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ENGLISH SUMMARY 

 

The aim of the PhD project reported in this dissertation was to develop a perturbation-
based treadmill training, suitable for use in small rehabilitation facilities and 
physiotherapy practices and to provide a comprehensive analysis of the effects of such 
perturbation training on clinical and daily-life assessments as well as falls in daily life. 

In chapter 1 of this dissertation, I review the incidence, causes and consequences of 
falls among older adults. Our society is ageing rapidly and with age, the risk of falling 
rises. The increasing number of falls brings a reduced quality of life in the older 
population, injuries and hospital admissions and consequently rising health care costs. 
Mechanical perturbations such as trips and slips during walking are a significant risk 
for older adults. Fall risk can be reduced by exercise interventions with as targets 
improving balance, muscle strength and gait performance, but such training lacks task-
specific elements to improve the reactive skills needed to overcome balance 
disturbances and avoid falls. I concluded that training with gait perturbations, 
mimicking daily-life trips and slips, may be suitable to provide task-specific fall 
prevention training in a clinical setting. This can be applied with a treadmill capable of 
quick and strong accelerations and decelerations of the belt, challenging balance while 
walking. 

As concluded in chapter 1, treadmill perturbations in anterior-posterior direction can 
easily be applied in a clinical setting, but it is unknown whether training effects transfer 
to reactive recovery in the mediolateral direction. If gait perturbation training on a 
treadmill can be shown effective and transfers to mediolateral direction, then the 
question remains whether the improvement is based on changes in reactive responses 
or on changes in anticipatory behaviour, stabilizing the gait irrespective of perturbation 
direction. Therefore, in chapter 2 of this dissertation, I examined the transfer and 
retention effects of a single session of gait perturbation training and concluded that a 
single session is enough to significantly improve gait stability, but results did not allow 
us to make conclusions on transfer between directions. Further, I concluded that the 
improvements are not based on anticipatory gait changes, but changes in reactive 
response and that the effects are retained.  

In chapter 3, I focused on a new perturbation-based treadmill training, called REACT, 
designed for training in older adults that are at risk of falling. In Chapter 3 I report the 
development of the REACT training and study protocol. REACT aims to provide a task-
specific gait training in clinical practice using a treadmill capable of quick belt 
accelerations and decelerations to challenge reactive balance responses and 
consequently reduce daily-life fall incidence in the older population. REACT also 
provides cognitive dual-task exercises during perturbed walking on the treadmill. 
Adding a cognitive dual-task component to a motor-learning intervention can facilitate 
automatization of the motor task and its transfer to daily-life situations, by distracting 
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participants from the primary motor-task. A randomized controlled trial was designed 
comparing the REACT training with dual-task treadmill walking alone.  

In chapter 4, I report a comprehensive analysis of the training effects on clinically 
assessed balance and gait performance, confidence in walking and concern of falling, 
as well as of physical activity behaviour, gait quality and falls in daily life. In chapter 
4, I show that all participants improved on balance and gait performance, confidence 
in walking and concern of falling. The REACT intervention was superior over dual-task 
treadmill walking alone (control intervention) in improving physical performance and 
decreasing concern of falling. However, physical activity and gait quality in daily life 
remained unchanged in both groups. Interestingly, the number of falls and the number 
of fallers in daily life both significantly decreased in the REACT group, but not in the 
control group. Therefore, I conclude in chapter 4 that perturbation training only 
influences the reactive component of gait. Risk of balance disturbances may be the 
same after the training, but if balance is disturbed, improved reactive responses allow 
successful balance recovery and prevent falls.  

Measuring a participant’s performance becomes particularly important when applying 
a new perturbation-based treadmill training in clinical practice. Quantifying the reactive 
balance recovery response is key for objective judgement of the recovery 
performance. It allows the therapist to gradually adjust the training difficulty following 
the participant’s improvement. Further, it allows monitoring improvements over time 
and may facilitate reporting to health care insurances. In chapter 5, I examine a new 
method to quantify balance recovery performance based on the center of pressure 
data obtained from a force plate embedded in the treadmill. Various implementations 
were tested to quantify recovery performance based on the change of the center of 
pressure trajectory after a perturbation compared to an unperturbed walking center of 
pressure trajectory. I conclude that measures based on the center of pressure data 
are in general less reliable and sensitive to change than measuring changes in trunk 
kinematics during balance recovery compared to unperturbed walking and may only 
be suitable for specific perturbation setups. Therefore, future recovery performance 
measures for clinical practise could be based on inertial measurement units to capture 
trunk movements or a simple camera system, such as the Kinect, to capture (upper) 
body kinematics while being perturbed on a treadmill. 

In chapter 6 of this dissertation, I synthesized the results of all chapters within the 
broader context of falls prevention and several conclusions were drawn. Conventional 
fall prevention training is important for older adults’ general health and functional 
performance. Reactive balance control is not necessarily improved with conventional 
training. Task-specific assessment and training of reactive balance control are 
required to fill the gap in conventional interventions and positively influence fall risk in 
the older population. Strong evidence was found that perturbation-based treadmill 
training improves balance control. Importantly, the decrease in the number of falls in 
daily life may not be based on changes in daily-life physical activity behaviour or an 
improved gait quality in daily life, but on an improved reactive response leading to 
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successful balance recovery after daily-life balance disturbances. Other task-specific 
training such as gait or foot placement adaptability and safe falling techniques as well 
as training of muscle strength and general balance exercises while standing and 
walking over obstacles may be complimentary to perturbation-based balance training 
and may result in an overall greater effect on falls incidence and fall-related injuries. 
To contribute to this end, the mechanism behind the effects of perturbation training as 
a preventive intervention, as well as the development of a measure of reactive 
recovery performance suitable for clinical use should continue to be investigated. 

 

 

 

Figure 1: The influence of age on fall risk and fall-related consequences (left) with the 
effects of perturbation-based treadmill training presented in this dissertation (right). 

 


