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Abstract  
A high incidence of falls among the elderly is associated with the potential for severe injuries and a 
decline in overall health. Perturbation-based balance training programs have emerged as a feasible 
approach to address these challenges. These software applications expose users to regulated 
disruptions or perturbations, simulating practical balance challenges, thereby enabling them to 
acquire strategies for reestablishing their equilibrium. An exhaustive analysis of the effects of 
perturbation-based balance training on fall prevention and quality of life among elderly individuals is 
presented in this study. Balancing exercises based on perturbations not only aid in the prevention of 
falls but also improve the overall quality of life for the elderly. Gerascophobia is a widely observed 
fear among the elderly, which manifests as restricted social interaction and decreased physical 
mobility. While selecting participants, individual attributes such as pre-existing medical conditions 
and initial level of balancing proficiency should be taken into account. The duration, frequency, and 
degree of difficulty of training sessions ought to be explicitly delineated in training protocols; these 
elements ought to escalate in intensity as participants enhance their balance capabilities. It is 
essential to implement safety measures, including the use of appropriate instruments and adequate 
supervision, to reduce the risk of injury during perturbation-based training. Perturbation-based 
balance training programs have demonstrated positive results with regard to fall prevention and the 
enhancement of senior citizens' quality of life. Engaging in these activities contributes to the overall 
welfare of elderly individuals by improving their stability, reactive balance control, and sensory 
integration, thereby assisting them in preventing mishaps. The successful execution of these 
programs necessitates thorough assessment of participant characteristics, adherence to safety 
protocols, and systematic instruction. Further research should place emphasis on refining practical 
challenges and optimizing training methodologies to advance the field of perturbation-based balance 
training for the elderly demographic. 
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Introduction 
One of the main causes of unintentional injury 
among adults is falls, especially in those 65 
years of age and older. Falls are affecting a 
more active and non-conformist older citizen 
population, which is a result of longer 
lifespans and improved access to healthcare. 
We started by evaluating the current features 
of these falls among the senior population (1). 
The worldwide population's age distribution is 

constantly changing. It is clear that there is a 
worldwide trend toward an increase in the 
elderly population and a corresponding 
decline in the younger population (2,3).  The 
South Australian Department of Health 
realized in 2000–2001 that research on older 
people's perceptions of their quality of life 
and the services and assistance needed to 
maintain their independence was necessary. 
The aging process is associated with a 
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reduction in the human body's physical and 
cognitive capacities as well as a higher 
vulnerability to age-related illnesses (5). The 
generally recognized cutoff point for 
classifying someone as elderly is one fall per 
year for 30% of those 65 years of age or older 
(4). Physical aging causes a person to 
deteriorate physically, which results in 
decreased gait stability, balance control, and 
muscle strength and coordination of the lower 
limbs. One factor that accelerates the 
deterioration of bodily functions and has a 
negative impact on balance control is 
inactivity. It has been shown without doubt 
that exercise prevents this impact (6,7). 
Falls and their impact on the elderly 
population 
Falls are a serious and common health 
concern for the elderly population. According 
to the World Health Organization (WHO), falls 
rank second in the world in terms of 
accidental or unintentional injury deaths, with 
those 65 years of age and older being the 
most vulnerable group (8,9). Fall-related 
incidents may cause serious injuries, including 
brain damage, shattered bones, and soft 
tissue damage. Hospitalization is often 
required for these injuries, which also impair 
mobility and lower overall health and quality 
of life (10). Aging brings about a number of 
physiological changes that may increase the 
risk of falling. A reduction in muscle strength 
and flexibility, a decline in balance and 
coordination, changes in how the senses are 
interpreted, and a decline in cognitive abilities 
are among the changes (11). In addition, the 
coexistence of comorbid conditions such 
osteoporosis, arthritis, and neurological 
disorders increases an older person's risk of 
falling (12). 
Importance of balance training in fall 
prevention 
Owing to the significant impact that falls have 
on the elderly population, the need of balance 
training in fall prevention strategies is 
becoming more widely recognized. The goal of 
balance training is to improve a person's 
reactive balance control, proprioception, and 
postural stability, which will increase their 
ability to retain their balance and recover 
from unstable situations (13,14,15). Programs 

for improving balance include a range of 
activities and therapies aimed at addressing 
several facets of balance, including 
coordination, strength, static and dynamic 
balance, and sensory integration (15). These 
programs are suitable for this population 
because they may be tailored to the unique 
needs and skills of senior citizens with varying 
levels of physical fitness. 
By engaging in regular balancing exercise, 
senior citizens may improve their balance and 
stability, lower their risk of falling, and feel 
more confident while doing daily activities. 
Research has shown that treatments including 
balance training are useful in improving 
muscle strength, proprioceptive acuity, 
coordination, and overall functional mobility. 
These improvements contribute to the 
prevention of falls as well as the maintenance 
of autonomy, the promotion of an active 
lifestyle, and the general improvement of the 
quality of life for senior citizens (16). 
Programs for balance training based on 
perturbations are becoming more and more 
acknowledged as a successful way to avoid 
falls. By simulating unplanned disturbances or 
perturbations, these systems provide a unique 
training stimulus that replicates real-world 
balancing concerns. Individuals develop 
reactive control over balance, adaptive 
strategies for sustaining balance, and the 
ability to restore stability in unexpected 
situations via frequent exposure to and 
recovery from these disruptions, which 
ultimately reduces the risk of falls (17). 
Principles of perturbation-based training 
People who participate in perturbation-based 
training are intentionally exposed to varying 
degrees of disruption or disturbance in order 
to assess and improve their stability and 
balance. The aim of these disruptions is to 
mimic actual circumstances that assess an 
individual's capacity for balance maintenance. 
They may come from outside sources or be 
self-inflicted. Reactive balance control is 
emphasized in the training, enabling 
participants to quickly respond and regain 
equilibrium in the face of unanticipated 
disruptions (18). 
Increasing overload and specificity are two of 
the principles of perturbation-based training. 
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Progressive overload is the term used to 
describe how the intensity, complexity, and 
unpredictability of the disruptions gradually 
and systematically develop over time (19). The 
equilibrium system is tested by this exercise, 
which allows individuals to adapt and devise 
strategies for effectively regaining their 
balance. Specificity ensures that the training 
closely resembles real-world situations when 
individuals are at risk of falling, which 
improves the ability to apply newly learned 
skills to everyday tasks (20). 
Types of perturbations used in training 
programs 
Many types of perturbations are used in 
perturbation-based training regimens to 
create balancing difficulties (21). These 
disruptions may be divided into two 
categories: surface disturbances and external 
perturbations. When pressures or 
disturbances are applied from outside sources 
to assess a person's capacity for maintaining 
equilibrium, they are referred to as external 
perturbations. Examples include sudden force 
or traction, unanticipated blows, or quick 
changes in direction applied by a therapist or 
specialized equipment. The purpose of 
external perturbations is to mimic scenarios 
where people could come into contact with 
unexpected forces or interactions with their 
environment. Surface anomalies: Surface 
perturbations are actions used to alter the 
underlying surface's stability or qualities in 
order to test balance control (22). 
Destabilizing the surface using foam pads, 
balancing boards, or stability discs is one 
method to do this. People must modify their 
balancing strategies to maintain stability since 
surface disturbances provide an unsteady 
base of support (23). 
Duration, frequency, and intensity of training 
sessions 
Training sessions based on perturbations may 
vary in duration, frequency, and severity 
according to program structure, individual 
goals, and individual capabilities. Nonetheless, 
a few general guidelines could be considered. 
Training sessions typically last between thirty 
and sixty minutes, including warm-up and 
cool-down times. People may experience 
disruptions for varying amounts of time 

throughout the training session. Exposures are 
often shorter at first to give people time to 
adjust, and then they progressively increase as 
they become more adept at handling the 
challenges. There may be two to three 
training sessions each week (24, 25). This 
frequency provides enough time between 
sessions for recovery while still providing an 
appropriate stimulus for the equilibrium 
system to modify and improve. Prolonged use, 
tiredness can develop spasm due to loading in 
the muscle, so cool down session is important 
where stretching gives promising results  
(26,27). The severity of perturbation-based 
training may be controlled by varying factors 
like the size, speed, or randomness of the 
perturbations. The level of difficulty should be 
high enough to provide the desired 
physiological effects without endangering 
participants' safety. It takes time and a steady 
rise in intensity to ensure continued 
improvements. 
Common components of perturbation-based 
training programs 
Several crucial components are often included 
in perturbation-based training approaches in 
order to maximize effectiveness. To properly 
prepare the body for the next exercise 
session, it is important to spend some time 
warming up beforehand. To improve blood 
circulation, increase body warmth, and 
increase joint range of motion, the procedure 
may include low-intensity aerobic exercise, 
joint mobilization, and dynamic stretching. 
The cornerstone of perturbation-based 
training is perturbation exposure, which 
involves exposing participants to intentional 
disturbances or perturbations. The purpose of 
reactive balance exercises is to improve 
control over reactive balance as well as the 
ability to stabilize following disruptions. 
Reactive walking, reaching, and shifting one's 
body weight in reaction to disruptions are a 
few examples of these actions. To enhance 
people's general balancing abilities, 
perturbation-based training regimens often 
include strength and stability exercises. A cool-
down period after exercise helps the body 
return to resting condition more gradually. 
Stretching exercises may improve range of 
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motion and reduce soreness or stiffness in the 
muscles (21, 24). 
Effects of perturbation-based balance 
training on fall prevention 
Reduced fall risk: Research has shown that 
older people who participate in perturbation-
based training programs have a much lower 
chance of falling. These programs improve 
people's ability to respond and regain 
equilibrium when unexpected disruptions 
occur by repeatedly exposing participants to 
disturbances and providing them with training 
in balance recovery. There is a decreased 
chance of falling during routine tasks as a 
consequence of this enhanced reactive 
balance regulation (27–29). 
Improved equilibrium management: Among 
the elderly, perturbation-based training 
improves balance control and postural 
stability. Learning from experience and 
developing the capacity to recover from 
shocks of varying intensities helps individuals 
improve their motor skills, muscle contraction 
patterns, and proprioception (awareness of 
one's own bodily location). These 
improvements in balance management also 
extend to daily activities, making persons less 
prone to falls and more stable (30, 31). 
Enhanced sensory integration: Training with 
disturbances improves the body's capacity to 
integrate sensory data, which is crucial for 
maintaining equilibrium. By introducing 
perturbations that challenge human sensory 
systems (visual, vestibular, and 
proprioceptive), these training regimens 
improve the ability to integrate and process 
sensory information in order to regulate 
balance. This lowers the likelihood of falling 
and produces improved equilibrium responses 
(32).  
Application in the real world: Perturbation-
based training aims to imitate everyday 
balance problems so that individuals may 
develop strategies that they can use in real-
world situations. By teaching participants how 
to recover from unplanned interruptions, 
these programs improve people's ability to 
respond appropriately to balance risks that 
occur during routine tasks, such as tripping, 
slipping, or colliding with objects. The ability 
to successfully avoid falls depends on one's 

ability to apply the information and abilities 
acquired during training to actual situations 
(33, 34). 
Research has shown that the advantages of 
perturbation-based balance training may last 
for an extended period. People who have 
undergone perturbation-based training show 
improved balance control and a reduced risk 
of falling even after the training session has 
ended. This suggests that training induces 
long-lasting changes in the equilibrium 
system, providing ongoing fall protection (35, 
36). 
Effects of Perturbation-based Balance 
Training on Quality of Life 
Effect on mental health and fear of falling: 
Using perturbation methods in balance 
training has been shown to successfully 
reduce fear of falling and improve 
psychological well-being in older adults. A 
common fear among older persons is 
gerascophobia, which may lead to less 
physical activity, social isolation, and a general 
deterioration in wellbeing. People feel more 
secure in their ability to avoid falls when they 
get perturbation-based training, which 
improves balance control and increases 
confidence in one's ability to respond 
appropriately to balance issues. Better mental 
health, increased activity levels, and an 
improved quality of life may arise from 
increased self-assurance and less fear of 
falling (37, 38). 
Impact on overall physical function and 
independence: The use of perturbation 
methods in balance training has a significant 
impact on overall physical function and 
independence. These training plans increase 
reactive balance responses, balance control, 
and coordination, which in turn improve 
functional mobility and the performance of 
activities of daily living (ADLs). PESTLE-based 
training has been shown to improve elderly 
people's functional abilities, such as walking, 
climbing stairs, reaching, and other essential 
tasks. Because of the increased physical 
capabilities and independence that follow, 
individuals are able to maintain their ability to 
do daily activities and engage in social 
interactions, which improves their quality of 
life (24, 31, 38). 

10891



NeuroQuantology | August 2022 | Volume 20 | Issue 8 |Page 10888-10895|doi: 10.48047/nq.2022.20.8.nq221117 
Sonia Saroha et al/ Perturbation-Based Balance Training Program and Elderly People– A Narrative Review 
 

eISSN1303-5150                                                                                                                                                    www.neuroquantology.com                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

 

Effect on social interaction and participation: 
Older adults who get perturbation-based 
balance training benefit from increased social 
engagement and participation. Fear that one 
would collapse and become unstable might 
lead to social disengagement and a reduction 
in participation in group activities. By 
improving balance control and reducing the 
risk of falls, perturbation-based training 
increases people's confidence to interact with 
others and take part in recreational, cultural, 
and community activities. Increased 
participation and engagement in social 
activities result in a general state of being, 
social support, and a sense of inclusion. 
Participating in perturbation-based training 
programs also often involves group settings or 
therapy sessions led by therapists, which 
promotes social interaction and mutual 
support among participants. Participating in 
exercises that assist people in resolving 
balance problems and accomplishing fall 
prevention goals may foster a sense of 
community, inspiration, and camaraderie. 
Consequently, this encourages heightened 
social interaction and participation and 
engagement as well as fast healing of the 
muscles by electrotherapeutic procedures (39- 
42). In group therapy, stretching sessions can 
be given to prevent spasm of skeletal muscle 
to prevent secondary myofascial pain 
syndrome (43). 
Future Research Required  
Not only can perturbation-based balance 
training increase physical function and lower 
the risk of falls, but it also has a favorable 
impact on other aspects of quality of life. To 
investigate the long-term effects of 
perturbation-based balancing training, more 
research is required in a number of areas. 
Significant insights might be gained by 
comprehending the longevity of fall 
prevention benefits and the durability of 
training improvements beyond the training 
time. Training outcomes would be more 
successful if research were done on the 
effectiveness of individualized perturbation-
based training regimens that were designed to 
target specific balance inadequacies, 
functional limitations, and individual 
characteristics. To get insight into the relative 

benefits and efficacy of different training 
approaches, perturbation-based training 
should be compared to other methods of 
balancing training, such as strength training or 
traditional balance exercises. Understanding 
the relative effectiveness of various therapies 
would be helpful in guiding the development 
of evidence-based fall prevention programs. 
Furthermore, it is important to examine the 
effectiveness of perturbation-based training 
across a range of populations, including those 
with neurological illnesses, cognitive 
deficiencies, or other health concerns. The 
potential efficacy of these training programs 
in reducing falls might be increased by 
expanding our understanding of how they can 
be modified and adapted for different 
populations. 
Potential limitations and challenges in 
implementing perturbation-based training: 
People who participate in perturbation-based 
training are exposed to intentional 
disturbances, which may cause concerns 
about their safety, especially if they have 
medical conditions or physical limitations. 
Appropriate equipment, specialized 
adaptations, and skilled supervision are 
required to minimize potential risks. 
To implement perturbation-based training, 
there is a need to have access to specialized 
tools, knowledgeable instructors, and 
appropriate training spaces. The widespread 
execution and dissemination of these efforts 
may face challenges due to the limited 
availability of resources and technology. 
Maintaining participant engagement and 
adhering to the training regimen may provide 
challenges. For perturbation-based training, 
individuals must be consistently dedicated, 
and they may run across challenges like time 
constraints, transportation issues, or 
competing commitments. It is important to 
look for ways to enhance program adherence, 
motivation, and long-term sustainability. 
Advances in technology, particularly virtual 
reality (VR), provide opportunities to enhance 
perturbation-based training. Virtual reality 
systems are able to imitate real-world balance 
problems in a safe and regulated 
environment, allowing users to repeatedly 
confront disruptions. As an affordable and 
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readily accessible alternative to traditional 
training methods, VR-based perturbation 
training enables users to exercise remotely or 
from the comfort of their own homes. Further 
research is necessary to assess the 
effectiveness and feasibility of virtual reality-
based perturbation training, as well as its 
potential for widespread implementation. 
Conclusion 
Older adults may benefit from perturbation-
based balancing training as an efficient fall 
prevention strategy. It enhances the capacity 
to respond to stimuli with balance, reduces 
the risk of falling, enhances mobility, and has 
positive effects on a number of life aspects, 
such as quality of life, fear of falling, 
psychological state, physical capacity, self-
sufficiency, and social interaction. By 
purposeful perturbations to the equilibrium 
system, individuals acquire adaptive strategies 
that lead to observable improvements in their 
general equilibrium in daily life. For older 
persons, balance training is crucial to avoiding 
falls. These treatments address the decline in 
balance and stability that comes with age, 
with the goal of reducing the risk of falls, 
increasing functional mobility, and improving 
the general quality of life for older people. 
Programs for balance training based on 
perturbations provide a novel and effective 
way to enhance balance control and lower the 
risk of falling for this population. By advancing 
research, addressing implementation 
challenges, and embracing technological 
improvements, perturbation-based balance 
training may continue to contribute to fall 
prevention efforts, improve outcomes for 
older adults, and encourage healthy aging. 
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