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Abstract

Falls are among the leading causes of injury, hospitalization, disability, and loss of inde-
pendence in older adults. Traditional fall-prevention programs primarily focus on reduc-
ing fall risk through improvements in balance, muscle strength, and functional perfor-
mance, while less attention is paid to mitigating the consequences of unavoidable falls.
This narrative review aimed to evaluate the potential of martial arts-derived exercise and
safe-fall training as complementary approaches to fall and injury prevention in older
adults. Publications published between January 2000 and March 2026 were identified us-
ing combinations of keywords and Medical Subject Headings (MeSH) related to safe fall-
ing, fall prevention, injury prevention, older adults, martial arts, balance training, and
physical activity. Evidence from interventions incorporating elements of boxing, judo, ai-
kido, tai chi, and self-defence training was analysed, with particular attention to balance,
postural control, mobility, dual-task performance, protective responses, and fall prepar-
edness. Current evidence suggests that appropriately adapted martial arts-based inter-
ventions may improve several factors associated with fall risk and injury mitigation, in-
cluding postural stability, functional capacity, coordination, reaction time, and cognitive-
motor performance. Emerging evidence also indicates potential benefits of safe-fall train-
ing in developing protective movement strategies during loss-of-balance situations. The
INNOAGON (Innovative Agonology) model is discussed as a framework integrating mo-
tor, cognitive, and behavioural components across multiple levels of prevention. How-
ever, most available studies have evaluated functional, behavioural, and biomechanical
outcomes rather than clinically meaningful endpoints. Consequently, direct evidence
demonstrating reductions in fall incidence, fractures, fall-related injuries, hospitaliza-
tions, or long-term disability remains limited. Martial arts-derived exercise may therefore
be considered a promising complementary component of multifactorial healthy ageing
and fall-prevention programmes. Further large-scale prospective studies and randomized
controlled trials are needed to determine whether observed improvements in functional
outcomes translate into meaningful clinical benefits in real-world settings.

Keywords: healthy ageing; fall prevention; safe-fall training; martial arts; combat sports;
older adults; balance training; dual-task performance; INNOAGON; injury prevention
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1. Introduction

The ongoing ageing of the population means that preventing falls among older adults
is becoming one of the most important challenges facing contemporary gerontology, pub-
lic health and physical education. Falls are among the most common adverse events in the
elderly population and are the leading cause of injury, loss of functional independence,
hospitalisation and premature mortality in this age group [1-3]. It is estimated that at least
one third of people over the age of 65 experience at least one fall per year, and the inci-
dence of this phenomenon increases with age and the level of functional dependence [2,4].

The consequences of falls extend far beyond the immediate physical effects. In addi-
tion to fractures, head injuries and soft tissue damage, which incur significant costs for
treatment and rehabilitation, falls lead to the development of what is known as “post-fall
syndrome’, comprising a fear of falling again, reduced physical activity, social isolation
and a decline in quality of life [5-7]. Paradoxically, the avoidance of physical activity
caused by the fear of falling contributes to a further decline in muscle strength, balance
and mobility, which in turn further increases the risk of subsequent incidents [7].

In accordance with the injury prevention framework proposed by Van Mechelen and
colleagues [8], effective prevention strategies should be based on identification of injury
incidence, underlying mechanisms, implementation of preventive measures, and evalua-
tion of their effectiveness.

Contemporary prevention strategies indicate that one of the most effective methods
of reducing the risk of falls is systematic and appropriately tailored physical activity [9,10].
Research shows that exercise programmes improve muscle strength, postural control, mo-
tor coordination and gait quality, leading to a significant reduction in the number of falls
amongst older adults [11-13]. Interventions focusing on balance and functional exercises,
which simultaneously engage the cognitive processes responsible for planning, control-
ling and modifying movement, are particularly effective [10,14].

In recent years, exercises inspired by sports and martial arts have attracted increasing
interest from researchers; due to their multidimensional nature, they may serve as a val-
uable tool for the prevention of falls. Unlike traditional training programmes, which focus
mainly on building strength or endurance, exercises derived from martial arts integrate
motor, sensory and cognitive components. These include control of the centre of gravity,
multi-planar body movement, responses to balance disturbances, spatial orientation and
the rapid adaptation of movement strategies to changing environmental conditions [14—
16].

A particularly valuable feature of exercises inspired by hand-to-hand combat sys-
tems is their ability to develop motor and cognitive functions simultaneously. A growing
body of evidence suggests that deficits observed during dual-task performance, which
requires simultaneous cognitive and motor control, are among the most significant risk
factors for falls in both older adults and patients with neurological conditions [17-20].
Training incorporating elements characteristic of combat sports, such as changes in direc-
tion of movement, postural transitions, reactions to external stimuli or movement se-
quences requiring rapid decision-making, can effectively support the mechanisms respon-
sible for maintaining postural stability and adapting to sudden destabilising situations
[14,21].

At the same time, it should be emphasised that most modern fall prevention pro-
grammes focus on preventing the fall itself, whilst overlooking the issue of minimising its
consequences. However, it is impossible to completely eliminate falls, particularly
amongst the elderly. Consequently, increasing attention is being paid to the need to incor-
porate the art of falling safely into prevention programmes, a discipline whose roots lie
mainly in martial arts and selected self-defence systems [22-24]. Research conducted
within the framework of the “susceptibility to bodily injuries during a fall’ (SFI) suggests
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that appropriately developed movement patterns can significantly reduce the risk of head,
upper limb and hip injuries upon contact with the ground [25,26].

From a public health perspective, exercises inspired by combat sports may therefore
represent a particularly valuable form of physical activity for older adults. Their potential
effectiveness stems not only from improved physical fitness, but also from the develop-
ment of adaptive abilities, increased body awareness, improved postural control and the
development of safe responses in situations where balance is lost [27-29]. This approach
is consistent with the modern model of primary, secondary and tertiary prevention, aimed
at both reducing the incidence of falls and minimising their adverse health consequences.

However, analyses to date have focused primarily on reducing the incidence of falls,
while the potential role of martial arts-derived exercises in simultaneously reducing fall
risk and mitigating the consequences of unavoidable falls has received much less atten-
tion.

The aim of this paper is to present ways of preventing falls among older adults
through the use of physical exercises modelled on martial arts, with particular emphasis
on their impact on balance, functional fitness, cognitive-motor abilities and learning how
to fall safely as part of a comprehensive gerontological prevention programme.

2. Materials and Methods
Search Strategy

A narrative literature review was conducted to identify studies investigating safe-fall
training, fall-response education, and fall-related injury prevention in older adults. Elec-
tronic searches were performed in the PubMed, Scopus, Web of Science, and Google
Scholar databases. The search covered publications released between January 2000 and
March 2026. Search terms included combinations of the following keywords and Medical
Subject Headings (MeSH): “safe fall”, “safe falling”, “fall training”, “fall techniques”, “fall
preparedness”, “fall prevention”, “injury prevention”, “protective responses”, “older
adults”, “elderly”, “ageing”, “aging”, “martial arts”, “judo”, “balance training”, and
“physical activity”. Boolean operators (AND, OR) were used to combine search terms.
Additionally, a manual screening of reference lists from eligible articles was performed to
identify further relevant studies. The final search was completed on 31 March 2026.

Inclusion Criteria

Studies were considered eligible if they involved older adults or populations relevant
to the mechanisms underlying safe-fall training and injury prevention; examined safe-fall
training, fall-response education, fall-preparation programmes, martial arts-based fall ed-
ucation, or related interventions; reported outcomes related to balance, mobility, fall-re-
lated skills, protective responses during falls, fear of falling, self-efficacy, injury risk, or
other fall-related outcomes; used experimental, quasi-experimental, cohort, pilot, or ran-
domized controlled trial designs; were published in peer-reviewed journals; were availa-
ble in English.

Exclusion criteria

Studies were excluded if they focused exclusively on conventional balance, strength,
or fitness training without a safe-falling or injury-mitigation component; were review ar-
ticles, conference abstracts, editorials, commentaries, letters, or academic theses; did not
report outcomes relevant to fall prevention, injury prevention, or protective motor re-
sponses during falls; represented duplicate publications; were unavailable in full-text for-
mat.

Definition of Older Adults

For the purposes of this review, older adults were defined as individuals aged 60
years and older, consistent with definitions frequently used in gerontological and public
health research.
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Study selection

The study selection process was conducted independently by two reviewers. After
removing duplicates, titles and abstracts were screened based on predefined eligibility
criteria. Subsequently, the full texts of potentially relevant articles were independently
assessed by both reviewers. Any discrepancies regarding study eligibility were resolved
through discussion and consensus. Following the independent evaluations, the reviewers
jointly determined the final set of studies included in the review.

A total of 163 records were identified through database searching. After the removal
of 46 duplicates, 117 records underwent title and abstract screening. Twenty-five full-text
articles were assessed for eligibility, and 11 studies met all inclusion criteria and were
included in the final descriptive review. Two publications were included in the group
Direct evidence from martial arts-derived interventions in older adults; two in the Con-
textual Evidence on Fear of Falling group; and seven in the Mechanistic and indirect evi-
dence supporting safe-fall training and injury prevention group.

Although the review primarily focused on older adults, a limited number of studies
involving younger populations, children, or long-term martial arts and combat sports
practitioners were also considered during the evidence synthesis when they provided im-
portant mechanistic insights into safe-fall training and injury prevention. Such studies
were not used as direct evidence of effectiveness in older adults but were included to sup-
port the understanding of biomechanical principles, protective motor responses, injury-
mitigation strategies, and the acquisition of safe-falling skills that form the theoretical
foundation of safe-fall education programmes. This approach was considered particularly
important because of the relatively small number of studies specifically examining safe-
fall training in older populations.

Given the limited number of studies specifically addressing safe-fall training in older
adults, a narrative synthesis was conducted. The primary aim was to summarize current
scientific evidence regarding functional, biomechanical, and behavioural outcomes, rather
than to perform a quantitative meta-analysis.

3. Results and Discussion
3.1. Martial Arts-Derived Exercise and Functional Outcomes

Physical activity is widely recognized as one of the most important determinants of
healthy aging and the preservation of functional independence. Among the diverse forms
of exercise available to older adults, programs incorporating selected elements of martial
arts and combat sports have attracted growing attention due to their ability to simultane-
ously stimulate physical, cognitive and postural functions. When appropriately adapted,
these activities can be safely implemented in older populations and provide a multidi-
mensional training stimulus that supports mobility, balance and everyday functional per-
formance [16,21].

Although martial arts and combat sports differ in their cultural backgrounds and
competitive objectives, they share a number of fundamental movement characteristics.
These include continuous control of the centre of gravity, balance maintenance, rapid
changes in movement direction, postural transitions and coordinated whole-body actions.
From a health promotion perspective, particular value lies in non-contact training ele-
ments that develop motor and cognitive abilities without the physical demands associated
with competitive participation [27,28].

Regular participation in martial arts-derived exercise programs has been associated
with improvements in muscle strength, coordination, reaction speed and postural control.
Unlike conventional exercise programs that often target isolated physical capacities, these
activities involve functional movements performed across multiple planes and under con-
stantly changing conditions (Table 1). Therefore, they more closely reflect the motor
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demands encountered during daily living and may better prepare older adults for real-
world challenges [14,21].

Table 1. Potential contributions of selected martial arts and combat sport disciplines to fall and in-

jury prevention in older adults.

Discipline

Evidence Level

Functional and Cognitive Potential Contribution to Fall and In-

Key Training C t . . .
€y Traimng Lomponents g nefits jury Prevention

Boxing (non-
contact forms)

Direct evidence
in older adults

Footwork, reaction drills, Improved reaction time, Enhanced mobility and obstacle avoid-
hand-eye coordination, mul- gait adaptability, executive ance; improved ability to respond rap-
tidirectional movement, stim- function, dual-task perfor- idly to balance disturbances and envi-
ronmental hazards

ulus-response exercises mance, coordination

Direct evidence

Development of protective responses
potentially associated with lower injury

Ukemi (safe-falling tech-

. . Improved body awareness,
niques), postural transitions,

functional strength, move-

udo . rolling, getting up from the . . susceptibility through development of
J in older adults & & Ag P ment control, confidence in p, 4 & . P L.
floor, dynamic balance exer- mobili protective responses and impact-distri-
cises i bution strategies
Body positioning, centre-of- .
. y P & . Enhanced neuromuscular Better recovery after perturbations and
. Indirect/mecha- gravity control, functional L L ; .
Wrestling . . . coordination, core stability, improved maintenance of stability dur-
nistic evidence strength, dynamic stability . . .
; postural control ing daily activities
exercises
Balance redirection, con- Improved proprioception, . .
. . Enhanced ability to regain balance and
. Indirect/mecha- trolled body movements, ro- coordination, movement . .
Aikido L . . . . adapt to unexpected destabilising situ-
nistic evidence tational techniques, spatial  fluidity and postural ad- ations
i
awareness justment
Direct evidence Slow controlled movements, Improved balance, lower- Potential reduction in factors associ-
Tai Chi weight shifting, postural limb strength, concentra-  ated with fall risk through enhanced

in older adults

alignment, breathing control tion and motor control postural stability and gait control

Self-defence-
based exercise
programmes

Theoretical ra-
tionale/indirect
evidence

Situational awareness, defen-
sive movement patterns,
rapid decision-making, multi-

Improved cognitive-motor Better management of unexpected en-
integration, attention, vironmental challenges and reduction

o . adaptability and confidencein fall risk in everyday situations
directional locomotion

A particularly important characteristic of martial arts-derived exercise is the integra-
tion of cognitive and motor demands. Participants are frequently required to memorize
movement sequences, process sensory information, respond to external stimuli and adapt
their movements to changing situations. Such skills are directly relevant to fall prevention
because many falls occur while individuals simultaneously perform motor and cognitive
tasks. Accordingly, improved dual-task performance is increasingly recognized as an im-
portant protective factor against balance loss and falls [18,20,29].

In practice, programs designed for older adults typically utilize selected elements
from boxing, judo, aikido, tai chi and self-defense training. Common exercises include
multidirectional stepping, balance-challenging footwork, controlled shifts in body weight,
postural transitions, exercises for rising from the floor and movement tasks requiring
rapid adaptation. These activities can be tailored to individual fitness levels while pro-
moting the development of skills necessary for maintaining stability and responding ef-
fectively to unexpected perturbations [30,31].

From a gerontological and public health perspective, martial arts-derived exercise
may represent a valuable component of preventive strategies for older adults. By targeting
balance, mobility, functional strength, coordination, and cognitive performance, these
programmes address multiple factors associated with functional decline and fall risk.
However, current evidence is based primarily on functional outcomes rather than clini-
cally meaningful endpoints [27-29].

Martial arts-derived exercise programmes provide a multidimensional training stim-
ulus and may improve several factors associated with healthy ageing and fall prevention.

https://doi.org/10.3390/app162110858



Appl. Sci. 2026, 16, 10858

6 of 15

Nevertheless, further prospective studies are needed to determine whether these benefits
translate into reductions in falls, injuries, and loss of independence in real-world settings.

3.2. Evidence from Specific Martial Arts-Derived Interventions

Falls are among the leading causes of disability and loss of independence in older
adults. Their occurrence is influenced by multiple factors, including impaired balance, re-
duced muscle strength, slowed reaction times, cognitive decline and diminished adapta-
bility to environmental challenges [2,4]. Effective preventive interventions should address
these interacting mechanisms rather than focusing on a single component of physical
function.

Martial arts-derived programs are of particular interest because they combine phys-
ical, cognitive, and behavioural training within a single intervention framework (Table 2).
These programs expose participants to movement situations requiring dynamic balance
control, continuous regulation of the centre of gravity, and rapid adaptation to changing
sensory information. Such characteristics resemble challenges encountered during every-
day mobility and may contribute to the development of functional capacities associated
with fall prevention [14-16]. However, improvements in balance control, mobility, or
movement adaptability should be interpreted as surrogate indicators of reduced fall risk
rather than direct evidence of a decrease in real-world falls or fall-related injuries.

Growing evidence suggests that deficits in dual-task performance contribute to fall
risk, particularly among older adults and individuals with neurological disorders. Com-
bat sport-inspired activities often incorporate coordinated movements, stimulus-response
tasks, and movement sequences requiring simultaneous cognitive processing and motor
execution. Such training may enhance attentional allocation, sensory integration, and cog-
nitive-motor coordination, which are considered relevant to safe mobility. Nevertheless,
the extent to which improvements observed in standardized dual-task assessments trans-
late to real-world fall prevention remains uncertain.

In a study involving individuals with Parkinson’s disease, Shearin et al. [18] reported
improvements in gait performance and cognitive-motor task execution following a box-
ing-based intervention. In contrast, Staniszewski et al. [20] observed no significant
changes in postural stability after participation in a Rock Steady Boxing program. These
findings indicate that the effects of such interventions may depend on program character-
istics, participant profiles, and outcome measures. Importantly, the reported benefits pri-
marily concern surrogate outcomes related to fall risk, whereas direct evidence demon-
strating reductions in fall incidence, fall-related injuries, or fractures remains limited.

Exercises inspired by judo and other grappling-based disciplines provide additional
opportunities to develop functional movement skills. These interventions commonly in-
clude postural transitions, rolling activities, balance recovery exercises, and floor-to-
standing movements. Such activities improve functional strength, body awareness and
movement control while promoting strategies that may help individuals recover safely
from instability episodes [22,32].

https://doi.org/10.3390/app162110858
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Table 2. Key evidence on the role of martial arts-derived training in fall and injury prevention among older adults.

Study

Sample Size and Dura-
tion of Intervention

Study Design Group Allocation/Comparison  Population/Years Intervention Main Outcomes

Implications for Fall/Injury
Prevention

Direct evidence from martial arts-derived interventions in older adults

Li et al. (2018)
(16]

670 adults; 24 weeks, 2 x Randomized con-

60 min/week

Random allocation to 3 parallel
groups; tai chi quan, multimodal
exercise, stretching control

Older adults at risk of Long-term tai chi par- study of fall fre-

trolled trial (RCT) falls; >70 years ticipation quency

Effectiveness of tai chi bal-
ance exercises among older
people at high risk of falls

Zanotto et al.
(2025) [24]

Prospective, single- Random allocation (1:1) after

24 older adults; 4 weeks, anonymized, pilot baseline assessment to FAST or  Older adults at risk of Falling Safely Training Improved safe-fall

2 x 30 min/week

RCT with 2 parallel active control (modified Otago  falls; >65 years Study strategies
arms Exercise Program)

Confirmation of the rationale
for teaching safe-falling
strategies

Contextual Evidence on Fear of Falling

Yardley, Smith
(2002) [7]

166 adults; 6 months  study/prospective

No interventional and no group

Ob tional
servationa allocation; participants were ob- Older adults at risk of
. . survey research o
survev stud served/reported their physical ac-falls; >75 years activity

y y tivity and fall-related behaviour

avoidance of physical

The relationship between
physical performance and
falling

Pauelsen et al.

Cross-selection ob- No interventional and no experi- Older adults at risk of fear of falling, mo-

the relationship between

1 1 h; 1 hysical fit- physical perf
(2018) [30] 53 adults servational study  mental allocation falls; >70 years survey research; years rale, and physical fit- p ysical performance and
ness. falling
Mechanistic and indirect evidence supporting safe-fall training and injury prevention
Single intervention group; no Improved eait perfor
\Y i -
Shearin et al. 26 individuals; 12 Prospective interven-randomization or control group; . . Multimodal boxing ex- P At PerOT hanced dual-task perfor-
. . .. Individuals with PD . mance and cognitive- .
(2021) [18] weeks, 2 x 60 min/week tional pre-post study all participants completed the ercise programme mance may reduce fall risk

. . motor task execution
multimodal boxing programme

Staniszewski et 18 Individuals; 4 weeks,

No random allocation; PD partic-
ipants constituted the interven-

Interventional exper-tion group and underwent re- Individuals with PD; Rock Steady Boxing No significant

imental study with peated pre/post-session assess- changes in postural

No clear improvement in

1. (2025) [2 2 i k >7 tural stabilit
al- (2025) [20] * 60 min/wee repeated measures ment. A separated age-similar 0 years programme stability postural stability
non-PD control group was used
for baseline comparison only
Single boxing training cohort; no
P . } N L
Domingos et al. 26 individuals and 10 in- ‘rospe.ctlve obsTerva randomization; part1C1.pants were X Community-based Improved functional Enhanced safe mobility in
tional/interventional exposed to a community-based PD patients . . e . .
(2019) [14] structors; 18 months boxing training mobility and balance daily activities

study boxing programme and assess-
ment over time

https://doi.org/10.3390/app162110858



Appl. Sci. 2026, 16, 10858 8 of 15

No randomized intervention allo-

cation; experienced judo practi-

Experimental biome- Adults trained in judo Reduced impact Potential biomechanical

Groen et al. 6.]udo athletes, qualita- chanical laboratory tlor}ers perfo.rmed sta}nda.rdmed techniques; 24.22 + 3.8 S?fe—fall (ukemi) tech- forces at the hip dur- mechanisms associated with
(2010) [23] tive study falling techniques, with biome- niques . . .
study . years ing falls reduced injury risk
chanical responses compared
across fall conditions
Single intervention group; no
Small experi- randomization and no conven- Cognitive-behavioural Improved motor re- Supports tertiary prevention
Klimczak et al. 4 old men; Susceptibility mental/interven- tional control group; nursing- ~ Nursing home resi- intervention based on sponses during falls through improvement of
(2024) [19] to Fall Injury (SFI) tional pilot study / home residents underwent an in- dents; 62-81 years ~ SFI/INNOAGON prin- and reduced injury movement responses associ-
case-series design  tervention based on ciples susceptibility ated with injury mitigation

SFI/INNOAGON principles
No randomized group allocation;

Improved diagnosis

191 children 2-6 years  Observational/exper- participants were assessed under Children (methodo- Safe-fall education and oS
and modification of Supports development of

Kalina et al.

(2022) [25] 014.:1; Susceptibility to Fallimental diagnostic st.a.ndardized mlovement/fall con- logical study); injury susceptibility as- injury-related move- safe-fall educational models
Injury (SFI) study ditions to examine the SFI phe- 2-6 years sessment
nomenon ment patterns

107 practitioners of com-
P No randomized comparison be-

., bat sports; 66 comprised . - Combat sports practi- Long-term martial Lower susceptibility Suggests protective adapta-
Boguszewski et . . Comparative obser- tween combat-sport practitioner . .
physically active per- . . . tioners; arts/combat sports par- to selected fall-re-  tion through long-term train-
al. (2024) [33] s vational study and physically active/non-com- L . .
sons; Susceptibility to .. 21-25 years ticipation lated injuries ing
. bat participants
Fall Injury (SFI)

Not all studies were conducted in older adults; selected studies were included due to their relevance to mechanisms associated with fall and injury prevention.
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Among all martial arts-derived approaches, Tai Chi currently provides the strongest
evidence base for fall prevention in older adults. In a large randomized trial, Li et al. [16]
demonstrated that long-term participation in Tai Chi significantly improved postural con-
trol and reduced fall incidence among older individuals at elevated risk. These findings
support the concept that the effectiveness of martial arts-derived exercise may depend less
on exercise intensity and more on the integration of balance training, movement control
and cognitive engagement.

Overall, current research suggests that martial arts-derived interventions can im-
prove balance, mobility, gait performance and cognitive-motor integration. However,
considerable heterogeneity exists regarding intervention duration, training content, par-
ticipant characteristics and outcome measures. Further large-scale controlled studies con-
ducted specifically in community-dwelling older adults are therefore required to
strengthen the evidence base and clarify the most effective program components.

3.3. Safe-Fall Training and Injury-Related Outcomes

While most fall-prevention programs focus primarily on reducing fall incidence,
safe-fall training addresses a complementary and often overlooked goal: minimizing the
consequences of falls that cannot be prevented. Given that no prevention strategy can
completely eliminate fall risk among older adults, particularly those with multiple health
conditions or functional impairments, developing protective responses during a fall may
represent an important additional component of injury prevention [22-25].

Safe-fall training originates from martial arts such as judo and jujitsu, where falling
techniques (ukemi) are considered essential skills for safe participation in practice. The
concept refers to a set of motor behaviours designed to protect vulnerable body structures,
distribute impact forces more effectively and reduce injury severity when contact with the
ground occurs [22,23,31]. These adaptations may be mediated by improved attentional
allocation, sensory integration, and greater automaticity of postural control.

From a biomechanical perspective, injuries occur when the kinetic energy generated
during a fall is transferred to a relatively small area of the body in a short period of time.
Safe-fall techniques seek to reduce these forces by increasing the duration of impact ab-
sorption, enlarging the contact surface and utilizing rolling movements that distribute en-
ergy across multiple body segments. Practical applications include lowering the centre of
gravity, avoiding rigid support on an outstretched arm, controlling limb positioning and
protecting the head through appropriate cervical alignment [23,24,34,35].

Substantial support for this concept comes from studies based on the Susceptibility
to Fall Injury (SFI) framework developed by Kalina and colleagues. According to this
model, injury risk depends not only on whether a fall occurs but also on the quality of the
protective motor responses displayed during body-ground contact [25,26]. To evaluate
these responses, the Susceptibility Test to Body Injuries During a Fall (STBIDF) was de-
veloped and subsequently adapted for different populations and testing conditions. To
date, no prospective studies have demonstrated that STBIDF scores predict real-world
fall-related injuries, fractures, or hospitalizations in older adults. Therefore, STBIDF
should currently be regarded as an assessment of injury susceptibility rather than a vali-
dated clinical predictor of injury occurrence [25,31].

Evidence supporting safe-fall training has also emerged from intervention studies.
Klimczak et al. [19] reported that cognitive-behavioural programs based on SFI and
INNOAGON principles improved protective motor responses and reduced susceptibility
to fall-related nursing injuries among home residents. The authors highlighted the im-
portance of combining physical practice with cognitive strategies aimed at modifying es-
tablished movement habits and enhancing anticipatory control. However, these findings
primarily reflect improvements in surrogate indicators of injury risk and movement
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preparedness rather than direct evidence of reductions in real-world fall incidence or clin-
ically confirmed fall-related injuries.

Additional indirect evidence comes from studies involving experienced combat
sports practitioners. Long-term participation in martial arts and combat sports has been
associated with lower susceptibility to selected fall-related injuries, possibly due to the
development of superior body control, force-absorption capacity, and automatic protec-
tive reactions acquired through years of training [35]. Nevertheless, these observations are
largely based on indirect and mechanistic evidence. Therefore, although they support the
biological plausibility of injury-mitigation benefits, they should not be interpreted as con-
clusive evidence that martial arts-based interventions reduce the frequency of falls, frac-
tures, or other clinically significant fall-related outcomes in older adults.

Importantly, safe-fall programs designed for older adults do not require the execu-
tion of advanced martial arts techniques. Current recommendations emphasize progres-
sive learning under controlled and safe conditions, often using soft surfaces and appro-
priately modified tasks. Suitable activities may include controlled transitions to sitting or
lying positions, rolling exercises, floor recovery training, and simplified falling techniques
adapted from martial arts practice. Integrating these activities with balance training, spa-
tial orientation exercises and dual-task challenges may further enhance their relevance to
real-life situations in which falls typically occur [23,25,29].

Martial arts-based interventions may reduce fall risk, the transferability of these gains
to real-life fall situations remains uncertain. Falls typically occur in complex and unpre-
dictable environments involving simultaneous cognitive, sensory, and motor demands.
Consequently, improved performance under standardized laboratory dual-task condi-
tions should not be interpreted as direct evidence of reduced fall incidence. Further pro-
spective studies are needed to determine whether training-induced improvements in
dual-task capacity translate into safer responses during real-world balance perturbations
and fall-threatening situations.

3.4. INNOAGON as a Conceptual Framework

While safe-fall training provides a practical strategy for reducing injury severity, the
broader theoretical context for integrating cognitive, motor and behavioural aspects of
injury prevention is provided by the INNOAGON framework.

In recent years, there has been a trend towards the development of interdisciplinary
models for the prevention of falls, which go beyond the traditional approach focused
solely on identifying risk factors and improving physical fitness. One such proposal is the
INNOAGON (Innovative Agonology) concept developed by Kalina and colleagues,
which integrates the areas of physical activity, health education, personal safety, rehabil-
itation and defensive behaviours [36,37]. In this framework, the individual is viewed as
an agent constantly taking action in response to various environmental threats, amongst
which unintentional falls are among the most common and most costly health-related
events in the older population.

The central concept of the INNOAGON model is the ‘practical error’, defined as an
action or omission that increases the likelihood of an injury occurring. In the context of
falls, this implies shifting the focus from the event itself to the cognitive, decision-making
and motor processes that precede a loss of balance or determine how the body behaves
during a fall [37]. This approach is consistent with recent findings indicating that the risk
of falls depends not only on the condition of the musculoskeletal system, but also on ex-
ecutive functions, divided attention and the ability to respond adaptively to changing en-
vironmental conditions [10,18].

Despite its originality, however, the INNOAGON model remains relatively little
known in the international literature. Most of the publications elaborating on its principles
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originate from a single academic community centred around the journals Archives of Budo
and Archives of Budo: Journal of Innovative Agonology [28,37]. The limited number of inde-
pendent research teams utilising this concept makes it difficult to assess its universality
and reduces the model’s level of internationalisation. Consequently, the position of
INNOAGON in global academia currently remains more conceptual than empirically
grounded.

To better understand the potential of this concept, it is worth relating it to models
recognised within the scientific community that describe motor behaviour and injury pre-
vention. A comparison with the ‘ecological dynamics” approach is particularly interesting,
as this is currently one of the most influential schools of thought in sports and motor sci-
ences [38,39]. This concept posits that motor behaviour results from dynamic interactions
between an individual’s capabilities, the task being performed and the environment. In
the context of fall prevention, this implies the need to develop the ability to adapt to un-
predictable situations through exposure to a variety of motor challenges. Exercises in-
spired by combat sports, involving changes in direction of movement, balance disturb-
ances or reactions to external stimuli, align with many of the principles of ecological dy-
namics. However, INNOAGON extends this perspective to include the conscious shaping
of protective behaviours and the analysis of the consequences of practical errors.

Similarities can also be found in relation to contemporary theories of motor learning.
Approaches such as Newell’s constraints theory, the constraints-led approach and non-
linear pedagogy emphasise the importance of motor exploration, variation in exercises
and the learner’s independent resolution of motor problems [40,41]. In contrast to tradi-
tional programmes based on repetitive, isometric training, these models aim to develop
adaptive abilities through exposure to a variety of motor situations. In this respect, the
principles of INNOAGON are consistent with the modern understanding of motor learn-
ing, as they emphasise the ability to adapt responses to the changing conditions of every-
day life. However, there is still a lack of experimental research allowing for a comparison
of this model’s effectiveness with more established theories of motor learning.

Another point of reference is contemporary models of injury prevention. Of particu-
lar significance here are van Mechelen’s [8] injury prevention sequence (1992), Finch’s
TRIPP translational model for sports injury research [42], and the multifactorial approach
by Bahr and Krosshaug [43]. These models focus on identifying risk factors, analysing
injury mechanisms and evaluating the effectiveness of the interventions implemented. In
comparison, INNOAGON adopts a more pedagogical and behavioural perspective, em-
phasising the importance of preparing individuals to act effectively in hazardous situa-
tions. Its strength lies in taking into account protective behaviours and reactions already
undertaken during the fall itself. At the same time, there is still a lack of high-quality pro-
spective studies confirming the superiority of this approach over classical models of injury
epidemiology.

The principles of INNOAGON can also be analysed in relation to the World Health
Organisation’s (WHO) Healthy Ageing model. The WHO defines healthy ageing as the
process of developing and maintaining functional abilities that enable well-being in older
age [44]. In this model, physical abilities, cognitive functions, autonomy, social participa-
tion and the ability to adapt to the environment are of key importance. Exercises inspired
by martial arts and safe-fall training can support all these areas by developing balance,
functional fitness, cognitive-motor skills and a sense of agency. Unlike INNOAGON,
however, the WHO model has a much stronger evidence base and is more widely ac-
cepted in international health policy.

From a gerontological perspective, the INNOAGON model offers a new perspective
on the issue of falls. Instead of an approach focused solely on reducing risk factors, it pro-
poses developing adaptive skills that enable effective responses to hazards encountered
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in everyday life. Of particular importance here are exercises inspired by martial arts,
which simultaneously help to develop balance, spatial awareness, reaction speed, pos-
tural control and the ability to fall safely. Appropriately modified forms of such exercises
can be successfully incorporated into physical activity programmes for older adults, be-
coming an important tool for supporting active ageing and maintaining functional inde-
pendence.

In light of the principles of innovative agonology, effective fall prevention should not
be limited solely to attempts to eliminate the event itself. It is equally important to prepare
people to cope with situations that cannot be entirely avoided. The INNOAGON model
suggests that a combination of health education, cognitive-motor training and safe-fall
training can form the basis of modern prevention programmes, particularly in relation to
ageing populations.

The INNOAGON framework provides a novel conceptual perspective that extends
traditional fall-prevention approaches beyond risk-factor reduction by emphasising adap-
tive behaviour, decision-making and preparedness for unavoidable hazardous situations.
Although promising, further independent empirical validation is required before the
framework can be considered an established evidence-based model for healthy ageing
and fall prevention.

A notable limitation of the current evidence base is the insufficient reporting of
safety-related outcomes. Most studies focused on balance performance, motor skills, or
injury-risk indicators, whereas adverse events, intervention-related injuries, adherence,
and supervision procedures were rarely described. Therefore, although safe-fall training
appears promising, its safety profile in older adults cannot yet be considered fully estab-
lished. Future intervention studies should include systematic monitoring of adverse
events and detailed descriptions of training progression and safety procedures.

3.5. Limitations

When interpreting the results of this narrative review, several limitations should be
taken into account. Firstly, the review methodology did not adhere to a systematic review
protocol and may therefore be subject to selection bias. Secondly, the available evidence
on martial arts-based interventions in older adults remains heterogeneous in terms of
training protocols, participant characteristics and outcome measures. Thirdly, the scien-
tific evidence supporting the INNOAGON model is still evolving and derives largely from
studies conducted by a limited number of research groups. Consequently, caution should
be exercised when generalising these findings to wider populations. Future randomised
controlled trials and multicentre studies are warranted to establish the effectiveness of
these approaches. Additionally, most included studies evaluated functional, biomechani-
cal, or behavioural outcomes rather than clinically meaningful endpoints such as fall-re-
lated injuries, fractures, hospitalisations, or long-term disability. This limitation restricts
the ability to draw firm conclusions regarding the real-world clinical effectiveness of mar-
tial arts-derived interventions.

4. Conclusions

Safe-fall training represents a promising adjunct to contemporary fall-prevention
strategies for older adults. Current evidence suggests that martial arts-derived interven-
tions may improve several factors associated with fall risk and injury mitigation, includ-
ing balance, mobility, dual-task performance, fall-related self-efficacy, and the adoption
of safer movement responses during loss-of-balance situations. These adaptations may
enhance physical preparedness for fall-related events and support the maintenance of
functional independence in later life.
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However, most available studies have assessed surrogate outcomes and mechanistic
indicators rather than clinically meaningful endpoints. Improvements in balance, gait, re-
action time, dual-task performance, or safe-falling skills should not be interpreted as di-
rect evidence of reduced fall incidence, fractures, or fall-related injuries. Similarly, favour-
able changes in indices such as SFI or STBIDF suggest greater preparedness for fall situa-
tions but do not, by themselves, confirm injury reduction under real-world conditions.

Consequently, safe-fall training should currently be viewed as a complementary
component of multifactorial fall-prevention programmes rather than a stand-alone injury-
prevention strategy. While the available evidence supports its theoretical and practical
value, definitive conclusions regarding its clinical effectiveness require further investiga-
tion.

Future research should focus on well-designed prospective and controlled studies
evaluating clinically relevant outcomes, including fall incidence, injury rates, fractures,
healthcare utilisation, and the preservation of independence and quality of life among
older adults. Particular attention should also be given to determining whether improve-
ments observed in laboratory-based functional measures translate into meaningful bene-
fits in real-world fall situations.

Practical Implications

Fall prevention programmes may include not only balance and muscle strength train-
ing, but also safe-fall training.

Exercises inspired by martial arts should be adapted to the participants’ age, fitness
level and state of health, eliminating elements of competition and physical contact.

Exercises that integrate motor and cognitive tasks (dual-task exercises) are particu-
larly recommended, as they reflect everyday situations in which falls most commonly oc-
cur.

Elements of safe-fall can be implemented in day centres, universities of the third age,
long-term care facilities and geriatric physiotherapy programmes.

Training for physiotherapists, coaches and instructors of activities for older adults
should include the basics of teaching safe-falling and the use of exercises derived from
martial arts.

Further research is needed to assess the long-term impact of safe-fall training on the
incidence of fractures, hospitalisations and loss of independence in the older population.
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