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Abstract

Falls are a major cause of injury, hospitalization, functional decline, and loss of independence among
older adults. Current fall-prevention strategies rely on multifactorial interventions, including exercise,
medication optimization, vision assessment, and environmental modification. However, traditional
approaches often depend on periodic clinical evaluations and may not capture dynamic changes in
mobility and fall risk occurring during daily life. This mini review summarizes emerging technologies
and assistive devices for fall prevention, focusing on their clinical applications, current evidence, and
implementation challenges.
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Introduction

Falls are among the most prevalent and potentially preventable threats to the health and
independence of older adults. They contribute significantly to major injuries, emergency
department visits, hospitalizations, functional decline, and loss of autonomy. The incidence of
falls increases with factors such as frailty, cognitive impairment, multimorbidity, polypharmacy,
and advancing age, establishing fall prevention as a central priority in geriatric care [1,2].

The consequences of a fall extend beyond the immediate incident. Even in the absence of
serious injury, many older adults develop a fear of falling, restrict daily activities, experience
reduced strength and confidence, and face increased social isolation. Fall risk typically arises
from multiple interacting factors, including intrinsic vulnerabilities such as impaired balance,
muscle weakness, cognitive changes, vision impairment, chronic disease, and medication
effects, as well as extrinsic hazards present in the home or community environment. Due to
the interplay of these risks, effective prevention generally requires a multifactorial approach
that addresses both individual and environmental factors [1,3].

Established strategies such as exercise and balance training, medication review, vision
optimization, footwear assessment, and environmental modification remain fundamental to
fall prevention. However, conventional fall-risk assessments often rely on brief, clinic-based
evaluations, including gait speed testing, balance assessment, and the Timed Up and Go
test. While these tools yield valuable information, they may fail to capture daily fluctuations
in mobility, fatigue-related instability, near-falls, and environmental barriers encountered
outside controlled clinical settings [1,4-9].
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Emerging digital health technologies have the potential
to address these limitations by extending assessment and
intervention into daily life. These technologies generate objective
data on movement patterns, activity levels, functional decline, and
environmental risk. With appropriate validation and integration
into clinical care, such tools may facilitate earlier identification of
fall risk and support more individualized prevention strategies [10-
14]. This mini review examines emerging technologies and assistive
devices for fall prevention in older adults, with particular emphasis
on their clinical applications, current evidence, implementation
barriers, and potential roles as complements to comprehensive
geriatric assessment.

Emerging Technology Domains in Fall Prevention
Digital mobility monitoring and risk prediction

Wearable sensors are commonly used for digital mobility
monitoring in older adults. These devices use motion sensors,
such as accelerometers and gyroscopes, to track walking, activity
levels, balance changes, and near-falls during daily life. Clinic-
based mobility tests provide a snapshot of an individual’s mobility,
whereas wearable devices enable longitudinal monitoring.
Alterations in gait, decreased activity, or instability may serve
as early indicators of functional decline and increased fall risk
[10,11]. Artificial intelligence and machine learning algorithms can
identify patterns predictive of future falls. These systems integrate
movement data with additional risk factors, including age, frailty,
medication use, and fall history, to provide individualized fall
risk estimates [12,13]. Despite their potential, these technologies
have not been widely adopted in routine clinical practice. Barriers
include challenges with device adherence and maintenance, data
management, algorithm validation, and integration into standard
healthcare workflows [10,12,13].

Smart environments and passive monitoring

Passive monitoring may be an effective alternative for
individuals who have difficulty using wearable devices, including
older adults, those with memory impairments, or individuals with
limited technological proficiency. Smart-home systems monitor
daily activities through motion sensors, radar systems, pressure
sensors, and environmental sensors, without requiring any user

intervention [13,14]. These systems can detect changes in gait,
transitions from sitting to standing, nighttime movement, and
alterations in daily routines. Such changes may signal a decline in
functional capacity or an increased risk of falls. Additionally, these
systems can facilitate safety enhancements, such as improved
nighttime lighting or alerts for hazardous movement patterns
[14]. Despite their potential, these technologies are not yet widely
adopted. Barriers to implementation include high costs, privacy
concerns, the requirement for home installation, and limited
evidence demonstrating their effectiveness in reducing falls or
other significant health outcomes [3,14].

Technology-Enhanced rehabilitation

Exercise and balance training remain the most effective
strategies for fall prevention. Emerging technologies can enhance
these programs by offering feedback, modulating difficulty, and
incorporating cognitive tasks [1,4,15]. Virtual reality, interactive
exercise games, and digital rehab programs enable older adults to
practice balance and movement in safe, simulated settings. These
tools can improve confidence, reaction time, walking ability, and
the ability to move while doing another task [15,16]. Dual-task
situations, in which walking is combined with a simultaneous
cognitive or attentional demand, can increase instability in older
adults. Training both physical and cognitive components may
therefore be useful. However, the extent to which these technologies
reduce actual falls remains uncertain, and further research is
needed [16].

Intelligent assistive devices

Canes and walkers continue to serve as fundamental tools for fall
prevention. Their effectiveness depends on appropriate selection,
consistent use, and sufficient training. Recent innovations, including
smart walkers and sensor-equipped footwear, integrate advanced
sensors and safety features to improve mobility. These technologies
can detect obstacles and monitor gait and balance [9,17,18].
Although these devices demonstrate potential in preventing falls,
existing research is limited. Common barriers include high cost,
complex design, user discomfort, and the need for individualized
training. Table 1 summarizes these technologies and outlines their
potential applications in clinical care [17,18].

Table 1: Emerging technologies and assistive devices for fall prevention in older adults.

Abbreviations: Al: Artificial Intelligence; IMU: Inertial Measurement Unit; VR: Virtual Reality

Technology Examples Pr:‘;:m::;::fal Ev;:::lce Major Advantages Key Limitations
. - Objective assessment of Requires adherence,
Wearable sensors Accelerometers, Continuous monitoring mobility; early detection charging, and
gyroscopes, smartwatches, | of gait, balance, physical | Moderate AR - . 2
(IMUs) wearable motion sensors activity. and near-falls of decline; individualized interpretation of large
¥ monitoring datasets

Sma.r.tphone-based Gait an.alys-15 apps, activity Remo.t.e momtorl.ng of Emerging Low-cost; widely available Varlaple accuracy; digital
mobility assessment monitoring platforms mobility and activity literacy barriers
Artificial intelligence P.redlctlve algorlt}.m.qs Individualized fall-risk . Integrates multiple risk Yalldatlon, b.lz.as,
using sensor and clinical L Emerging interoperability

(AD prediction factors
data challenges
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. Passive monitoring of . . . . .
Smart-home Motion, radar, pressure 5 Emerging- | Minimal patient effort; useful | Installation cost; privacy;
. movement and home . . L
monitoring sensors safety Moderate in frailty limited outcome data
Environmental Automated lighting, bed- Reduction of Limited- . . Dependent on
. . . Improves nighttime safety . .
safety technologies exit sensors environmental hazards Moderate implementation
. VR rehabilitation, balance Balance and cognitive- Improves balance, gait, Cost; supervision;
VR and exergaming o Moderate . .
platforms motor rehabilitation engagement uncertain fall reduction
S . Home-based fall- . Technology and
Tele-rehabilitation Remote PT and exercise - Emerging Improves access . gy .
prevention reimbursement barriers
Smart walkers and . . e .
rollators Sensor-assisted walkers Safer ambulation Early Improves stability Cost; complexity
Smart footwear and S . .
. Pressure-sensing insoles, . . . . . Limited evidence;
sensor-equipped Monitor gait mechanics Early Real-time gait feedback .
feedback canes usability
canes
Robotic
e s Robotic gait trainers, . e s Supports intensive High cost; limited
rehabilitation 8 Mobility rehabilitation Early ppors Inte g1 cost; I
devices exoskeletons rehabilitation availability

Challenges and Barriers to Clinical Implementation
Patient adherence and digital accessibility

Many technology-based interventions require active
participation, including device use, charging, maintenance, and
interpretation of feedback. These requirements may be challenging
for older adults with cognitive impairment, frailty, visual limitations,
or limited technological familiarity [3,13,14]. Future technologies
should prioritize simplicity, passive monitoring, and user-centered
design. Systems requiring minimal patient interaction may be

particularly valuable for individuals at highest risk of falls [3,13,14].

Clinical integration and data interpretation

Continuous monitoring generates large volumes of information.
However, data collection alone does not improve outcomes unless
clinicians can translate information into meaningful interventions
[12,13]. Future systems should provide clinically relevant
summaries that identify decline in mobility and trigger appropriate
responses, such as physical therapy, medication review, or home
safety assessment. Integration with electronic health records will
be essential [12,13].

Privacy, cost and health equity

Smart-home monitoring and continuous surveillance
technologies raise concerns regarding privacy, autonomy, and
patient acceptance. Transparent communication regarding data
collection and appropriate safeguards will be necessary [3,14].
Cost remains another major barrier. Device expenses, installation
requirements, and limited reimbursement may restrict access.
Implementation strategies should ensure that technological

advances do not worsen disparities among older adults [3,14,18].
Evidence gaps

Although many technologies improve surrogate outcomes such
as gait parameters, balance measures, and activity levels, evidence
demonstrating reductions in falls, fractures, emergency visits, or
hospitalization remains limited. Future research should prioritize
clinical trials evaluating patient-centered health outcomes
[2,10,12,14,16,18].

Future directions

The future of technology-assisted fall prevention will likely
involve the integration of multiple technologies rather than isolated
devices. Combining wearable sensors, smart environments, Al
analytics, and clinical information may allow for more accurate
prediction of fall risk and personalized interventions [12-
14,18]. Future priorities include the development of affordable
technologies, validation across diverse older adult populations,
improved integration with healthcare systems, and evaluation in
real-world clinical settings [12-14,18]. Technology should remain
integrated within comprehensive geriatric care models that include
exercise, medication optimization, environmental modification,
and multidisciplinary management [1,2,4-8,15,19].

Discussion

Emerging technologies have broadened fall-prevention
strategies by enabling continuous mobility assessment, remote
monitoring, and personalized interventions that surpass traditional
clinic-based evaluations. Conventional assessments offer only a
limited snapshot of functional status, while digital tools can monitor
changes in gait, balance, activity, and environmental interactions
throughout daily life. The shift to continuous monitoring may
enable earlier identification of individuals at increased risk of falls,

potentially before significant decline or injury occurs [10-14].

Wearable sensors are among the most extensively studied
technologies for objectively measuring gait, physical activity, and
mobility patterns in real-world environments. Virtual reality and
exergaming interventions have shown benefits for balance and gait
performance; however, their effect on reducing fall rates remains
less certain. In contrast, artificial intelligence prediction models,
smart-home monitoring systems, and intelligent assistive devices
are promising but remain limited by variable validation, feasibility-
focused evidence, or early-stage clinical research. Further
prospective studies are necessary to determine whether these
technologies improve patient-centered outcomes, such as falls,
fractures, hospitalization, and loss of independence [10-14, 16-18].
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Successful implementation requires more than technological
advancement. Routine adoption in geriatric care depends on
usability, patient acceptance, affordability, compatibility with
electronic health records, and integration into multidisciplinary
care pathways. Older adults with frailty or cognitive impairment,
who are at the highest risk of falls, may encounter significant
challenges in consistently using wearable or interactive
technologies. For these populations, passive monitoring and user-
centered designs that minimize patient burden may offer particular

benefit [3,13,14,17,18].

Technology should function as an adjunct rather than a
replacement for comprehensive fall-prevention strategies. Strength
and balance training, medication optimization, vision assessment,
chronic disease management, and home safety modifications
remain the foundation of prevention. Emerging digital tools may
enhance these interventions by providing objective longitudinal
data, supporting earlier recognition of mobility decline, and
enabling more individualized clinical decision-making [1,2,4-
9,15,19].

As digital health advances, future research should prioritize
pragmatic clinical trials, standardized outcome measures, and
cost-effectiveness analyses that reflect real-world geriatric care.
Collaboration among clinicians, engineers, rehabilitation specialists,
and health systems is essential to ensure that these innovations
result in measurable improvements in mobility, independence, and
quality of life for older adults [2,12,14,16,18].

Conclusion

Emerging technologies and assistive devices provide new
opportunities to advance fall prevention among older adults by
enabling continuous monitoring, early identification of mobility
decline,and individualized intervention. Wearable sensors, Al-based
analytics, smart-home systems, virtual rehabilitation, and mobility
aids may extend the capabilities of traditional geriatric assessment
[10-14,16-18]. However, implementation requires
careful attention to quality, usability, privacy, affordability, and
clinical integration. The greatest benefit will come from combining
technological innovation with established multidisciplinary fall-
prevention strategies to preserve mobility, independence, and
quality of life among older adults [1,2,12-14,16-18].

successful
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