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Abstract

Falls are a serious problem confronting older adults. Evidence demonstrates that multifactorial interventions that target multiple risk factors can
reduce falls. However, resource and access constraints affect intervention uptake and sustainability. In comparison, digitally enabled interven-
tions have the potential to provide greater support and convenience whilst being tailored to an individual. Although digital advancements present
an opportunity to improve access, scalability, and sustainability, there is limited knowledge on how to digitally enable traditional interventions.
In this article, we summarize the academic literature on digital falls prevention and propose future research directions for digital falls prevention.
We examine barriers and enablers to digital falls prevention in aged care, although, given the scarcity of evidence, we draw on lessons from

other digital healthcare innovations.
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Falls are an unsolved problem affecting older people, fam-
ily caregivers, health and aged care providers, and gov-
ernments internationally. Falls are the leading cause of
emergency department presentations (Shankar et al., 2017)
and injury hospitalizations in older adults aged 65 years and
older (Australian Institute of Health and Welfare, 2022)
and trigger a cascade of poor health outcomes resulting in
morbidity and mortality (Vaishya & Vaish, 2020). Research
indicates multifactorial interventions—interventions of
two or more components tailored to the fall-risk profile of
the older person (Hopewell et al., 2018)—more effectively
reduce the rate of falls (Montero-Odasso et al., 2022) when
compared with single interventions (Hopewell et al., 2018).
Although short-term programs may be effective at reducing
falls, ongoing intervention is required to maintain benefits
(Sherrington et al., 2020). Implementation of multifactorial
interventions is resource intensive constraining scalability
and sustainability (Close & Lord, 2022). In contrast, the
adoption of digital tools provides opportunities to effi-
ciently scale falls prevention interventions (Cao et al., 2022;
Chan et al., 2021).

As technology advanced, digital interventions were iden-
tified as having potential to improve falls prevention and
detection in community-dwelling older adults (Lord & Close,
2018). The Nonadoption, Abandonment, Scale-up, Spread,
and Sustainability (NASSS) framework (Greenhalgh et al.,
2017,2020) is an evidence-based, theory-informed, and prag-
matic framework, developed to help design, implement, and
evaluate digital health or social care interventions. It consists
of seven domains that outline aspects to be considered when
developing a technology-based intervention. These include
details about the condition or illness, the technology, the
value proposition, the adopter system (comprising profes-
sional staff, patient, and informal caregivers), the organiza-
tion(s), the wider (institutional and societal) context, and the
interaction and mutual adaptation between all these domains
over time (Greenhalgh et al., 2017).

The NASSS framework examines the dynamic inter-
play between the stakeholders, system, and context of a
technology-based intervention to provide a nuanced percep-
tion of the determinants, processes, and outcomes (Abell et
al., 2023). The NASSS framework has been demonstrated to
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have external validity to map implementation determinants
within health settings. A series of complexity assessment
tools (CAT) have been created to facilitate utilization of the
NASSS framework as it was designed for academic analysis
as opposed to as a practical tool (Greenhalgh et al., 2020).
The NASSS-CAT tools include a short version for initial inter-
est gauging, a long version for detailed project planning and
stakeholder discussion, a short version, a project version for
ongoing complexity monitoring, and a semistructured inter-
view version for research or evaluation. Given the utility of
the NASSS framework for implementing technological inter-
ventions and the opportunity for digital falls prevention, the
NASSS framework could be a valuable tool in guiding digital
falls prevention strategies.

We set out to examine the evidence about new and
emerging digital interventions to prevent falls for
community-dwelling older adults. Working in partnership,
researchers at Monash University and Silverchain —a large
Australian in-home care provider—sought to guide research
and practice in this area by answering the following research
questions: What digital falls prevention interventions in the
community context align with NASSS domains? What can
we learn from digital health broadly applied to NASSS to
inform digital falls prevention?

Digital Falls Prevention

A comprehensive evidence-base highlights the importance of
exercise in falls prevention amongst older adults, with several
options to digitally enable exercise, including exergames, tele-
health, and virtual delivery (Ambrens et al., 2022). In Table 1
we provide an overview of identified digital falls prevention
interventions for community-dwelling older adults mapped to
the first four domains of the NASSS framework and described
further below.

Exergames

Exergames combine exercise interventions with the interactive
and adaptive elements of video games (Nawaz et al., 2015).
Two systematic reviews and meta-analyses demonstrated
that exergames lead to a 9% reduction in falls incidence for
at-risk older adults and improved dynamic balance (Chen et
al.,2021; Lapierre et al., 2023). Additionally, exergames have
been demonstrated to be safe (Alhagbani & Williams, 2021),
acceptable with mostly positive attitudes, engagement, and
satisfaction, and user-friendly when the game is designed for
older adults (Buyle et al., 2022; Ning et al., 2022). Research
on exergames typically employs the Wii exergame platform
and occurs in facilities (e.g., hospitals, rehabilitation facilities,
retirement homes, and community centers) with supervision
by staff, which enhances the cost-benefit (Afridi et al., 2021;
Alhagbani & Williams, 2021; Ge et al., 2022; Stanmore et
al., 2019). Further research is required to examine exergame
effectiveness in an unsupervised, home-based setting and
the cost implications of this approach (Afridi et al., 2021;
Alhagbani & Williams, 2021).

Telehealth and Exercise

Telehealth and exercise utilize telecommunication to provide
support and advice to foster continued participation in exer-
cise (Chan et al., 2021). This enables health professionals
to virtually assess older adults and offer advice and encour-
agement, enhancing adherence and improving performance
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(Chan et al., 2021; Zhang et al., 2023). Evidence indicates
that this combination significantly improved balance by 62%
(Chan et al., 2021). Whilst was not being statistically signifi-
cant, the reduced falls risk of 16% was similar to that of face-
to-face exercise programs (Chan et al., 2021).

Virtual Exercise Program

Virtual exercise programs utilize websites and apps to sup-
port, motivate, and monitor older adults’ participation in
exercise. Individuals are guided via videos, oral directions,
and written instructions (van het Reve et al., 2014). The “vir-
tual gym” requires an electronic device and exercises are tai-
lored to individual needs and ability, with difficulty increases
aligned to participant’s improvements (Ambrens et al., 2022;
Chan et al., 2021). Some virtual exercise programs require
equipment (e.g., stepping box) that is supplied (Ambrens
et al., 2022). Motivational messages may also be included,
whereby participants interact with trainers and/or other indi-
viduals engaging in exercise via online communities (Chan
et al., 2021; Silveira et al., 2013). Virtual exercise programs
facilitate balance and strength exercises in an accessible, con-
venient, and cost-effective way (McGarrigle et al., 2020). The
social aspect of virtual exercise programs has been shown to
enhance engagement and enjoyment (Baez et al., 2017; Chan
et al.,, 2021) and addresses social isolation in older adults
(Chen & Schulz, 2016). In summary, the benefits of these
digitally enabled falls prevention exercises are threefold: per-
sonalized exercises, motivational support, and socialization

(Chan et al., 2021).

Smart Home Systems

Smart home systems encompass a variety of innovative tech-
nologies including ambient assisted living, ambient intelli-
gence, artificial intelligence, partial assistive technologies,
information and communication technology, and the Internet
of Things (Marikyan et al., 2019). For older adults, the pur-
pose of these technologies is to improve personal safety,
monitor health, expand social interactions, and increase liv-
ing environment control (Johnny & Leung, 2016). A smart
home system can facilitate the detection and elimination of
environmental hazards (Chan et al., 2021). For example,
an automated guiding light to prevent falls during the night
(Tholking et al., 2020).

Falls Detection Systems

Falls detection and prevention systems consist of sensors and
a monitoring device to detect changes in movement that may
indicate a fall and trigger an alert to a caregiver/family mem-
ber that assistance may be required (Torres-Guzman et al.,
2023). This identification of changes can prompt proactive
falls risk review and implementation of prevention strategies.
These systems provide increased safety and reassurance for
older adults to continue living independently in the commu-
nity (Torres-Guzman et al., 2023). Falls detection and preven-
tion systems can be classified as either ambient, wearable, or
a hybrid system (Singh et al., 2020).

Ambient systems

An ambient system employs cameras and stationary sensors
to monitor an individual (Usmani et al., 2021). However, this
type of system has limited coverage, with no protection for
the older adult when external to the observation area (Usmani
et al., 2021). Ambient systems also have potential blind spots
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Table 1. Digital Falls Prevention Interventions Mapped to the Condition, Technology, Value Proposition, and Adopter Domains of the Nonadoption,
Abandonment, Scale-Up, Spread, and Sustainability Framework

Digital falls
intervention

Condition—Nature

of condition or

illness, comorbidities,
sociocultural influences

Technology—M aterial features, type
of data generated, knowledge needed

to use, technology supply model

Value proposition—supply-
side value (to developer),
demand-side value (to
patient/client)

Adopters—staff (role, identity),
patient/client (simple vs complex
input), carers (available nature of
input)

-Shown to be beneficial
in studies involving
healthy older adults
but limited research
amongst older adults
with one or more
comorbidities.

-Inconclusive evidence
on effect of fall history
due to limited report-
ing.

Exergames

Telehealth
and Exer-
cise

-Mostly healthy older
adults participated in
individual studies on
falls.

-Studies that did not
focus on falls involved
participants with
comorbidities.

-Inconclusive evidence
on effect of fall history
due to limited report-
ing.

Virtual
exercise
program

-Shown to be beneficial
in studies involving
healthy older adults.

-Some reporting on the
effect of fall risk but
what constituted “fall
risk” was undefined.

-Shown to be beneficial
in studies involving
healthy older adults.

-Inconclusive evidence
on effect of fall history
due to limited report-

ing.

Smart home
systems

-Requires access to exergame

platform, exergame software, and

screen.
-Requires sufficient technological

proficiency to set up and operate.

-Many different exergames and
platforms are available and most
reviews group the different types

together—inconclusive evidence of

specific exergames.

-Requires access to a telecommuni-
cation device and stable internet
connection.

-Requires adequate technological

proficiency to operate the telecom-

munication device.

-Requires access to necessary device
and stable internet connection.

-May require access to exercise
equipment for some virtual exer-
cise programs.

-Requires adequate technological
proficiency to navigate website
or app.

-Requires access to technologies

throughout the home.

-Following installation by a profes-

sional, smart home systems do

not require older adults to possess

technological proficiency.

-Shown to reduce fall risk
and improve balance in
older adults.

-Effectiveness, safety and
cost-effectiveness value
for older adults have
been shown in retire-
ment homes, community
centers, hospitals, and
other facilities with staff
supervision.

-Inconclusive effective and
cost-effectiveness evi-
dence of value for older
adults in home-based
settings.

-Shown to improve older
adults exercise technique
with health professional’s
guidance and adherence
to reduce falls risk.

-Access to health profes-
sionals without needing
to travel to a medical
facility, which is pertinent
for older adults who
might fear the spread of
infection particular after
the COVID-19 pandemic.

-Access to services that may
not be locally available
for all older adults.

-Shown to be accessible and
cost-effective for older
adults with the necessary
technology.

-Access to exercise pro-
grams without any travel
required from older
adults.

-Virtual exercise programs
can have a social aspect

that enhances engagement

and reduces social isola-
tion for older adults.
-Professionals are able
to run virtual exercise
programs with reduced
expenses compared to
in-person exercise pro-
grams.

-Shown to reduce falls

occurrence whilst
facilitating older adults
to remain independent
within their home.

-Procurement, installation,

and maintenance costs
can be significant and
might outweigh the value
of the reduced falls to
older adults.

-Older adults must actively
engagement with exergame
technology.

-Shown to be acceptable and user-
friendly for older adults.

-Older adults need support select-
ing exergame software/platform
and engaging with exergames
initially, such as supervision
while learning the technology.

-Older adults must actively engage
with the telehealth and exercise.

-Older adults’ acceptance of tele-
health is becoming increasingly
prominent, with cost and time
savings.

-Telehealth interventions have
been shown to be acceptable
and cost-effective to health
professionals.

-Older adults must actively engage
with virtual exercise programs.

-Older adults’ acceptance of tech-
nology is increasing, with cost
and time savings associated.

-The social element of virtual
exercise programs may motivate
sustained engagement and social
connection, which may contrib-
ute to adoption by older adults.

-Smart home systems can be
designed to reduce fall risk
through automated processes
that do not require active
engagement from older adults
or behavior/lifestyle changes.

-Older adults must have a stable
home environment that can be
modified as necessary to install
technologies.
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Digital falls  Condition—Nature Technology—Material features, type Value proposition—supply- Adopters—staff (role, identity),
intervention  of condition or of data generated, knowledge needed side value (to developer), patient/client (simple vs complex
illness, comorbidities, to use, technology supply model demand-side value (to input), carers (available nature of
sociocultural influences patient/client) input)
Falls -Reviews focused on the  -Requires access to sensors. - Shown to detect falls while -Ambient fall detection systems
detection technology rather than -Requires access to software and facilitating older adults and sensors require passive
systems falls. someone with a device that can to remain independent input from older adults.
(ambient, -The technology was receive an alert if the sensors within their home and/ -Fall detection systems with
wearable, tested in adults of all detect a fall. or community—different wearable sensors require active
hybrid) ages. systems have different engagement in terms of older

adults keeping the sensors on
their person and charging the
battery as required.

-Family/caregivers must be pre-
pared for falls and act when an
alert is triggered.

-Fall detection systems can be
expensive and may prohibit
adoption by older adults.

value depending on the
older adult’s lifestyle.

-Some older adults may feel
this value is outweighed
by the belief these sensors
compromise their privacy.

-Provide security to family/
caregivers knowing they
will be notified of falls
and help if needed.

and are traditionally expensive to install (Singh et al., 2020).
Older adults may dislike feeling observed and their privacy
compromised (De Miguel et al., 2017; Torres-Guzman et al.,
2023). Therefore, ambient falls detection systems may not be
feasible and/or acceptable for all older adults.

Wearables

Wearables utilize motion sensors attached to individuals, such
as gyroscopes and accelerometers, to monitor falls and rec-
ognize changes in risk factors (e.g., sleep patterns and blood
pressure) that may predict future falls (Rucco et al., 2018;
Sheikh et al., 2021). Unlike ambient systems, wearable device
usage is not confined to a specific location, making them
more feasible for activities of daily life. They are more afford-
able than ambient systems. However, wearables are limited
by device battery life (Rault et al., 2017), lifetime process-
ing power, and the requisite algorithm to interpret data to
identify falls, with many generating false alarms frequently
(Usmani et al., 2021). Moreover, wearable device usefulness
is restricted by whether the user wears them regularly (Singh
et al., 2020).

An alternative to traditional wearable devices is to capital-
ize on sensors integrated into smartphones (Torres-Guzman
et al., 2023). Many older adults own a smartphone, making
it an accessible, cost-effective, and acceptable option with
users more likely to have it with them while carrying out
activities of daily life compared to other sensors (Torres-
Guzman et al., 2023). Further research is required to test
falls detection ability according to smartphone position
(Torres-Guzman et al., 2023) and to validate the use of
smartphones against gold-standard methods, particularly
in older adult populations with greater falls risk (Roeing et
al., 2017). Technological advances are necessary to enhance
usability, such as improving power consumption to enable
the battery to last throughout the day (Stampfler et al.,
2022). Like other wearables, smartphone sensors are lim-
ited by whether the device is on the person. There are times
whilst at home when a device may not be on the person,

such as during the night, rendering them incapable of detect-
ing falls at this time.

Hybrid fall detection systems

Hybrid fall detection systems utilize different ambient and/
or wearable sensors to significantly improve falls detection
capabilities (Singh et al., 2020). Whilst these systems have
the potential for improved reliability and minimizing gaps
in coverage, compromise is needed between sensitivity and
accuracy. Increased sensitivity detects low-impact falls but
prompts false alarms, whereas highly accurate systems may
overlook some fall events (Singh et al., 2020). This novel
approach requires further research. The additional sensors
and the computational costs to fuse and process the exten-
sive data come at greater expense than a simpler system
(Koshmak et al., 2016), making them an unrealistic option
for many community-dwelling older adults.

Digitally Enabling Multifactorial
Interventions—What Are the Benefits?

Systematic reviews and meta-analyses have demonstrated that
digital approaches to falls prevention enhanced adherence,
objective monitoring, and older adults motivation through
feedback, education, guidance, and remote support (Hughes
et al., 2018). Many studies employed composite strategies to
enhance adherence suggesting that a multifactorial approach
to adherence, as well as multifactorial interventions, may be
appropriate to optimize effectiveness (Hughes et al., 2018).
Technology has the potential to offer more support than tra-
ditional approaches, with a recent study comparing a digital
and paper-delivered exercise program finding that the digital
group reported a significantly higher degree of feeling sup-
ported and content (Mansson et al., 2020). Digitally enabled
care can be more convenient than traditional interventions
as it can be delivered in homes without distance restricting
access (Yang et al., 2022) and has great capacity to be per-
sonalized to an individual’s abilities, needs, and preferences,
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which may increase adoption amongst older adults (Fabbrizio
et al., 2023).

Older adults are increasingly technologically literate with
interventions to maintain independence, improve their quality
of life and support a healthy lifestyle (Kaur & Chen, 2022).
However, a technology’s effectiveness for this population is
contingent on the usability of the interface, with many phys-
ical and cognitive training applications unsuitable for older
adults (Kaur & Chen, 2022). Usability must be considered
during software development to ensure it is appropriate for
older adults with diverse cognitive and physical abilities.
Many applications and websites for falls prevention exercises
exist, but knowledge of the effectiveness of these specific pro-
grams and the amount of support and motivational elements
required to support online delivery is limited (McGarrigle et
al., 2020).

Above we have outlined emerging digital strategies, how-
ever, recent reviews have not captured the effectiveness of
digital or technology-based elements within multifactorial
falls prevention. Furthermore, there is limited understanding
of implementation strategies of digitally enabled interven-
tions for sustainment, scalability, and adherence. This pau-
city of research and knowledge means we need to consider
comparable interventions to provide insights into implemen-
tation and impact in real-world settings, including recent
learning from the coronavirus disease 2019 (COVID-19)
pandemic.

Lessons Learnt From Other Digital
Interventions for Older Adults

The spread, scale-up, and sustainability of video consulting in
healthcare in response to COVID-19 revealed mixed results
of early adoption, acceptability, safety, and effectiveness for
the management of health conditions (James et al., 2021).
The enablers of spread and scale-up included operational
elements, such as reimbursement mechanisms, user-friendly
technology, ability to adapt technology and service models,
and leadership elements such as embedded leadership, lever-
aging preexisting staff relationships, and the role of champi-
ons (James et al., 2021). Challenges were related to service
development, including absence of long-term strategic plan-
ning, resistance to change, cost and reimbursement, the tech-
nical experience of staff and limited articulation of scale-up
and spread of video consultations complications (James et
al., 2021). Overall, the review reported a lack of evidence
that can support the spread and scale-up of video consulting
(James et al., 2021); however, with emerging evidence from
COVID, this is likely to change (Getachew et al., 2023).
Another technological advance in healthcare delivery is
the virtual healthcare/hospital model, enabling healthcare
organizations to deliver care at a distance (Li et al., 2021;
Merchant & Aprahamian, 2022). It is achieved by delivering
care through a variety of “tele-modalities” such as automated
device-based telemonitoring, mobile telemonitoring, inter-
active voice response technologies, video-consultation, and
web-based monitoring (Moore et al., 2020). It includes virtual
wards (supported by tele-modalities) and hospitals in-the-
home supported by healthcare professionals delivering ser-
vices within the community (Man Qing et al., 2021; Moore et
al., 2020). Evaluations of these interventions have happened
at a clinical and system level for a range of health conditions.
Benefits identified include improvements in clinical outcomes

and health system outcomes such as reduced hospitalization
rates (Li et al., 2021; Savira et al., 2023). Implementation
challenges with virtual healthcare include determining who
is delivering care and leveraging workforce strengths, coor-
dination and integration of care delivery, optimizing person-
centered care delivery and data and clinical governance
(Jessup et al., 2022; Norman et al., 2023). Lessons gleaned
from these and other comparable interventions should be
tailored and incorporated into future digital falls prevention
strategies.

Next Steps for Falls Prevention Research

The remaining domains of the NASSS framework—organi-
zation, wider system, and embedding adaption over time are
vital to sustain the digital revolution of falls prevention in
community aged care. In our examination of the evidence,
these domains were rarely included. Key areas for further
exploration and development include:

e Target population selection—do participants have a
high or low risk of falling? Often interventions targeted
healthy older adults with low falls risk. Falls prevention
interventions need to target individuals with higher risk
of falling to reduce the rate of falls.

e Technological proficiency—how proficient are older people
and what resources are required to support adaptation to
changing devices and technology (Schroeder et al., 2023)?

e Cost-effectiveness and equity of access to technology—
how will the integration of technology either widen or
close gaps in equity. Unequal access across population
groups has implications for digital health inequities
(Kepper et al., 2024). Additionally, the cost of updating
technology has sustainability implications both for pro-
viders and patients/clients.

Conclusion

We set out to examine the evidence about new and emerg-
ing digital interventions to prevent falls and considered their
feasibility for community-dwelling older adults. Whilst evi-
dence of individual digital intervention’s utility in preventing
falls exists, digital enablement’s effectiveness in multifactorial
interventions is inconclusive. Further research is required to
provide clarity on the effectiveness and feasibility of digitally
enabled multifactorial interventions.

Additionally, we see an absent or poorly developed body
of evidence informing digital falls prevention implementa-
tion. However, we can gain insights from other successful
technology-based interventions such as the virtual hospital
and telehealth innovations. Future research needs to exam-
ine the integration of interventions into activities of daily liv-
ing to improve adherence. With an extended focus on how
organization, community, and policy-level interventions (and
implementation of them) can foster sustainment, equity,
and scale-up opportunities. Applying valuable insights from
implementation science reveals a clear pathway to expanding
and guiding falls prevention research.

Funding
This work was supported by Silverchain Group Ltd.



Conflict of Interest

None.

Data Availability

Authors do not report data and therefore the preregistration
and data availability requirements are not applicable.

References

Abell, B., Naicker, S., Rodwell, D., Donovan, T., Tariq, A., Baysari,
M., Blythe, R., Parsons, R., & McPhail, S. M. (2023). Identifying
barriers and facilitators to successful implementation of comput-
erized clinical decision support systems in hospitals: A NASSS
framework-informed scoping review. Implementation Science,
18(1), 32. https://doi.org/10.1186/s13012-023-01287-y

Afridi, A., Rathore, F. A., & Nazir, S. N. B. (2021). Wii Fit for bal-
ance training in elderly: A systematic review. Journal of the College
of Physicians and Surgeons Pakistan, 30(5), 559-566. https://doi.
org/10.29271/jcpsp.2021.05.559

Alhagbani, A., & Williams, A. (2021). Home-based exergames for older
adults balance and falls risk: A systematic review. Physical & Occu-
pational Therapy in Geriatrics, 39(3), 241-257. https://doi.org/10.
1080/02703181.2020.1867286

Ambrens, M., Alley, S., Oliveira, J. S., To, Q., Delbaere, K., Vandel-
anotte, C., & Tiedemann, A. (2022). Effect of eHealth-delivered
exercise programmes on balance in people aged 65 years and over
living in the community: A systematic review and meta-analysis of
randomised controlled trials. BMJ Open, 12(6), e051377. https://
doi.org/10.1136/bmjopen-2021-051377

Australian Institute of Health and Welfare. (2022). Falls in older Aus-
tralians 2019-20: Hospitalisations and deaths among people aged
65 and over. https://www.aihw.gov.au/reports/injury/falls-in-old-
er-australians-2019-20-hospitalisation (2024, November 18, date
accessed).

Baez, M., Khaghani Far, L., Ibarra, E, Ferron, M., Didino, D., & Casati,
F. (2017). Effects of online group exercises for older adults on phys-
ical, psychological and social wellbeing: A randomized pilot trial.
Peer], 5, e3150. https://doi.org/10.7717/peerj.3150

Buyle, M., Jung, Y., Pavlou, M., Gonzalez, S. C., & Bamiou, D. E.
(2022). The role of motivation factors in exergame interventions
for fall prevention in older adults: A systematic review and meta-
analysis. Frontiers in Neurology, 13, 903673. https://doi.
0rg/10.3389/fneur.2022.903673

Cao, Y. T., Wang, J. J., Yang, Y. T., Zhu, S. J., Zheng, L. D., Lu, W.
W., Zhu, R., & Wu, T. (2022). Effect of home-based exercise
programs with e-devices on falls among community-dwelling
older adults: A meta-analysis. Journal of Comparative Effec-
tiveness Research, 11(16), 1201-1217. https://doi.org/10.2217/
cer-2022-0130

Chan, J. K. Y., Klainin-Yobas, P., Chi, Y., Gan, J. K. E., Chow, G., &
Wu, X. V. (2021). The effectiveness of e-interventions on fall, neu-
romuscular functions and quality of life in community-dwelling
older adults: A systematic review and meta-analysis. International
Journal of Nursing Studies, 113, 103784. https://doi.org/10.1016/j.
ijnurstu.2020.103784

Chen, Y., Zhang, Y., Guo, Z., Bao, D., & Zhou, J. (2021). Comparison
between the effects of exergame intervention and traditional phys-
ical training on improving balance and fall prevention in healthy
older adults: A systematic review and meta-analysis. Journal of
Neuroengineering and Rehbabilitation, 18(1), 164. https://doi.
org/10.1186/s12984-021-00917-0

Chen, Y. -R. R., & Schulz, P. J. (2016). The effect of information
communication technology interventions on reducing social
isolation in the elderly: A systematic review. Journal of Med-
ical Internet Research, 18(1), el8. https://doi.org/10.2196/
jmir.4596

The Gerontologist, 2025, Vol. 65, No. 4

Close, J. C. T., & Lord, S. R. (2022). Fall prevention in older people:
Past, present and future. Age and Ageing, 51(6), 1-5. https://doi.
org/10.1093/ageing/afac105

De Miguel, K., Brunete, A., Hernando, M., & Gambao, E. (2017).
Home camera-based fall detection system for the elderly. Sen-
sors (Basel, Switzerland), 17(12), 2864. https://doi.org/10.3390/
s17122864. https://www.mdpi.com/1424-8220/17/12/2864

Fabbrizio, A., Fucarino, A., Cantoia, M., De Giorgio, A., Garrido, N.
D., Tuliano, E., Reis, V. M., Sausa, M., Vilaga-Alves, J., Zimatore,
G., Baldari, C., & Macaluso, F. (2023). Smart devices for health
and wellness applied to tele-exercise: An overview of new trends
and technologies such as IoT and Al Healthcare (Basel, Switzer-
land), 11(12), 1805. https://doi.org/10.3390/healthcare11121805

Ge, L., Su, T. -T., An, Y., & Mejia, S. T. (2022). The effectiveness of
exergames on fear of falling in community-dwelling older adults:
A systematic review. Aging & Mental Health, 26(7), 1306-1317.
https://doi.org/10.1080/13607863.2021.1950615

Getachew, E., Adebeta, T., Muzazu, S. G. Y., Charlie, L., Said, B., Tes-
fahunei, H. A., Wanjiru, C. L., Acam, J., Kajogoo, V. D., Solomon,
S., Atim, M. G., & Manyazewal, T. (2023). Digital health in the
era of COVID-19: Reshaping the next generation of healthcare.
Frontiers in Public Health, 11, 942703. https://doi.org/10.3389/
fpubh.2023.942703

Greenhalgh, T., Maylor, H., Shaw, S., Wherton, J., Papoutsi, C., Betton,
V., Nelissen, N., Gremyr, A., Rushforth, A., Koshkouei, M., & Tay-
lor, J. (2020). The NASSS-CAT tools for understanding, guiding,
monitoring, and researching technology implementation projects
in health and social care: Protocol for an evaluation study in real-
world settings. JMIR Research Protocols, 9(5), €16861. https://doi.
org/10.2196/16861

Greenhalgh, T., Wherton, J., Papoutsi, C., Lynch, J., Hughes, G.,
ACourt, C., Hinder, S., Fahy, N., Procter, R., & Shaw, S. (2017).
Beyond adoption: A new framework for theorizing and evaluating
nonadoption, abandonment, and challenges to the scale-up, spread,
and sustainability of health and care technologies. Journal of Med-
ical Internet Research, 19(11), e367. https://doi.org/10.2196/
jmir.8775

Hopewell, S., Adedire, O., Copsey, B. J., Boniface, G. J., Sherrington,
C., Clemson, L., Close, J. C., & Lamb, S. E. (2018). Multifactorial
and multiple component interventions for preventing falls in older
people living in the community. Cochrane Database of Systematic
Reviews, 7(7), CD012221. https://doi.org/10.1002/14651858.
CD012221.pub2

Hughes, K. J., Salmon, N., Galvin, R., Casey, B., & Clifford, A. M.
(2018). Interventions to improve adherence to exercise therapy for
falls prevention in community-dwelling older adults: Systematic
review and meta-analysis. Age and Ageing, 48(2), 185-195. https:/
doi.org/10.1093/ageing/afy164

James, H. M., Papoutsi, C., Wherton, J., Greenhalgh, T., & Shaw, S. E.
(2021). Spread, scale-up, and sustainability of video consulting in
health care: Systematic review and synthesis guided by the NASSS
framework. Journal of Medical Internet Research, 23(1), e23775.
https://doi.org/10.2196/23775

Jessup, R. L., Awad, N., Beauchamp, A., Bramston, C., Campbell, D.,
Semciw, A., Tully, N., Fabri, A. M., Hayes, J., Hull, S., & Clarke,
A. C. (2022). Staff and patient experience of the implementation
and delivery of a virtual health care home monitoring service
for COVID-19 in Melbourne, Australia. BMC Health Services
Research, 22(1), 911. https://doi.org/10.1186/s12913-022-08173-
1

Johnny, W., & Leung, J. (2016). Modelling factors influencing the adop-
tion of smart-home technologies. Facilities, 34, 906-923. https:/
doi.org/10.1108/F-05-2016-0048

Kaur, A., & Chen, W. (2022). The usability of training apps for older
adults — A heuristic evaluation. In HCI International 2022 — late
breaking papers: HCI for health, well-being, Universal access and
healthy aging (pp. 1-12). Springer.

Kepper, M. M., Fowler, L. A., Kusters, 1. S., Davis, J. W., Bager, M.,
Sagui-Henson, S., Xiao, Y., Tarfa, A., Yi, J. C., Gibson, B., Heron, K.



The Gerontologist, 2025, Vol. 65, No. 4

E., Alberts, N. M., Burgermaster, M., Njie-Carr, V. P. S., & Klesges,
L. M. (2024). Expanding a behavioral view on digital health access:
Drivers and strategies to promote equity. Journal of Medical Inter-
net Research, 26, e51355. https://doi.org/10.2196/51355

Koshmak, G., Loutfi, A., & Linden, M. (2016). Challenges and issues in
multisensor fusion approach for fall detection: Review paper. Jour-
nal of Sensors, 2016, 1-12. https://doi.org/10.1155/2016/6931789

Lapierre, N., Um Din, N., Belmin, J., & Lafuente-Lafuente, C. (2023).
Exergame-assisted rehabilitation for preventing falls in older adults
at risk: A systematic review and meta-analysis. Gerontology, 69(6),
757-767. https://doi.org/10.1159/000528854

Li, C. Z., Borycki, E. M., & Kushniruk, A. W. (2021). Connecting the
world of healthcare virtually: A scoping review on virtual care
delivery. Healthcare (Basel), 9(10), 1325. https://doi.org/10.3390/
healthcare9101325

Lord, S. R., & Close, J. C. T. (2018). New horizons in falls prevention.
Age and Ageing, 47(4), 492-498. https://doi.org/10.1093/ageing/
afy059

Man Qing, L., Cher Wee, L., & Yi Feng, L. (2021). Comparison of
hospital-at-home models: A systematic review of reviews. BM] Open,
11(1), €043285. https://doi.org/10.1136/bmjopen-2020-043285

Mansson, L., Lundin-Olsson, L., Skelton, D. A., Janols, R., Lindgren,
H., Rosendahl, E., & Sandlund, M. (2020). Older adults’ prefer-
ences for, adherence to and experiences of two self-management
falls prevention home exercise programmes: A comparison between
a digital programme and a paper booklet. BMC Geriatrics, 20(1),
209. https://doi.org/10.1186/s12877-020-01592-x

Marikyan, D., Papagiannidis, S., & Alamanos, E. (2019). A systematic
review of the smart home literature: A user perspective. Techno-
logical Forecasting and Social Change, 138, 139-154. https://doi.
org/10.1016/j.techfore.2018.08.015

McGarrigle, L., Boulton, E., & Todd, C. (2020). Map the apps: A rapid
review of digital approaches to support the engagement of older
adults in strength and balance exercises. BMC Geriatrics, 20(1),
483. https://doi.org/10.1186/s12877-020-01880-6

Merchant, R. A., & Aprahamian, I. (2022). Covid-19 and virtual geri-
atric care. Journal of Nutrition, Health & Aging, 26(3), 213-216.
https://doi.org/10.1007/s12603-022-1755-2

Montero-Odasso, M., van der Velde, N., Martin, E. C., Petrovic, M.,
Tan, M. P, Ryg, J., Aguilar-Navarro, S., Alexander, N. B., Becker,
C., Blain, H., Bourke, R., Cameron, I. D., Camicioli, R., Clemson,
L., Close, J., Delbaere, K., Duan, L., Duque, G., Dyer, S. M., ...
Masud, T.; Task Force on Global Guidelines for Falls in Older
Adults. (2022). World guidelines for falls prevention and manage-
ment for older adults: A global initiative. Age and Ageing, 51(9),
afac205. https://doi.org/10.1093/ageing/afac205

Moore, G., Du Toit, A., Jameson, B., Lui, A., & Harris, M. (2020). The
effectiveness of “virtual hospital” models of care: A rapid evidence
scan brokered by the Sax Institute for Sydney local health district.
https://doi.org/10.57022/lwxq3617

Nawaz, A., Skjaeret, N., Helbostad, J. L., Vereijken, B., Boulton, E., &
Svanaes, D. (2015). Usability and acceptability of balance exerga-
mes in older adults: A scoping review. Health Informatics Journal,
22(4), 911-931. https://doi.org/10.1177/1460458215598638

Ning, H., Jiang, D., Du, Y., Li, X., Zhang, H., Wu, L., Chen, X., Wang,
W., Huang, J., & Feng, H. (2022). Older adults’ experiences of
implementing exergaming programs: A systematic review and qual-
itative meta-synthesis. Age and Ageing, 51(12), afac251. https:/
doi.org/10.1093/ageing/afac251

Norman, G., Bennett, P., & Vardy, E. R. L. C. (2023). Virtual wards:
A rapid evidence synthesis and implications for the care of older
people. Age and Ageing, 52(1), afac319. https://doi.org/10.1093/
ageing/afac319

Rault, T., Bouabdallah, A., Challal, Y., & Marin, F. (2017). A survey of
energy-efficient context recognition systems using wearable sensors
for healthcare applications. Pervasive and Mobile Computing, 37,
23-44. https://doi.org/10.1016/j.pmcj.2016.08.003

Roeing, K. L., Hsieh, K. L., & Sosnoff, J. J. (2017). A systematic review
of balance and fall risk assessments with mobile phone technology.

Archives of Gerontology and Geriatrics, 73, 222-226. https://doi.
org/10.1016/j.archger.2017.08.002

Rucco, R., Sorriso, A., Liparoti, M., Ferraioli, G., Sorrentino, P.,
Ambrosanio, M., & Baselice, F. (2018). Type and location of wear-
able sensors for monitoring falls during static and dynamic tasks in
healthy elderly: A review. Sensors (Basel, Switzerland), 18(5), 1613.
https://doi.org/10.3390/s18051613

Savira, F., Gupta, A., Gilbert, C., Huggins, C. E., Browning, C.,
Chapman, W., Haines, T., & Peeters, A. (2023). Virtual care
initiatives for older adults in Australia: Scoping review. Jour-
nal of Medical Internet Research, 25, €¢38081. https://doi.
org/10.2196/38081

Schroeder, T., Dodds, L., Georgiou, A., Gewald, H., & Siette, J. (2023).
Older adults and new technology: Mapping review of the factors
associated with older adults’ intention to adopt digital technolo-
gies. JMIR Aging, 6, e44564. https://doi.org/10.2196/44564

Shankar, K. N., Liu, S. W., & Ganz, D. A. (2017). Trends and
characteristics of emergency department visits for fall-related
injuries in older adults, 2003-2010. Western Journal of Emer-
gency Medicine, 18(5), 785-793. https://doi.org/10.5811/west-
jem.2017.5.33615

Sheikh, M., Qassem, M., & Kyriacou, P. A. (2021). Wearable, environ-
mental, and smartphone-based passive sensing for mental health
monitoring. Frontiers in Digital Health, 3. https://doi.org/10.3389/
fdgth.2021.662811

Sherrington, C., Fairhall, N., Kwok, W., Wallbank, G., Tiedemann,
A., Michaleff, Z. A., Ng, C. A. C. M., & Bauman, A. (2020). Evi-
dence on physical activity and falls prevention for people aged
65+ years: Systematic review to inform the WHO guidelines on
physical activity and sedentary behaviour. International Journal of
Behavioral Nutrition and Physical Activity, 17(1), 144. https://doi.
org/10.1186/s12966-020-01041-3

Silveira, P., van de Langenberg, R., van het Reve, E., Daniel, E, Casati,
E, & de Bruin, E. D. (2013). Tablet-based strength-balance training
to motivate and improve adherence to exercise in independently
living older people: A phase II preclinical exploratory trial. Journal
of Medical Internet Research, 15(8), e159. https://doi.org/10.2196/
jmir.2579

Singh, A., Rehman, S. U., Yongchareon, S., & Chong, P. H. ]J. (2020).
Sensor technologies for fall detection systems: A review. IEEE
Sensors  Journal, 20(13), 6889-6919. https://doi.org/10.1109/
jsen.2020.2976554

Stampfler, T., Elgendi, M., Fletcher, R. R., & Menon, C. (2022). Fall
detection using accelerometer-based smartphones: Where do we
go from here? Frontiers in Public Health, 21. 9960. https://doi.
org/10.3389/fpubh.2022.996021

Stanmore, E. K., Mavroeidi, A., de Jong, L. D., Skelton, D. A., Sutton,
C. J., Benedetto, V., Munford, L. A., Meekes, W., Bell, V., & Todd,
C. (2019). The effectiveness and cost-effectiveness of strength and
balance exergames to reduce falls risk for people aged 55 years
and older in UK assisted living facilities: A multi-centre, cluster
randomised controlled trial. BMC Medicine, 17(1), 49. https://doi.
org/10.1186/s12916-019-1278-9

Tholking, T. W., Lamers, E. C. T., & Olde Rikkert, M. G. M. (2020).
A guiding nightlight decreases fear of falling and increases sleep
quality of community-dwelling older people: A quantitative and
qualitative evaluation. Gerontology, 66(3), 295-303. https://doi.
org/10.1159/000504883

Torres-Guzman, R. A., Paulson, M. R., Avila, E. R., Maita, K., Gar-
cia, J. P, Forte, A. J., & Maniaci, M. J. (2023). Smartphones and
threshold-based monitoring methods effectively detect falls
remotely: A systematic review. Sensors (Basel, Switzerland), 23(3),
1323.  https://doi.org/10.3390/s23031323.  https://www.mdpi.
com/1424-8220/23/3/1323

Usmani, S., Saboor, A., Haris, M., Khan, M. A., & Park, H. (2021). Lat-
est research trends in fall detection and prevention using machine
learning: A systematic review. Sensors (Basel, Switzerland), 21(15),
5134.  https://doi.org/10.3390/s21155134.  https://www.mdpi.
com/1424-8220/21/15/5134



Vaishya, R., & Vaish, A. (2020). Falls in older adults are serious. Indian
Journal of Orthopaedics, 54(1), 69-74. https://doi.org/10.1007/
$43465-019-00037-x

van het Reve, E., Silveira, P., Daniel, E, Casati, E, & de Bruin, E. D.
(2014). Tablet-based strength-balance training to motivate and
improve adherence to exercise in independently living older people:
Part 2 of a phase II preclinical exploratory trial. Journal of Medical
Internet Research, 16(6), €159. https://doi.org/10.2196/jmir.3055

The Gerontologist, 2025, Vol. 65, No. 4

Yang, Y., Wang, K., Liu, H., Qu, J., Wang, Y., Chen, P., Zhang, T., & Luo,
J. (2022). The impact of Otago exercise programme on the preven-
tion of falls in older adults: A systematic review. Frontiers in Public
Health, 10, 953593. https://doi.org/10.3389/fpubh.2022.953593

Zhang, Y., Leuk, J. S. -P., & Teo, W. -P. (2023). Domains, feasibility,
effectiveness, cost, and acceptability of telehealth in aging care:
Scoping review of systematic reviews. JMIR Aging, 6, e40460.
https://doi.org/10.2196/40460



