Information Research Communications, 2024; 1(2):74-82.
https://inforescom.org

Review Article

Falling Forward: Tracing Technological Solutions for Fall
Prevention in Older Adults (1996-2024)

Azliyana Azizan'*, Andy Sirada?, Nova Relida Samosir®

'Department of Physiotherapy, Faculty of Health Sciences, Universiti Teknologi MARA, Puncak Alam, MALAYSIA.
’Department of Physiotherapy, Universitas Pembangunan Nasional "Veteran" Jakarta (UPNVJ), INDONESIA.
3Department of Physiotherapy, Faculty of Pharmacy and Health Sciences, Universitas Abdurrab, Riau, INDONESIA.

ABSTRACT

This bibliometric analysis investigates technological solutions for fall prevention in older adults
by examining 105 articles from 1996-2024 in the Web of Science database. Utilizing advanced
techniques, it maps publication trends, contributors, research hotspots, themes, influential works
and emerging topics. Findings reveal increasing research output after 2012, led by the U.S., UK.
and Australia. Prominent hotspots include virtual reality, digital health tools and multidisciplinary
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interventions. Highly cited works highlight virtual reality, wearable devices and fall prevention

education. Emerging areas focus on virtual reality, wearable technologies, mHealth solutions and
gait biomarkers. These findings inform geriatric fall prevention research and clinical translation.
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INTRODUCTION

Falls among older adults represent a significant public health
concern, with far-reaching implications for individual well-being
and healthcare systems worldwide. According to the World
Health Organization (WHO), falls are the second leading cause
of unintentional injury-related deaths globally, with an estimated
646,000 fatal falls occurring each year (United Nations, 2015).
Additionally, falls are the leading cause of injury-related deaths
and non-fatal injuries among individuals aged 65 and older.
These alarming statistics underscore the urgent need for effective
fall prevention strategies in rehabilitation settings.

As the global population ages, the prevalence of falls among
older adults continues to rise, posing substantial challenges
for healthcare providers, caregivers and society at large.
Recent estimates suggest that approximately one-third of
community-dwelling adults aged 65 and older experience at least
one falls each year (Shankar et al., 2017). Beyond the immediate
physical injuries they cause, falls often may result in long-term
functional decline, loss of independence and increased healthcare
utilization. Rehabilitation plays a pivotal role in mitigating these
consequences by restoring mobility, strength and balance in older
adults recovering from falls.
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Despite the growing recognition of the importance of fall
prevention in rehabilitation, there remains a notable gap in the
literature regarding the role of technology-based interventions
in this context. While traditional rehabilitation approaches, such
as exercise programs, environmental modifications and assistive
devices have shown eflicacy in reducing fall risk technological
innovations offer promising opportunities to enhance outcomes
and optimize the delivery of care for older adults at risk of falls
(Morat et al., 2023). These innovations encompass a wide range
of solutions, including wearable sensors, Virtual Reality (VR)
training, robotic assistance and smart home technologies (Souza
et al., 2024). In light of this gap, our study seeks to address the
following key research questions through a comprehensive
bibliometric analysis of the existing literature on technological
solutions for fall prevention in older adults:

RQ1: What are the publication trends and yearly distribution
of research output related to technological solutions for fall
prevention in older adults between 1996 and 2024?

RQ2: Which countries and journals have been the key contributors
to this research?

RQ3: What are the research hotspots and highly explored areas
within this domain?

RQ4: What are the major thematic areas and sub-domains
covered in this research?

RQ5: Which articles have had a significant impact, in terms of
citations and influence, on this field?
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RQ6: What are the emerging research topics and future directions
in the development of technological solutions for fall prevention
in older adults?

By leveraging bibliometric techniques, we aim to uncover
publication trends, key contributors, research hotspots, thematic
areas, impactful articles and emerging topics in this domain.
Our objective is to comprehensively examine the current
state of technology-based interventions for fall prevention in
rehabilitation for older adults, synthesize existing knowledge,
identify trends, evaluate efficacy and highlight significant
contributions. Ultimately, we aim to provide valuable insights to
inform future research directions and enhance clinical practice in
fall prevention and rehabilitation for older adults.

LITERATURE REVIEW

Numerous interventions and strategies have been proposed and
studied to avoid falls in older individuals. Technological advances
have led to promising fall prevention methods in rehabilitation
settings.

Current Landscape of Technology-Based
Interventions

In recent years, researchers have explored a wide range of
technology-based interventions for fall prevention in older
adults. These interventions leverage various technological
advancements, including wearable devices, sensor-based
systems, VR environments and smart home technologies.
Wearable devices, such as accelerometers and gyroscopes, have
been utilized to monitor gait patterns, detect falls and provide
real-time feedback to users (Rodgers et al., 2019). Sensor-based
systems, incorporating cameras, pressure sensors and radar
technology, have been employed for fall risk assessment and
environmental monitoring (Wang et al., 2024). VR environments
have been used for balance training, simulating challenging
scenarios and improving postural control (Rezaei et al., 2023).
Additionally, smart home technologies, such as home automation
systems and assistive robots, have been explored to create safer
living environments and provide support for older adults (Sawik

etal., 2023).

Efficacy of Technology-Based Interventions

While the number of studies investigating technology-based
interventions for fall prevention has increased, it is crucial to
evaluate their effectiveness in reducing fall risk and improving
functional outcomes in older adults. A meta-analysis by Nishchyk
et al., (2021) found that technology-assisted interventions, such
as exergames and virtual reality training, significantly improved
balance and gait parameters in older adults, potentially reducing
fall risk. However, the authors noted considerable heterogeneity
in study designs and outcome measures, highlighting the need
for more standardized research protocols. Several randomized
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controlled trials have reported promising results for wearable
sensor-based interventions in reducing fall rates and improving
functional mobility (Yu et al., 2024), while others have questioned
the long-term benefits and user acceptance of such technologies
(Visvanathan et al., 2022).

METHODS

This study employed a comprehensive bibliometric analysis
approach to examine the research landscape and trends related to
technological solutions for fall prevention in older adults.

Bibliometric analysis

This study employed two main analysis techniques: performance
analysis and science mapping (Azizan and Fadzil, 2024). The
performance analysis provided a descriptive examination of
various research performance indicators and contributions,
including overall publication count, annual publication trends,
leading countries in publishing activities, most prolific research
areas, most productive academic journals and most highly
cited academic papers. Science mapping utilized VOSviewer
software to visually map the relationships and strengths between
research items (Azizan et al., 2024). Specific methods included:
bibliographic coupling analysis to identify related publications
and content analysis of article titles, abstracts, author keywords
and Keywords Plus using Biblioshiny and VOSviewer tools (Aria
and Cuccurullo, 2017; Azizan, 2023).

Procedural analysis

The data collection process for this study was conducted on April
8th, 2024, using the Web of Science (WoS) database. The search
query employed was as follows:

"twitter" OR "facebook" OR "whatsapp” OR "social media" OR
"e-mail" OR "telehealth" OR "mobile app*" OR "cellphone” OR
"online program" OR "computer-assisted" OR "computer tailored"
OR "mobile phone" OR "technology-based" OR "digital" OR
"e-health" OR "mobile health" OR "mhealth" OR "web-based" OR
“telemedicine" OR "virtual reality” OR "electronic intervention*"
OR ‘"smartphone" OR "text messag*" OR "wearable device*"
OR "gamification” OR "internet*based” OR "digital media" OR
"digital program" OR "online system" (Title) and “older*” or
“elder*” or “senior*” or "geriatric” or “age*” (Title) and "fall*"
(Title). The primary data gathered from this search is summarized
in Table 1 Figure 1 depicts the study flowchart employed in this
investigation.

RESULTS

Annual Scientific Production

Figure 2 illustrates the annual scientific production related
to technological solutions for fall prevention in older adults.
From 1996 to 2004, there were no publications on technological
solutions for fall prevention in older adults. In 2005, one
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publication marked the start of research interest in this area.
Publication numbers fluctuated in subsequent years until 2013
when there were three publications. From 2014 to 2024, research
output increased significantly, especially after 2016, peaking at
17 articles in 2023. However, only one article was published in
2024, suggesting potential fluctuation or slowdown. Overall, data
indicates an increasing trend in research interest and output in
this domain over the analyzed period, with notable fluctuations
and peaks in recent years.

Key Contributors in Terms of Country and Journals
Ranked

Figure 3(a) illustrates the distribution of research output among
countries contributing to the field of technological solutions for
fall prevention in older adults. The United States led contributions
to research on technological fall prevention solutions for older
adults with 15 published articles, reflecting significant investment
in this area. Sweden (8 articles) and Australia (7 articles) followed,
with a notable proportion involving multiple authors, suggesting
collaborative efforts within these countries. China, the United

Kingdom and Korea each contributed 6 articles, highlighting
their roles in advancing knowledge and innovation.

Regarding journals, BMC Geriatrics, Gerontology, JMIR mHealth
and uHealth and the Journal of the American Geriatrics Society
were key contributors, each publishing 5 articles. These outlets
facilitated the dissemination of findings and scholarly discourse
on fall prevention interventions for older adults. Innovation in
Aging (4 articles), Age and Ageing (3) and Clinical Interventions
in Aging (3) also significantly advanced understanding through
publishing impactful research in this domain. Figure 3(b)
presents the distribution of research output among journals
publishing articles on technological solutions for fall prevention
in older adults.

Research hotspots

The co-occurrence analysis of author keywords provided insights
into research hotspots related to technological fall prevention
solutions for older adults, as depicted in Figure 4, three distinct
clusters.

Table 1: Main Information about the data.

Description

Timespan

Sources (Journals, Books, etc.,)
Documents

Annual Growth Rate %
Document Average Age
Average citations per doc
References

Document Contents
Keywords Plus (ID)

Author's Keywords (DE)
Authors

Authors

Authors of single-authored docs
Authors Collaboration
Single-authored docs
Co-Authors per Doc
International co-authorships %
Document Types

article

article; early access

correction

editorial material

letter

meeting abstract

proceedings paper

76

Results
1996:2024
73

108

4

5.24

16.02
2452

203
253

450
10

10
5.46

28.7

63

16
16
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Articles

Topic, Scope & Eligibility

ning

Scree

Included

Tapic Technological Solutions forFall Prevention
Y Databasze: WoS
Scope and Coverage Search Field: Article Title
Time Frame: All
Language: English
Source Type: Joumal
Document Type: Article
A 4
Keywords and Seamch Keywords related to technology and social media, falls and
String older adults.
Y
Date Extracted 2 Apnil 2024
Fecord Identified and
n=110
Screened
Fecord Removed n=2
Fecord Inchided for
Bibliometric Analysis n=108

Figure 1: The study flowchart.

Annual Scientific Production

Year

1998
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2000
2002
2004

2010
2012
204
2016
2018
2020
2082
2004

Figure 2: The Annual Scientific Production.
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Table 2: 10 Impactful articles.

Ranks Article Title (Authors) Times Cited, WoS Core  Times Cited, All
Databases

1 Addition of a non-immersive virtual reality component to treadmill 267 286
training to reduce fall risk in older adults (V-TIME): a randomised
controlled trial (Mirelman et al., 2016).

2 A High Reliability Wearable Device for Elderly Fall Detection 176 191
(Pierleoni et al., 2015).

3 Effects of balance training using a virtual-reality system in older 135 150
fallers (Duque et al., 2013).

4 V-TIME: a treadmill training program augmented by virtual reality 105 113
to decrease fall risk in older adults: study design of a randomized
controlled trial (Mirelman et al., 2013).

5 A Randomized Trial Comparing Digital Video Disc with Written 86 96
Delivery of Falls Prevention Education for Older Patients in
Hospital (Hill et al., 2009).

6 Smartphone technology can measure postural stability and 61 61
discriminate fall risk in older adults. (Hsieh ef al., 2019).

7 Balance training using virtual reality improves 51 57
balance and physical performance in older adults at high risk of falls
(Phu et al., 2019).

8 E-health Standing Tall balance exercise for fall prevention in older 49 49
people: results of a two year randomised controlled trial (Delbaere
etal., 2021).

9 The effectiveness of virtual reality training in reducing the risk of 47 52
falls among elderly people (Kaminska et al., 2018).

10 Comparison of the effects of virtual reality-based balance exercises 42 47

and conventional exercises on balance and fall risk in older adults
living in nursing homes in Turkey (Yesilyaprak et al., 2016).

Cluster 1 (red) highlighted hotspotslike digital health applications,
self-management strategies and exercise for fall prevention.
Keywords such as "accidental falls," "eHealth," "fall prevention,"
and "self-management" indicated a focus on understanding and

mitigating fall risks through technological interventions.

Cluster 2 (green) emphasized balance training, virtual reality
interventions and preventive measures targeting fall risk factors.
Keywords like "balance," "fall risk," and "virtual reality" suggested
research on improving balance and reducing falls through

immersive technologies.

Cluster 3 (blue) focused on technology-based fall detection and
monitoring solutions. "Fall detection,” "falls," and "technology"
signified developing tools for detecting falls and exploring

technology's role in prevention strategies.

The occurrence data across these clusters underscored the
frequency and relevance of the identified keywords in research

publications within this domain.
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Thematic areas

Figure 5 presents the term co-occurrences map using full counting
with title and abstract fields, where the minimum number of
occurrences of a keyword is set at 20. Out of 253 keywords,
34 meet the threshold and are included in the analysis. These
keywords represent recurring themes and concepts found in the
titles and abstracts of research articles related to fall prevention
interventions for older adults.

Impactful articles

Table 2 lists the top 10 fall prevention strategies for older
individuals, along with their authors, article titles, source titles
and citation counts from the Web of Science Core Collection
and all databases. These papers have advanced fall risk reduction
and older adult safety and well-being techniques. These papers'
citation counts indicate their scientific impact.

Emerging Research Topics and Future Research

Based on the database provided of 108 papers related to
technological solutions for fall prevention in older adults, the
emerging research topics can be summarized in Table 3.
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Figure 5: Term Co-occurrences Map using Full counting with title and abstract fields.[minimum number of occurrences
of a keyword:20; Out of 253 keywords,34 meet the threshold].

DISCUSSION

This bibliometric analysis provides a comprehensive overview of
the rapidly evolving research landscape focused on technological
solutions for fall prevention among older adults. The findings
underscore the multidisciplinary nature of this field, driven by the
integration of innovative technologies, data-driven approaches

and collaborative efforts across diverse disciplines.

The notable increase in research output after 2012 aligns with
the global recognition of the aging population and the urgent
need for effective fall prevention strategies (Montero-Odasso
et al., 2021). The leading contributions from the United States,
the United Kingdom and Australia reflect their prioritization of
initiatives aimed at reducing the substantial healthcare burden
associated with falls (Meyer et al., 2022). The prominence of
journals like BMC Geriatrics, Gerontology, JMIR mHealth and
uHealth facilitates knowledge exchange and interdisciplinary
collaboration, essential for addressing the multifaceted challenges
of fall prevention (Muusse et al., 2023).

Three distinct research hotspots emerged: United Nation, (2015)
virtual reality and balance training interventions, Shankar et al.,
(2017) digital tools for fall risk assessment and prevention and
Morat et al., (2023) multidisciplinary approaches for overall
well-being. Influential studies, such as those by Mirelman
et al., (2016) and Pierleoni et al., (2015), have advanced
our understanding of virtual reality and wearable device
interventions, shaping future research trajectories Duque et al.,

(2013) and Mirelman et al., (2013). The analysis of emerging
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topics revealed a strong focus on virtual reality, augmented
reality and smartphone-based solutions for balance training, fall
detection and risk assessment (Hill et al., 2009). Additionally,
the integration of wearable devices, digital biomarkers and gait
analysis highlighted the growing interest in personalized and
data-driven approaches (Hsieh et al., 2019).

Furthermore, the emphasis on mHealth, telehealth, digital
feedback, exergames and home-based interventions underscores
the recognition of accessibility, engagement and holistic
approaches as critical factors in fall prevention (Phu et al,
2019), (Kaminska et al., 2018). These findings have implications
for future research, clinical practice and policy decisions. The
identification of research hotspots and emerging trends can guide
the prioritization of efforts and resource allocation, while the
recognition of influential studies can inform the development of
novel methodologies and interventions (Yesilyaprak et al., 2016).

By leveraging the insights from this analysis, healthcare
professionals and policymakers can make informed decisions
about integrating technology-based interventions into fall
prevention programs and rehabilitation settings, potentially
leading to improved patient outcomes and more efficient resource
allocation. While the study was limited to articles indexed in
the Web of Science database, this bibliometric analysis provides
a comprehensive and data-driven perspective on the research
landscape, offering a valuable resource for researchers, healthcare
professionals and policymakers to navigate the complexities of
this domain and identify promising avenues for future research

and clinical practice.
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Table 3: Emerging Research Topics.

Emerging Research Topics Frequency Percentage

(N) (%)
Virtual Reality (VR) and 25 23
Augmented Reality (AR) for Fall
Prevention.
Smartphone-based Fall Detection 20 19
and Risk Assessment.
Wearable Devices and Sensors for 17 16
Fall Monitoring and Prevention.
mHealth and Telehealth 13 12
Interventions for Fall Prevention.
Digital Feedback and Exergames 12 11
for Balance and Mobility
Training.
Home-based and 11 10
Multidisciplinary Fall Prevention
Programs.
Digital Biomarkers and Gait 10 9

Analysis for Fall Risk Prediction.

CONCLUSION

This comprehensive bibliometric analysis shedslight on the rapidly
evolving landscape of technological solutions for fall prevention
in older adults. The findings highlight the multidisciplinary
nature of this field and the potential for integrating cutting-edge
technologies, data-driven approaches and collaborative efforts
to enhance the effectiveness, accessibility and personalization
of fall prevention strategies. Future research should focus on
further exploring the promising avenues identified in this study,
such as virtual reality, augmented reality, wearable devices,
digital biomarkers and gait analysis, while also considering the
importance of user acceptance, adherence and cost-effectiveness.
Additionally, fostering multidisciplinary collaborations among
researchers, healthcare professionals and policymakers is crucial
to translate these findings into evidence-based clinical practice
and inform the development of comprehensive fall prevention
programs tailored to the diverse needs of older adults. By
embracing technological innovations and adopting a holistic
approach, the healthcare community can work towards improving
the quality of life, independence and overall well-being of the
aging population.
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SUMMARY

This paper presents a comprehensive bibliometric analysis
of technological solutions for fall prevention among older
adults from 1996 to 2024. It highlights the growing impact
of innovations such as wearable sensors, virtual reality, and
mHealth applications on improving balance, mobility, and
overall safety for older populations. Through detailed mapping
of publication trends, research hotspots, and emerging topics,
the study reveals a sharp increase in research output after 2012,
driven by contributions from leading nations like the U.S., UK.,
and Australia. Notably, the study identifies virtual reality and
digital biomarkers as pioneering advancements shaping future
directions in this domain. By synthesizing existing knowledge
and uncovering novel insights, this work underscores the
transformative potential of technology in geriatric fall prevention
and provides a robust foundation for advancing clinical practices
and research strategies.
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