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From screening to action: Overcoming challenges in musculoskeletal care
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ABSTRACT

Around the world, millions lose mobility and indepen-
dence each year due to musculoskeletal disorders. This
decline rarely begins suddenly; it often develops silently
over years until everyday activities become difficult. By
the time symptoms appear, prevention opportunities are
often lost. Two urgent challenges must be addressed
to change this trajectory. The first is detecting risk early.
Advances in movement science, clinical screening and
digital health now make early identification possible at
scale. Wearable sensors, computer vision and simple
functional tests such as gait speed and grip strength
provide objective and real-world assessment of mobility
and balance. Large population cohorts, biomarker research
and artificial intelligence refine risk stratification by iden-
tifying early decline and predicting future disability. The
second task is in motivating behavioural change once
risk is recognised, and this remains the battle yet to be
won. Many people hesitate to modify their routines when
the benefits may take years to become apparent, as in
most musculoskeletal conditions. This makes effective
risk communication essential. Messages should be
personalised, empathetic and culturally appropriate,
helping individuals understand why action matters
and how it protects independence and quality of life.
Sustained engagement then depends on social support
and digital tools that provide feedback and maintain
motivation over time. Moving forward, the critical task is
to ensure that those identified at risk act on this know-
ledge, stay engaged long enough for prevention to
succeed, and enable musculoskeletal care to move from a
reactive care model to true prevention.
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INTRODUCTION

Musculoskeletal disorders are a leading cause of
disability worldwide.” Conditions such as physical
frailty, osteosarcopenia, mobility decline and falls affect
millions of people and are increasingly recognised
as major public health concerns.? This recognition is
crucial because for most of these conditions,
opportunities for prevention are often lost by the time
symptoms appear. Functional deterioration is rarely
sudden; it is usually preceded by a long period of

subtle decline in strength, balance and mobility
that goes unnoticed until it begins to affect daily
life. Detecting these problems early, while they are
still reversible, offers a critical window to prevent
permanent disability and preserve independence.? In
this context, there are 2 major challenges to overcome.
The first is to identify risk at the earliest stage, and
the second is to bring about behavioural change,
ensuring that those identified as high risk take
meaningful action to prevent future disability.

The growing burden of musculoskeletal decline

Globally,  musculoskeletal — disorders  contribute
substantially to the total years lived with disability,
surpassing cardiovascular and respiratory diseases in
many regions.” Osteoarthritis alone is estimated to
affect more than 500 million people,* while sarcopenia
and physical frailty together affect up to one-third
of adults over the age of 60, depending on the
population studied.>® Falls remain the second leading
cause of accidental injury-related deaths across the
world, with older adults suffering the greatest number
of fatal and disabling falls.” Beyond the immediate
suffering of pain, immobility and loss of independence,
these disorders lead to a cascade of social and
economic consequences. They increase the need for
informal caregiving, reduce productivity and create
heavy demands on health systems through long-term
rehabilitation, surgery and institutional care. As life
expectancy continues to rise and populations age,
the burden of mobility-limiting conditions is expected
to grow further unless preventive strategies are
adopted early and systematically.

Traditional healthcare pathways remain primarily
symptom-driven. Patients often seek help only after
the onset of significant pain, difficulty walking, or a
sentinel event such as a fall or fragility fracture. At
this stage, much of the functional decline is difficult
to reverse, and interventions, even when well designed,
are less effective.® This delayed response highlights
the need to move away from reactive care that waits
for injury or disability to appear and towards a
proactive, preventive model that identifies risk before
it manifests as disease.
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The first challenge: Detecting risk at an early stage

The first challenge—early risk detection—is becoming
more achievable with rapid progress in movement
science, clinical screening and digital health.” For
many years, clinicians relied on patients’ self-reported
symptoms, periodic examinations and basic clinical
tests, such as handgrip strength or walking speed.
While useful, these approaches lack granularity and
may overlook the earliest phases of decline, when
subtle losses in balance or coordination have begun but
remain imperceptible to both patients and clinicians.

Objective measurement of movement

Recent advances in technology have transformed how
human movement can be observed and quantified.
Wearable sensors—such as accelerometers and
gyroscopes, smartphone-based activity monitors and
computer vision algorithms—now allow continuous
and objective tracking of daily movement.”® Pressure-
sensors can reveal alterations in gait symmetry and
foot loading patterns, while inertial measurement units
capture stride-to-stride variability and postural sway
with high accuracy.”” Computer vision systems using
ordinary video cameras can reconstruct joint angles,
monitor functional transitions and assess dynamic
balance tasks without the need for laboratory-based
equipment.’”? These tools have made it possible
to observe musculoskeletal function in real-world
environments rather than relying only on clinic visits.
Clinicians can now monitor how individuals move
during routine activities at home or in community
settings, detecting small changes that would previously
go unnoticed.

Clinical and population-level screening

Alongside sophisticated technologies, well-validated
clinical assessments remain valuable. Widely used
tests include the Short Physical Performance Battery
(SPPB), which combines gait speed, balance and
lower-extremity strength assessments, as well as
individual measures such as the Timed Up and Go
(TUG) test, chair rise time, static and dynamic balance,
and handgrip strength. Although simple to perform,
these assessments are robust markers of overall
musculoskeletal health and show strong associations
with morbidity.

In addition, routine radiological investigations, such
as computed tomography and magnetic resonance
imaging performed for unrelated clinical indications,
often contain rich but underused imaging data that
can reveal low muscle mass, reduced bone density,
vertebral fractures and other markers of osteoporosis
or sarcopenia. Opportunistic screening that extracts
these measurements using automated or semi-
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automated methods has shown promise in identifying
high-risk individuals long before symptoms appear.’
Translating these incidental findings into musculo-
skeletal care pathways by flagging at-risk patients for
follow-up assessment can significantly extend early
detection efforts. As health systems mature towards
value-based reimbursement models, using opportu-
nistic imaging markers for risk stratification offers a
cost-efficient way to prevent downstream disability
and reduce reliance on high-cost interventions.

Moreover, large longitudinal studies, including
national ageing cohorts and resources such as the UK
Biobank, have generated extensive normative data
that enable risk models to account for age, sex,
comorbidities and lifestyle factors. Biomarker research
is expanding this further by identifying blood-based
indicators of inflammation, bone turnover and muscle
degradation that may signal early decline long before
clinical symptoms appear.

Predictive analytics

When these diverse data streams are collected at
scale, powerful statistical and computational methods
can identify patterns that are invisible to the human
observer. Machine-learning algorithms can map the
trajectories of functional decline, cluster individuals into
distinct risk profiles and predict the likelihood of falls,
fractures or mobility loss over defined time horizons.
These predictive models are increasingly capable of
recommending tailored interventions, such as targeted
exercise, nutritional support or referral for rehabilitation.
Several emerging digital platforms integrate gait
data, sensor-based metrics and self-reported health
information to produce personalised risk scores. This
enables clinicians to identify high-risk individuals
years before disability develops and to plan early
preventive measures. Collectively, these innovations
mean that early detection of musculoskeletal decline
is now technologically feasible. The challenge is no
longer whether we can measure risk, but whether we
can convince people to act on it.

The second challenge: Behavioural change

Identifying risk is only half the battle. Helping people
to act on that information is far more complex.
Awareness of risk does not automatically lead to
behaviour change, particularly when the individual feels
healthy and perceives no immediate threat. Human
behaviour is shaped by a combination of psychological
factors, cultural influences, health literacy and social
support. Many people struggle to see the value of
altering their routines when the benefits may only be
apparent years later, a difficulty especially relevant
to musculoskeletal health.
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Understanding the psychology of prevention

Behavioural science offers useful frameworks to under-
stand why individuals may fail to act despite being
informed of risk. The Health Belief Model suggests that
people are more likely to engage in preventive action
if they perceive themselves as personally susceptible
and if they believe the consequences of the condition
will be serious.” The COM-B model highlights the
importance of capability, opportunity and motivation:
even when people understand their risk, they may not
feel physically able to change, may lack environmental
support or may not be sufficiently motivated.” In
addition, the natural tendency to prioritise immediate
comfort over long-term benefit, undermines adherence
to prevention strategies.

Communicating risk effectively

Risk communication must therefore be more than
the delivery of numerical probabilities or generic
warnings.'” It needs to be personalised, empathetic
and framed in terms that resonate with the individual’s
life priorities.” People respond when they understand
what is at stake for their independence, social
participation and quality of life. For example, explain-
ing that continued muscle weakness could make
climbing stairs difficult, reduce the ability to play with
grandchildren or threaten the capacity to live alone
often makes risk feel real and urgent. Besides, the
way of communication should avoid technical jargon,
clearly explain why the risk exists, and be adapted
to the person’s literacy and cultural background.'®
The identity of the person communicating the risk
matters as well. Advice given by a trusted clinician, a
physiotherapist, a community leader or even a peer
who has faced similar risk is often far more persuasive
than impersonal campaigns or automated messages.

Maintaining long-term engagement

Even when individuals accept that they are at risk
and agree to act, sustaining that behaviour over time
remains challenging. Improvements in musculoskeletal
health often take time to become noticeable, and
people can lose motivation if progress seems slow or
invisible. Several strategies can help maintain long-
term engagement. Digital platforms can provide
regular feedback on progress, such as improvements in
walking speed or balance, which reassures individuals
that their efforts are working. Group-based exercise
programmes and peer-support groups foster accoun-
tability and a sense of shared purpose. Breaking long-
term prevention into small, achievable milestones
allows individuals to celebrate progress early. Gamified
applications that reward consistency or encourage
friendly competition can make participation more
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enjoyable. Tapping on these elements, community-
based multicomponent programmes have demon-
strated success by combining risk education, motivational
coaching and practical adherence supports such
as reminders, home safety checks and supervised
exercise.” These initiatives bridge the gap between
early detection and sustained prevention, showing that
effective risk communication combined with behavioural
nudges can translate knowledge into action.

Integrating prevention into health systems

For meaningful impact, early detection and prevention
must become part of routine healthcare rather
than isolated research projects. Primary care and
community health settings provide a natural entry
point. Short functional assessments, simple sensor-
based screenings and basic risk questionnaires could
be incorporated into regular check-ups. Individuals
found to be at elevated risk could then be referred
to preventive exercise programmes, physiotherapy-
led clinics or tele-rehabilitation platforms. Health
systems must also address equity. Digital tools can
unintentionally exclude those with limited resources,
low digital literacy or reduced access to technology.?
Community-based delivery models, culturally adapted
messaging and affordable devices are necessary to
ensure that preventive strategies reach those most
in need. Policymakers and payers (i.e., insurers,
government agencies and employers) should consider
incentivising preventive care by covering the cost
of early screening and long-term functional health
interventions, recognising that the savings from
reduced falls, fractures and institutional care are
substantial.

Looking ahead: From screening to action

The future of musculoskeletal health will depend not
only on our ability to measure decline but also on
our success in preventing it. Technological advances
have given us sensitive tools to identify risk early.
The next frontier is to convert risk awareness into
sustained behavioural change at a population level.
Achieving this requires integrated ecosystems where
clinics, community programmes and digital platforms
work together. Behavioural scientists and health
communication experts must collaborate with clini-
cians, engineers and policymakers. Reimbursement
models and health system priorities should shift
towards maintaining independence and preventing
disability, rather than primarily funding treatment after
decline has occurred. Most importantly, individuals
need to be empowered with clear, personalised and
actionable information about their functional health,
supported over time to stay engaged and motivated.
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If these elements are aligned, the silent decline that
now leads so many people into frailty and loss of
independence can be intercepted early. Instead of
waiting for fractures, falls and severe mobility loss
to trigger care, health systems can build proactive
pathways that keep people strong, mobile and socially
connected throughout life.

Ethics statement
No patient data was used in this article.

Declaration

The authors declare no potential conflicts of interest
with respect to the research, authorship, and/or
publication of this article. No funding was received in
support of this work. ChatGPT (version 5, OpenAl) was
used to assist with grammar and syntax; all content
was reviewed and approved by the authors, who take
full responsibility for the final text.

REFERENCES

1. GBD 2021 Other Musculoskeletal Disorders Collaborators.
Global, regional, and national burden of other musculoskeletal
disorders, 1990-2020, and projections to 2050: a systematic
analysis of the Global Burden of Disease Study 2021. Lancet
Rheumatol 2023;5:€670-82.

2. Briggs AM, Woolf AD, Dreinhéfer K, et al. Reducing the global
burden of musculoskeletal conditions. Bull World Health Organ
2018;96:366-8.

3. Woolf AD, Brooks P, Akesson K, et al. Prevention of musculoskeletal
conditions in the developing world. Best Pract Res Clin Rheumatol
2008;22:759-72.

4. Hunter DJ, March L, Chew M. Osteoarthritis in 2020 and beyond:
a Lancet Commission. Lancet Lond Engl 2020;396:1711-2.

5. Collard RM, Boter H, Schoevers RA, et al. Prevalence of frailty
in community-dwelling older persons: a systematic review. J Am
Geriatr Soc 2012;60:1487-92.

6. Shafiee G, Keshtkar A, Soltani A, et al. Prevalence of sarcopenia
in the world: a systematic review and meta- analysis of general
population studies. J Diabetes Metab Disord 2017;16:21.

Ann Acad Med Singap Vol 55 No 1 Jan 2026 | annals.edu.sg

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Haagsma JA, Graetz N, Bolliger I, et al. The global burden of
injury: incidence, mortality, disability-adjusted life years and time
trends from the Global Burden of Disease study 2013. Inj Prev J Int
Soc Child Adolesc Inj Prev 2016;22:3-18.

Kaliya-Perumal A-K, Roberts O, Tan BY. Systemic disconnects in
musculoskeletal healthcare across the care continuum. Ann Acad
Med Singap 2025;54:585-7.

Roggio F, Ravalli S, Maugeri G, et al. Technological advancements
in the analysis of human motion and posture management
through digital devices. World J Orthop 2021;12:467-84.

Obukhov A, Volkov A, Pchelintsev A, et al. Examination of the
Accuracy of Movement Tracking Systems for Monitoring Exercise
for Musculoskeletal Rehabilitation. Sensors 2023:23:8058.

Clark RA, Pua Y-H. SeeSway — A free web-based system for
analysing and exploring standing balance data. Comput Methods
Programs Biomed 2018;159:31-6.

Jatesiktat P, Lim GM, Lim WS, et al. Anatomical-Marker-Driven
3D Markerless Human Motion Capture. |[EEE J Biomed Health
Inform 2025;29:6186-99.

Boutin RD, Lenchik L. Value-Added Opportunistic CT: Insights
Into Osteoporosis and Sarcopenia. AJR Am J Roentgenol
2020;215:582-94.

Jones CL, Jensen JD, Scherr CL, et al. The Health Belief Model
as an explanatory framework in communication research:
exploring parallel, serial, and moderated mediation. Health
Commun 2015;30:566-76.

Michie S, van Stralen MM, West R. The behaviour change wheel:
a new method for characterising and designing behaviour
change interventions. Implement Sci IS 2011;6:42.

Kelly MP, Barker M. Why is changing health-related behaviour
so difficult? Public Health 2016;136:109-16.

Fagerlin A, Zikmund-Fisher BJ, Ubel PA. Helping patients decide:
ten steps to better risk communication. J Natl Cancer Inst
2011;103:1436-43.

Wilhelms EA, Reyna VF. Effective Ways to Communicate Risk and
Benefit. Virtual Mentor VM 2013;15:34-41.

Xu T, Tok R, Tay YY, et al. Long-term effectiveness of a multicom-
ponent frailty management program in Singapore: One-year
preliminary findings of a cluster-randomised controlled trial.
Arch Gerontol Geriatr Plus 2025;2:100157.

Kalanchiam GP, Kharlukhi J, Kaliya-Perumal AK. Towards
inclusive innovations in healthcare: A call to action. Ethics Med
Public Health 2025;33:101129.




