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Addressing the disconnects in musculoskeletal health through 
population and health service research 



Burden of Musculoskeletal diseases

MSK conditions is the highest reason 
for years lived with disability (YLD)



Cost of Musculoskeletal diseases

Rapidly rising cost to 
patients and society



Mismatch in Funding and Burden

Scarce funding for 
musculoskeletal 

research

High incidence and  
burden of MSK 

disorders
Mismatch



Disconnects in Musculoskeletal Healthcare

Biomedical vs 
Biopsychosocial
Emphasis of biomedical 
factors and neglect of  

psychosocial determinants 
of health in clinical 

assessments and treatment

1

Research vs 
Practice vs Policy

3

Lack of translation from 
research findings into 

clinical practice and policies 
that can promote system-

level change

Reactive vs 
Preventative Care
Understating preventative 

interventions that are proven 
to delay disease progression, 
while prioritising short-term 
fixes after patients present 

with symptomatic MSK 
diseases or injury, 

2



Disconnect 1

Why psychosocial factors?



Disconnect 1 Understanding the role of 
psychosocial factors

Psychosocial 
factors in knee OA

Clinical 
outcomes Quantitative Studies

Qualitative Studies

Current strategies to facilitate understanding

Scoping Reviews

Number of studies by United Nations regions

Identified psychosocial factors

Suggestions for future research



Disconnect 1 Understanding the role of 
psychosocial factors

On-going studies

Contextual 
Factors

Patient 
experiences & 

behaviour

Social 
Factors

Outcomes in 
knee OA

Psychosocial 
factors

Treatment 
decisions

Qualitative Studies

Factors affecting experience, rehabilitation and recovery

Loss of 
face due to 

knee OA 

Anticipation 
and avoidance 

of pain and 
suffering

Vicious cycle of 
negative 

emotional 
experiences

Social and 
family support

Psychological Social

Workplace 
environment and 

employment 
uncertainty

Built 
Environment

Psychosocial 
factors in knee OA

Clinical 
outcomes

Quantitative Studies

Scoping Reviews



Disconnect 1 Understanding the role of 
psychosocial factors

Psychosocial 
factors in knee OA

Clinical 
outcomes

Qualitative Studies

Scoping Reviews

Quantitative Studies

Singapore KneE OsTeoarthritis CoHort Study 
A 2-year community-primary-tertiary care cohort study examining 

how psychosocial and clinical factors influence outcomes in 
patients with knee osteoarthritis to enable early, targeted 

interventions.

$1.95M
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Disconnect 1 Understanding the role of 
psychosocial factors

Psychosocial factors 
in knee OA

Clinical 
outcomes Qualitative Studies

Scoping Reviews

Quantitative Studies

Key messages
• Quality of care is suboptimal 
• Quality of care does not account for long-

term clinical outcomes

Key messages
• Large proportion of patients reported greater 

physical disability than observed
• Pain and anxiety intensity were meaningful 

predictors of this discordance 

Key messages
• Large proportion of people have 

low physical activity levels
• Correlation between physical 

activity and kinesiophobia
• Ethnic, gender and age differences 

in inactivity  



Disconnect 1 Understanding the role of 
psychosocial factors

Psychosocial factors 
in knee OA

Clinical 
outcomes Qualitative Studies

Scoping Reviews

Quantitative Studies

Key messages
• Shame has an association with clinical and 

psychosocial outcomes
• Higher BMI is linked to increased shame

Key messages
• More accessible BE is correlated with 

knee function
• Self-efficacy mediates the relationship 

between BE accessibility and knee 
function

• Fear of movement mediates the 
negative association between barriers 
in the BE and knee function

Key messages
• Kinesiophobia was associated with poorer 

QoL and physical activity
• Anxiety and depression was positively 

correlated with kinesiophobia



Developing Clinical Decision 
Support Tools

Disconnect 1

Developing and validating a 
biopsychosocial clinical decision support 

tool using artificial intelligence and 
machine learning for knee OA patients 

SuPeR Knee Australia
Support. Predict. Recover 

$200KSuPeR Knee Singapore

Understanding and predicting 
recovery in patients undergoing TKR

Local Datasets

• CONNACT RCT
• HarmoKnee RCT
• SKETCH Cohort

• TKR Registry

• TKR Registry
• TKR Psychosocial Cohort
• TKR HUAT-R RCT

Asst. Prof.
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Non-
surgical 

TKR
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Disconnect 1

Next Steps

Moving from a knee OA population to a 
fracture population

Understanding the role of 
psychosocial factors

SPHEER
 1.0

SPHEER
 2.0

Focus on clinical, 
radiographic 
factors and the 
role of rehab 
(n=200)

Focus on psychosocial 
factors and predictive 
effect on fractures

2018-2020

2025 onwards

AO Trauma Asia Pacific 
Research Grant

Qualitative Study

NHG-LKC Clinician Scientist 
Preparatory Programme (CSPP) 

*part of FHT2

Scoping review

Key messages
• People recovering from PHF experience less 

incapability in proportion to their social 
independence (employment, caregiver, care 
facility)



Disconnect 1 Understanding the role of 
psychosocial factors



Quantifying Human Movement
Disconnect 1

Largest Motion Capture Dataset in Asia
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Tay
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12 Clinically relevant tasks

Video 
Data

Virtual 
anatomical 

markers

Physical 
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profile

Risk 
prediction 

score

Computer 
vision

Computer 
vision

Machine 
Learning
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Ongoing scoping review

Computer 
vision
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l
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Mental

Outcomes

Rehabilitation Research 
Institute of Singapore



Quantifying Human Movement
Disconnect 1

Key messages
Knee OA group had greater standing knee flexion angles (KFA) 
and ankle dorsiflexion angles (ADA), walking KFA and ADA 
during terminal stance, and walking ADA during mid to terminal 
swing

Key messages
• Knee OA participants demonstrated kinematic, kinetic and 

electromyography variance 
• Step-down induced elevated external knee adduction moments 

in the knee OA group



Quantifying Human Movement
Disconnect 1

Developing an AI-driven rapid assessment of 
physical biomarkers to predict and screen bio-
psychosocial future bio-psychosocial health 

outcomes

VIGILANT walkway

Physical

CognitiveMental

Social

Time-
efficient

Portable
Scalable

Modular
Markerless
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Disconnects in Musculoskeletal Healthcare

Biomedical vs 
Biopsychosocial
Emphasis of biomedical 
factors and neglect of  

psychosocial determinants 
of health in clinical 

assessments and treatment

1

Research vs 
Practice vs Policy

3

Lack of translation from 
research findings into 

clinical practice and policies 
that can promote system-

level change

Reactive vs 
Preventative Care
Understating preventative 

interventions that are proven 
to delay disease progression, 
while prioritising short-term 
fixes after patients present 

with symptomatic MSK 
diseases or injury, 

2



A life-course approach to 
MSK physical health

Disconnect 2

Features of Framework

Life-course approach to MSK in a broad physical health 
context

Movement from disease-based perspective to holistic 
patient-centred perspective

Demonstration of interaction between body function 
with activity levels and social participation 

Recognition of metabolic and mental health issues 
accompanying physical health

Identification of intervention opportunities across 
primary-secondary-tertiary prevention continuum



A life-course approach to 
MSK physical health

Disconnect 2



Public Health Approach to MSK disease



Assessing the built 
environment

Disconnect 1

A multi-method study assessing the interplay among knee 
OA, falls, the BE, and psychosocial factors and outcomes 
in mobility-challenged adults 

Disconnect 2

$5MBuilt Environment in Falls and OsteoarthrITis

Deliverables

Inform urban design and public health policies

Propose actionable co-developed 
recommendations for age-friendly environments

Validation of EAT-Lite Tool for mobility-
challenged elderly

Shared GIS/GPS data platform on BE between 
governmental agencies



Assessing the built 
environment

Disconnect 1Disconnect 2

WP1

Individual

Contextual

BE
Participation

Psychosocial

Qualitative study

Factors
Outcomes

Understanding the individual, contextual and BE factors

Findings to inform relevant 
guidelines, codes and 
environmental audit toolkits

WP2

Exploring the associations: BE factors, physical activity levels, 
clinical outcomes, psychosocial factors

Presentation of 
preliminary findings 

at I-MESH

Provided feedback from 
preliminary findings to 
BCA’s Draft Code on 
Accessibility 2025Quantitative study
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Assessing the built 
environment

Disconnect 1Disconnect 2

WP3 Yio Chu Kang-specific multi-method study

Geospatial mapping, qualitative exploration, wearable 
based visualisation

Qualitative Technological Geospatial

Community 
Improvement Walk

Photovoice

Naturalistic 
observation

Sensor technology

Collaboration with 
NParks

Synthesis of data to form heatmap for YCK
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Assessing the built 
environment

Disconnect 1Disconnect 2

WP4 Stakeholder engagement 

Policymaker engagement and co-developing recommendations

Asst. Prof.
Bryan Tan

Co-developing recommendations for 
barrier-free design of the BE

Urban Planner & Policy Makers Academics Clinicians

Grassroots

Stakeholders:

Assoc. Prof. 
Ding Yew 

Yoong

Heathy Environment Symposium 
to be conducted in early 2026



Predictions and Interventions for
falls and fracture risks

Disconnect 2
Disconnect 3



Predictions and Interventions for
falls and fracture risks

Early detection of health risks and interventions to optimize 
human health via scalable digital solutions

Disconnect 2

PD Dr. 
Benedikt 
Helgason

Future Health Technologies (FHT)

Asst. Prof.
Bryan Tan

Potential Outcomes

Translating insights to drive further progress 
in clinic and community

Develop new tech for personalised 
screening and intervention strategies

Dr. Navrag 
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Assoc. Prof. 
Angelique 

Chan

Prof.
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Disconnect 3

Fall prediction
Sensors, Computer 

vision

Health span
Composite risk score

Hip fracture 
prediction

FEMs – Digital twins
Molecular function

OMICS

Drug testing
Organoids

FEMFEMFEM

Cell activity
Organoids

Precise prediction models Personalized interventions

FHT1

2022-2026

FHT2

2026-2030



Predictions and Interventions for
falls and fracture risks

Disconnect 2
Disconnect 3

• Validated predictive model for assessing fall risk 
• Utilizes minimal and comfortable wearables
• Suitable for home-based assessments
• Suitable for monitoring of recovery post interventions
• Large data collections in two cohorts (TARGET and PIONEER)

Sensor-based assessment of fall riskP1 FHT1

Identified specific 
gait markers for 
future fall 
predictions

FHT2

• Community 
Implementation 

• Validating computer 
vision for falls prediction

• Investigating 
perturbation responses



Predictions and Interventions for
falls and fracture risks

Disconnect 2
Disconnect 3

• Augments sensor-based fall risk data at hospital settings 
(VITAL COHORT)

• Suitable for measuring joint kinematics, movement fluidity, 
and range of motion

• Suitable for identifying specific factors (e.g., hip, knee, ankle 
dysfunction) contributing to fall risk

• Can be incorporated to obstacle walkways (VIGILANT) and 
perturbation training

Computer vision-based validation of fall riskP1

First walkway under construction in Woodlands Health



Predictions and Interventions for
falls and fracture risks

Disconnect 2
Disconnect 3

• Biofidelic Finite Element Models providing a realistic 
representation of the pelvis and surrounding soft tissues

• Tailored dynamics to simulate natural fall conditions
• Novel markers to characterize biomechanical risk of hip 

fracture
• AI models to rapidly predict FEM results for integration into 

clinical practice

AI/FE modelling-based fracture risk predictionP2

FHT1

Identified clinically 
relevant risk of 
fracture given an 
occurrence of a fall.

FHT2

• Develop AI models for 
predicting femoral 
strength (S) and fracture 
risk given a fall (PFx)

• Validating and 
predicting treatment 
effects on S and PFx



Predictions and Interventions for
falls and fracture risks

Disconnect 2
Disconnect 3

Combination of all collected biomarkers (physical/biochemical) and 
clinical indicators to develop a composite risk score enabling 
personalized intervention strategies.

Composite risk scores and communicationP3

FHT2

• Incorporate fall risk (P1), fracture risk 
(P2) and rate of aging (frailty or omics 
based aging prediction from P3) to a 
composite risk score

• Enhance precision of the composite risk 
scores with large databases

• Use composite risk score AI models for 
hypothesis generation to identify 
treatment targets



Predictions and Interventions for
falls and fracture risks

Disconnect 2
Disconnect 3

• Development of an implementation toolkit and complementary 
Precision Digital Therapeutic (PDTx)

• Train clinic and community providers (i.e., Active Ageing Centres, 
Peoples' Association and Community Centres) to implement SAFE-
TECH GO in the community

• Process and outcome evaluation of implementation (fidelity, 
adherence) and effectiveness (physical function, incident 
falls/fractures)  Proving scalability 

• AI-powered monitoring and motivational support to promote 
adherence and behavioral change

SAFE-TECH GO (Multi-component Falls Prevention Program)P4

Digitally 
delivered

FHT1

Developed a scalable 
fall risk intervention 
program with 
ongoing validation 
both at community 
and clinics

FHT2

• SAFE-TECH GO with 
PDTx app

• Digital coach, making 
support accessible and 
scalable

• Enhanced risk 
communication and 
increased adherence

• Mixed methods 
approach

• Outcome evaluation



Predictions and Interventions for
falls and fracture risks

Disconnect 2
Disconnect 3

• 3D-bioprinted patient-specific organotypic bone models
• Flexibility to model healthy and pathogenic conditions
• Mechano-regulation of organoid mineralization assessed by 3D micro-CT
• Micro-multiphysics agent-based (micro-MPA) simulation using in vitro 

findings 
• Correlations with muscle/sarcopenia 

Bone OrganoidsP5

Woodlands Health Wet Lab Facility 
with 3D bio-printer, µCT scanner and 
mechanical simulation units



Predictions and Interventions for
falls and fracture risks

Disconnect 2
Disconnect 3

• Coherent ongoing evaluation of a complex intervention from 
conceptualization through implementation and revision.

• Simulation modelling helps evaluate the impact of falls and fracture 
prevention/management initiatives at a population level by analyzing 
complex system interactions. 

Continuous Value Assessment (Systems Dynamics Modelling)P6

FHT1

• Development of a 
clinical decision 
tool

• Health care 
economics on 
specific use cases

FHT2

• Develop a quantitative SD 
simulation model of falls and 
fracture prevention/ 
management

• Applying simulation model to 
estimate health and economic 
impacts of proposed FHT2 
strategies

• Provide information to 
decision-makers on 
prospective design and 
planning by understanding 
various potential scenarios and 
relative trends

• Recommend strategies as a 
form of policy 
recommendation



Disconnects in Musculoskeletal Healthcare

Biomedical vs 
Biopsychosocial
Emphasis of biomedical 
factors and neglect of  

psychosocial determinants 
of health in clinical 

assessments and treatment

1

Research vs 
Practice vs Policy

3

Lack of translation from 
research findings into 

clinical practice and policies 
that can promote system-

level change

Reactive vs 
Preventative Care
Understating preventative 

interventions that are proven 
to delay disease progression, 
while prioritising short-term 
fixes after patients present 

with symptomatic MSK 
diseases or injury, 

2



Disconnect 3

Avoiding the Valley of Death: 
Implementation Science 



Collaborative model of care between Orthopaedics 
and allied healthcare professionals 

Disconnect 3

Avoiding the Valley of Death: 
Implementation Science 

Implementing personalized interventions for 
individuals with knee OA, including physiotherapy 

exercises and education
Asst. Prof.
Bryan Tan

Dr. Pua Yong 
Hao

Dr. Yang 
Su- Yin

Dr. Michelle 
Jessica Pereira

>50% of patients 
receive suboptimal 
care

Episodic  
Chronic Care 
Model



Disconnect 3

Avoiding the Valley of Death: 
Implementation Science 

Osteoarthritis Chronic Care 
Program (OACCP), Australia

Better management of patients 
with osteoarthritis (BOA), 
Sweden

Good Life with osteoarthritis in 
Denmark (GLAD), Denmark

Amsterdam Osteoarthritis Cohort 
(AMSOA), Netherlands

Joint Implementation of 
Osteoarthritis guidelines in the 
West Midlands (JIGSAW), UK

MOA trial, the Joint Clinic, New 
Zealand



Disconnect 3

Avoiding the Valley of Death: 
Implementation Science 

1. Physiotherapy exercises 2. Educational slides

3. Participants handouts 4. Exercise videos

Flexibility 
(calf stretch, 
hamstring 
stretch)

Strengthening 
(knee 
extension, 
flexion)

Functional 
Activities (sit-to-
stand, step up 
step down)

Balance 
(tandem 
balance)

Aerobic



Disconnect 3

Avoiding the Valley of Death: 
Implementation Science 



Heat and Acupuncture RandoMised Control Trial to 
manage Osteoarthritis of the Knee (HARMOknee)

Disconnect 3

Evaluating the clinical effectiveness of TCM acupuncture 
with far-infrared heat therapy in addition to standard care, 

compared to standard care alone

$330k

Closing the gap between widely 
practiced TCM and lack of evidence

Disconnect between TCM practice and evidence

Asst. Prof.
Bryan Tan

Dr. Tan Tong 
Leng 

Assoc. Prof. 
Kong Keng He

Dr. Yang 
Su- Yin

Ms. Ng Hui 
Ping

Dr. Tan Siang 
IngKey messages

• Despite expanding TCM usage, 
lack of robust evidence is 
hindering acceptance of TCM into 
mainstream healthcare

•Multistakeholder effort to 
generate acupuncture evidence and 
support its implementation will 
enable a more evidence-based 
approach to practice and research



Disconnect 3

Closing the gap between widely 
practiced TCM and lack of evidence

HARMOknee 

• Randomised 
controlled study

• Acupuncture and 
heat therapy as an 
adjunct to standard 
care

Key messages

Compared with control:

• HARMOknee group had short term 
effectiveness (pain, function), no 
difference long term

• Adjunctive treatment for pain + lifestyle 
interventions

• Identified TCM syndrome most effective 
to harmoknee intervention – kidney yang 
deficiency 

Far-infrared 
heat therapy + 
Acupuncture + 
Standard care

Standard care

HARMOknee 
group

Control group



Disconnects in Musculoskeletal Healthcare

Biomedical vs 
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Emphasis of biomedical 
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3

Lack of translation from 
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clinical practice and policies 
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level change

Reactive vs 
Preventative Care
Understating preventative 

interventions that are proven 
to delay disease progression, 
while prioritising short-term 
fixes after patients present 

with symptomatic MSK 
diseases or injury, 

2



Thank you!
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