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A B S T R A C T

Background: Digital twin technology represents a transformative innovation in healthcare, creating virtual rep
licas of physical entities that enable real-time monitoring, prediction, and personalised intervention. People 
living with disability face multifaceted healthcare challenges requiring continuous monitoring, adaptive assistive 
technologies, and individualised treatment approaches. The convergence of digital twin technology with 
disability healthcare presents unprecedented opportunities for enhancing quality of life, independence, and 
clinical outcomes.
Aim: This review examines the current applications, benefits, challenges, and future directions of digital twin 
technology in healthcare delivery for people living with disability.
Method: A narrative review methodology was employed, synthesising literature from academic databases 
including PubMed, IEEE Xplore, Scopus, and Web of Science. The review encompassed peer reviewed articles, 
conference proceedings, and technical reports published between 2015 and 2025, focusing on digital twin 
implementations in disability healthcare contexts.
Results: Digital twin applications in disability healthcare span multiple domains, including rehabilitation, as
sistive device optimisation, cognitive support systems, mobility enhancement, and chronic condition manage
ment. The technology demonstrates significant potential in personalising interventions, predicting health 
deteriorations, optimising assistive technologies, and facilitating remote monitoring. Key applications include 
virtual prosthetic fitting, wheelchair optimisation, rehabilitation progress tracking, and predictive analytics for 
secondary complications. However, implementation faces challenges including data privacy concerns, techno
logical accessibility, interoperability issues, and cost barriers.
Conclusion: Digital twin technology offers transformative potential for disability healthcare, enabling personal
ised, predictive, and preventive care models. Successful implementation requires addressing technological, 
ethical, and accessibility challenges whilst ensuring equitable access for diverse disability populations. Critical 
research priorities include large-scale clinical trials, cost-effectiveness analyses, longitudinal outcomes studies, 
and ethical frameworks balancing surveillance concerns with care benefits.

1. Introduction

The healthcare landscape for people living with disability has 

undergone a significant transformation over recent decades, shifting 
from purely medical models towards holistic, person-centred ap
proaches that emphasise autonomy, quality of life, and social 
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participation. According to the World Health Organisation, approxi
mately 1.3 billion people, representing 16% of the global population, 
experience significant disability [1]. This substantial demographic en
counters complex healthcare needs characterised by multimorbidity, 
increased vulnerability to secondary conditions, and requirements for 
continuous monitoring and adaptive interventions [2,3]. Traditional 
healthcare delivery models often struggle to provide the personalised, 
responsive, and anticipatory care that individuals with disabilities 
require, creating gaps in service provision and suboptimal health 
outcomes.

Digital twin technology, originating from manufacturing and aero
space industries, has emerged as a revolutionary paradigm in healthcare 
delivery. A digital twin constitutes a dynamic virtual representation of a 
physical entity, system, or process that spans its lifecycle, continuously 
updated with real-time data, and capable of simulation, prediction, and 
optimisation [4,5]. In healthcare contexts, digital twins create person
alised virtual models of patients, incorporating physiological parame
ters, genetic information, lifestyle data, and environmental factors. This 
technology facilitates predictive analytics, enabling clinicians to antic
ipate health deteriorations, simulate treatment outcomes, and person
alise interventions before implementing them in reality [6]. The 
integration of Internet of Things devices, artificial intelligence, machine 
learning algorithms, and advanced sensor technologies has accelerated 
the practical implementation of digital twins in clinical settings [7,8].

For people living with disability, digital twin technology presents 
particularly compelling applications (Fig. 1). The inherent variability in 
disability experiences, progression patterns, and individual responses to 
interventions necessitates highly personalised healthcare approaches. 
Digital twins can model complex interactions between assistive devices 
and users, predict equipment failures, optimise rehabilitation protocols, 
and provide early warning systems for secondary complications [8,9]. 
Applications range from virtual prosthetic limb design and wheelchair 
configuration optimisation to cognitive support systems for individuals 
with intellectual disabilities and predictive monitoring for those with 
chronic neurological conditions [10]. The technology's capacity to 
integrate data from multiple sources, including wearable sensors, smart 
home devices, assistive technologies, and electronic health records, 
enables comprehensive health status monitoring and proactive 
intervention.

The convergence of digital twin technology with disability 

healthcare aligns with broader movements towards precision medicine, 
patient empowerment, and value-based care. By creating individualised 
virtual models, healthcare providers can move beyond one-size-fits-all 
approaches, tailoring interventions to specific physiological character
istics, lifestyle patterns, and personal preferences. Digital twins facilitate 
shared decision-making by enabling patients and clinicians to visualise 
potential outcomes of different treatment pathways, fostering informed 
choices and collaborative care planning [11]. Furthermore, the tech
nology supports continuity of care across healthcare settings and 
throughout disease trajectories, maintaining comprehensive health 
profiles that evolve in response to changing needs and circumstances.

Despite growing interest in digital twin applications across health
care domains, systematic examination of their specific implementation 
in disability contexts remains limited. People living with disability 
represent a heterogeneous population with diverse needs, and digital 
twin applications must address unique considerations, including acces
sibility requirements, communication accommodations, and ethical di
mensions of data ownership and algorithmic bias. Current literature 
exhibits considerable variation in how digital twin is conceptualised and 
operationalised across studies, with some focusing on simple data vis
ualisation whilst others describe sophisticated predictive models inte
grating multiple data streams [12,13]. This definitional heterogeneity 
complicates synthesis and comparison across implementations. Current 
literature predominantly focuses on general healthcare applications or 
specific disability types in isolation, often omitting a comprehensive 
analysis of cross-disability applications, implementation frameworks, 
and scalability challenges.

This review addresses these gaps by synthesising current evidence on 
digital twin applications in disability healthcare, examining benefits and 
opportunities, identifying implementation barriers, and proposing 
future research directions. The specific aim of this review is to critically 
evaluate the application of digital twin technology in healthcare de
livery for people living with disabilities, assess the evidence for clinical 
effectiveness, identify key challenges hindering its widespread adoption, 
and propose recommendations for future development and imple
mentation. The objectives include: mapping current applications across 
different disability types, analysing technological architectures and data 
integration approaches, evaluating clinical outcomes and user experi
ences, examining ethical and accessibility considerations, and identi
fying research priorities for advancing the field.

Fig. 1. Digital twin technology in healthcare for persons living with disability.
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2. Methods

This narrative review synthesised literature on digital twin applica
tions in healthcare for people living with disability using a structured 
but not systematic search strategy across multiple databases. A narrative 
review methodology was selected over a systematic review approach 
because the nascent and rapidly evolving nature of digital twin tech
nology in disability healthcare necessitates broad exploration across 
diverse evidence types, including technical implementation reports, 
proof-of-concept studies, and conceptual frameworks, that would be 
excluded from systematic reviews focused on answering specific clinical 
questions using standardised study designs. The narrative approach 
enables comprehensive mapping of applications, challenges, and future 
directions across heterogeneous disability populations and imple
mentation contexts, providing the flexible synthesis framework appro
priate for an emerging interdisciplinary field.

Searches were conducted in PubMed, IEEE Xplore, Scopus, Web of 
Science, and the Cochrane Library for publications between January 
2015 and September 2025. The search strategy combined terms related to 
digital twins (“digital twin”, “virtual twin”, “digital replica*”, “virtual 
model*”) with disability and healthcare terms (“disabilit*”, “impair
ment*”, “assistive technolog*”, “rehabilitation”, “prosthe*”, “wheel
chair*”, “mobility aid*”, “cognitive support”). Boolean operators (AND, 
OR) and database-specific filters were applied to refine results.

Inclusion criteria comprised: peer-reviewed journal articles, con
ference proceedings, and technical reports; publications focusing on 
digital twin technology applications in healthcare contexts; studies 
involving people with physical, sensory, cognitive, or intellectual dis
abilities; empirical research, case studies, technical implementations, 
and conceptual frameworks; and publications in English. Exclusion 
criteria included: studies focusing solely on digital twins in non- 
healthcare contexts; publications without specific relevance to 
disability populations; purely theoretical papers without implementa
tion insights; and non-peer-reviewed sources, excluding grey literature 
from established organisations.

The selection process involved initial title and abstract screening by 
two reviewers independently, followed by full-text review of potentially 
relevant articles. Disagreements were resolved through discussion and 
consensus. However, this review did not follow PRISMA guidelines, and 
a formal flow diagram documenting the number of records identified, 
screened, and included at each stage was not generated. The lack of 
systematic selection and documentation procedures introduces potential 
for selection bias and limits reproducibility.

Where studies presented conflicting findings or employed varying 
definitions of digital twin technology, these discrepancies were noted 
and discussed narratively. For instance, variations in defining digital 
twin, ranging from simple digital representations to complex predictive 
models, were acknowledged when comparing study outcomes and 
implementation approaches. However, formal conflict resolution pro
tocols or meta-analytical techniques were not employed.

Thematic synthesis was employed to organise findings into coherent 
categories, including technological frameworks, clinical applications 
across disability types, benefits and opportunities, implementation 
challenges, and future directions. Quality assessment considered meth
odological rigour, clarity of digital twin implementation descriptions, 
evidence quality for claimed benefits, and transferability of findings. 
Given the nascent nature of the field and the inclusion of technical 
implementation papers alongside clinical studies, a flexible quality 
assessment framework was applied rather than standardised checklists 
designed for specific study types. The quality assessment primarily 
involved descriptive evaluation of study design, sample characteristics, 
outcome measures, and reporting transparency, without formal scoring 
or categorisation by evidence level. This approach, whilst appropriate 
for capturing diverse evidence types in an emerging field, limits ability 
to weight findings by study quality.

The narrative synthesis approach enabled integration of diverse 

evidence types, providing a comprehensive understanding of the current 
state, potential, and challenges of digital twin technology in disability 
healthcare. However, the methodology's inherent subjectivity and lack 
of quantitative synthesis techniques should be considered when inter
preting findings.

3. Applications of digital twin in healthcare for people with 
disabilities

Digital twin technology is being applied across multiple key domains 
in disability healthcare, addressing diverse needs and challenges. These 
applications range from the optimisation of assistive devices to the 
management of chronic conditions and cognitive support (Fig. 2). The 
following subsections explore these domains in detail.

3.1. Assistive technology optimisation

Digital twin technology has demonstrated substantial potential in 
optimising assistive devices for individual users. Traditional assistive 
technology provision follows standardised assessment and fitting pro
tocols that may not capture the full complexity of person-device- 
environment interactions. Digital twins enable virtual prototyping and 
testing of assistive devices before physical fabrication, reducing costs, 
iteration time, and user frustration [12,14]. In prosthetic limb design, 
digital twins model the biomechanics of the residual limb, simulate 
forces during various activities, and predict comfort and functionality 
with different socket designs and component configurations [15,16]. 
Research demonstrated that digital twin-guided prosthetic fitting 
reduced the number of physical socket iterations by 60% and improved 
user satisfaction scores significantly compared to traditional fitting ap
proaches [17–20].

Wheelchair prescription and configuration represent another sig
nificant application domain. Digital twins model user anthropometry, 
pressure distribution, postural stability, and propulsion biomechanics to 
optimise seating systems, cushioning, and wheelchair specifications 
[14]. Studies have shown that digital twin-optimised wheelchairs 
reduce pressure ulcer incidence by predicting high-risk areas and rec
ommending preventive adjustments before tissue damage occurs 
[21,22]. For powered wheelchair users, digital twins can simulate 
navigation in home environments, predict collision risks, and optimise 
control parameters for individual motor abilities. Recent research 
developed a digital twin system for wheelchair users that integrated 
pressure mapping, environmental sensors, and machine learning to 
predict pressure ulcer risk [23], with 89% accuracy up to 48 h before 
clinical signs appeared [24,25].

3.2. Rehabilitation and therapy

Rehabilitation represents a core application area where digital twin 
technology enhances therapy personalisation, progress monitoring, and 
outcome prediction [8]. Traditional rehabilitation follows standardised 
protocols with periodic assessments, potentially missing subtle changes 
requiring intervention adjustments. Digital twins enable continuous 
monitoring of rehabilitation progress, real-time feedback during therapy 
sessions, and predictive analytics for outcome forecasting [26]. For 
stroke rehabilitation, digital twins model motor recovery trajectories 
based on initial assessments, lesion characteristics, and therapy 
engagement patterns, enabling clinicians to personalise exercise pre
scriptions and predict functional outcomes.

Virtual reality-based rehabilitation systems integrated with digital 
twins provide immersive therapy environments whilst simultaneously 
collecting detailed performance data. The digital twin analyses move
ment patterns, compensatory strategies, and fatigue indicators, adjust
ing exercise difficulty and providing feedback to optimise therapy 
effectiveness [9,27]. Recent randomised controlled studies and meta- 
analyses indicate that digital twin and immersive virtual reality 
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rehabilitation for upper limb recovery post-stroke is associated with 
significantly greater functional improvements than conventional ther
apy, as measured by standardised clinical scores such as the Fugl-Meyer 
Assessment and Barthel Index [28–31]. The system continuously adapts 
exercise parameters based on real-time performance and fatigue moni
toring, maintaining optimal challenge levels throughout sessions.

3.3. Cognitive support and monitoring

For individuals with cognitive disabilities or neurodegenerative 
conditions, digital twins offer sophisticated monitoring and support 
systems. These applications track cognitive performance patterns, detect 
early signs of decline, predict challenging situations, and provide timely 
prompts and assistance. Digital twins for individuals with intellectual 
disabilities integrate data from smart home sensors, wearable devices, 
and activity tracking applications to model daily routines, identify de
viations suggesting health changes or support needs, and alert caregivers 
to potential concerns [32,33]. The technology supports independent 
living by providing context-aware reminders, navigation assistance, and 
emergency response capabilities whilst respecting user autonomy and 
privacy.

In dementia care, digital twins monitor behavioural patterns, sleep 
quality, activity levels, and social engagement to detect early indicators 
of disease progression or acute health issues [34–36]. The models can 
predict periods of increased confusion or wandering risk, enabling 
proactive interventions. Researchers developed sophisticated digital 
twin approaches that combine smart home sensors, wearable monitors, 
and cognitive assessments for older adults with mild cognitive impair
ment. For instance, Wang et al. [37] created an unobtrusive sensor 
system that constructs a virtual representation of home events, enabling 
continuous health monitoring. Rawtaer et al. [38] used a comprehensive 
sensor system including passive infrared, door contact, bed, and wear
able sensors to distinguish between normal ageing and MCI, achieving 
up to 91% accuracy in identifying cognitive states. The system detected 

clinically significant cognitive decline an average of 4.7 months earlier 
than standard clinical assessments, enabling earlier intervention and 
care planning [34].

3.4. Chronic condition management

Many people with disabilities experience chronic health conditions 
requiring ongoing monitoring and management [39]. Digital twins 
facilitate proactive chronic disease management by continuously 
monitoring relevant parameters, predicting exacerbations, and recom
mending preventive interventions [6,40]. For individuals with spinal 
cord injuries, digital twins monitor autonomic dysreflexia indicators, 
bladder and bowel patterns, and respiratory function, predicting com
plications before they become acute. The integration of data from 
multiple sources, including wearable sensors, smart catheters, and 
environmental monitors, enables comprehensive health status assess
ment and early warning systems.

For people with multiple sclerosis, digital twins track symptom 
patterns, medication adherence, environmental triggers, and disease 
progression biomarkers [41,42]. The models predict relapse risk, 
enabling proactive medication adjustments and lifestyle modifications. 
Research demonstrates that predictive analytics for secondary compli
cations in disability populations can reduce emergency department 
visits and hospitalisations through early intervention, though the 
strength of evidence varies across studies and disability types [43]. 
Recent studies showed that digital twin-based monitoring for spinal cord 
injury patients reduced pressure injury and urinary tract infection 
complications, improving prevention and timely intervention [23,43].

3.5. Communication and sensory support

Digital twin applications extend to communication support for in
dividuals with speech and language disabilities. These systems model 
communication patterns, predict communication needs in different 

Fig. 2. Overview of key application domains for digital twin technology in healthcare for people with disabilities, summarising the primary areas of implementation 
discussed in this review.
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contexts, and optimise augmentative and alternative communication 
device configurations. The digital twin learns individual communication 
preferences, frequently used phrases, and contextual communication 
patterns, enabling predictive text and symbol selection that accelerates 
communication rates [44,45]. For individuals with sensory disabilities, 
particularly deaf-blind individuals, digital twins can model optimal 
tactile communication parameters and predict technology needs across 
different environments and activities.

Table 1 summarises key application domains and specific imple
mentations reported in the literature.

4. Benefits and opportunities

While the applications described above demonstrate technical 
feasibility, the evidence base for clinical effectiveness and patient- 
centred outcomes remains nascent. The following benefits represent 
both demonstrated advantages and theoretical potential, with the 
strength of evidence varying considerably across domains.

4.1. Personalisation and precision care

The foremost benefit of digital twin technology in disability health
care lies in enabling truly personalised care approaches. Traditional 
healthcare often applies population-based protocols that may not ac
count for individual variability in disability presentation, progression 
patterns, and intervention responses [46,47]. Digital twins create indi
vidualised models capturing unique physiological characteristics, life
style factors, environmental contexts, and personal preferences [6,48]. 
This personalisation extends across assessment, intervention planning, 
device configuration, and ongoing monitoring. The technology enables 
precision rehabilitation prescriptions tailored to individual recovery 
trajectories, assistive device specifications optimised for specific user 
characteristics and usage patterns, and medication regimens adjusted 
based on individual responses and side effects profiles [6,8,11].

Personalisation through digital twins also addresses the heteroge
neity within disability categories. Two individuals with the same diag
nostic label may have vastly different functional abilities, support needs, 
and health priorities. Digital twin models capture this individual vari
ation, moving beyond diagnostic categories to person-centred care 
planning. The technology facilitates shared decision-making by enabling 
individuals and families to visualise potential outcomes of different 
intervention choices, fostering informed decisions aligned with personal 
values and preferences [6,8].

4.2. Predictive and preventive care

Digital twins enable a fundamental shift from reactive to predictive 
healthcare delivery. By continuously monitoring multiple parameters 
and employing machine learning algorithms, digital twins can identify 
subtle patterns indicating impending health deteriorations before clin
ical symptoms manifest [8,49]. This predictive capability is particularly 

valuable in disability healthcare where secondary complications 
significantly impact quality of life and healthcare costs. Early prediction 
of pressure ulcers, urinary tract infections, respiratory complications, 
and other preventable conditions enables timely interventions that 
maintain health and prevent hospitalisations.

The economic implications of preventive care facilitated by digital 
twins are substantial [50]. Hospitalisations for preventable complica
tions represent significant costs for both healthcare systems and in
dividuals [51,52]. Digital twin-based early warning systems can 
potentially lower preventable hospitalisation costs and improve quality 
of life by supporting ongoing health monitoring and reducing acute care 
episodes, though robust health economic evaluations are limited 
[53–55]. The return on investment for digital twin implementations in 
disability healthcare remains inadequately quantified, representing a 
critical gap for decision-makers.

Beyond secondary complication prevention, digital twins predict 
functional decline trajectories, enabling proactive care planning 
including timely introduction of supportive services, assistive technol
ogy upgrades, and environmental modifications.

4.3. Enhanced rehabilitation outcomes

The application of digital twins in rehabilitation offers multiple 
benefits including continuous progress monitoring, real-time feedback 
during therapy, objective outcome measurement, and therapy protocol 
optimisation [26]. Traditional rehabilitation relies on periodic clinical 
assessments, which can miss important changes that occur between 
sessions due to limited frequency and sensitivity. These assessments 
often lack real-time data, reducing the ability to capture dynamic fluc
tuations in a patient's condition, potentially delaying intervention and 
affecting outcomes [53,56]. Digital twins provide continuous moni
toring, capturing subtle improvements or concerning patterns requiring 
intervention adjustments. Real-time feedback during therapy sessions, 
enabled by digital twin integration with exercise equipment and virtual 
reality systems, optimises motor learning by providing immediate 
knowledge of results and performance corrections.

Objective outcome measurement through digital twins addresses 
limitations of subjective assessments and reduces assessment burden. 
The technology automatically captures relevant metrics during daily 
activities and therapy sessions, providing comprehensive performance 
data without requiring dedicated assessment appointments [8,57]. 
Digital twin technology uses continuous therapy and activity data to 
identify the most effective interventions for specific cases, allowing 
protocols to be optimised with real-world evidence. This enables per
sonalised treatment recommendations based on predicted responses, 
improves outcomes, and refines clinical protocols to match individual 
needs [8,57,58].

4.4. Remote monitoring and telehealth integration

Digital twin technology facilitates sophisticated remote monitoring 

Table 1 
Digital Twin Applications in Disability Healthcare by Domain.

Application Domain Specific Implementation Key Functions Reported Outcomes

Prosthetic Optimisation 
[17,53]

Virtual socket fitting and component 
selection

Biomechanical simulation, pressure 
distribution analysis, and activity prediction

personalized prosthetic fitting and 25–35% improvement in 
satisfaction. Iterations and adjustment times are reduced,

Wheelchair 
Configuration [53,54]

Pressure mapping and postural 
optimization

Pressure ulcer risk prediction, seating 
adjustment recommendations

89% accuracy in ulcer risk prediction 48 h advance, 52% 
reduction in ulcer-related hospitalisations

Stroke Rehabilitation 
[28,31,93]

Virtual reality therapy with adaptive 
parameters

Movement analysis, fatigue monitoring, 
outcome prediction

20–30% greater functional improvement over conventional 
therapy

Cognitive Support [13] Smart home integrated monitoring 
for intellectual disabilities

Routine modelling, deviation detection, 
caregiver alerting

Enhanced independent living, earlier intervention for health 
changes

Dementia Monitoring 
[34]

Behaviour and cognition tracking Decline detection, wandering prediction, and 
acute issue identification

4–12 months earlier detection of significant cognitive decline, 
sooner than routine monitoring

Spinal Cord Injury 
Management [23]

Multi-parameter chronic condition 
monitoring

Autonomic dysreflexia prediction, 
complication prevention

Digital twin monitoring reduces complications like pressure 
injuries and urinary tract infections
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capabilities, particularly valuable for individuals with mobility limita
tions, those living in rural areas with limited specialist access, or during 
periods restricting in-person healthcare access such as pandemic situa
tions [7,57]. Remote monitoring through digital twins goes beyond 
simple parameter tracking, incorporating predictive analytics, auto
mated alerts for concerning patterns, and decision support for both pa
tients and remote clinicians. This enables proactive care management 
whilst reducing travel burden and enabling individuals to remain in 
their communities.

Integration with telehealth platforms creates comprehensive remote 
care models where clinicians access real-time digital twin data during 
virtual consultations, review trend analyses, adjust interventions based 
on predictive insights, and collaborate with patients in care planning. 
This integration supports continuity of care across settings and pro
viders, with the digital twin serving as a consistent health record that 
travels with the individual.

4.5. Assistive technology innovation

Digital twins accelerate assistive technology innovation by enabling 
rapid prototyping, virtual testing, and iterative refinement without 
requiring physical device fabrication at each iteration [59,60]. This re
duces development costs and timelines whilst enabling more user- 
centred design processes. Users can trial virtual device prototypes, 
provide feedback on functionality and comfort, and compare multiple 
design options before committing to physical production [61]. For 
customised assistive technologies, particularly prosthetics and orthotics, 
digital twin-enabled virtual fabrication and testing streamlines provi
sion processes, reduces costs, and improves outcomes.

Beyond individual device development, digital twins contribute to 
assistive technology innovation more broadly by generating extensive 
data on device usage patterns, user needs, and performance across 
diverse conditions [12]. This aggregated data, appropriately anony
mised, informs future device design, identifies unmet needs, and guides 
research priorities. The technology also facilitates post-market surveil
lance, detecting device issues or performance problems across user 
populations more rapidly than traditional reporting systems.

5. Challenges and barriers

The challenges outlined below represent both practical imple
mentation barriers and fundamental tensions requiring careful naviga
tion rather than simple technical solutions. Understanding these as 
complex, interrelated issues, rather than discrete problems amenable to 
straightforward fixes, is essential for responsible development.

5.1. Data privacy and security

Digital twin implementations in healthcare generate and process 
extensive personal health information, raising significant privacy and 
security concerns. For disability populations, privacy concerns are 
amplified by historical experiences of surveillance, institutionalisation, 
and autonomy restrictions [48]. Digital twin systems continuously 
collect data on location, activities, physiological parameters, and be
haviours, often via wearables and smart sensors, resulting in compre
hensive digital profiles that could be misused if inadequately protected 
[13,53]. Security vulnerabilities could enable unauthorised access to 
intimate health information or manipulation of device settings, poten
tially causing harm.

Regulatory frameworks for health data protection, including the 
General Data Protection Regulation in Europe and the Health Insurance 
Portability and Accountability Act in the United States, establish re
quirements for data handling, but implementation of these frameworks 
in digital twin contexts presents challenges [62,63]. The continuous, 
real-time nature of data flows, the integration of data from multiple 
sources including non-medical devices, and the use of cloud computing 

infrastructure create complex compliance requirements. Ensuring in
dividuals understand what data is collected, how it is used, who has 
access, and what rights they have regarding their data is essential but 
challenging given the technical complexity of digital twin systems [64].

5.2. Accessibility and digital divide

The effectiveness of digital twin technology depends on accessible 
system design, affordable technology access, digital literacy, and reli
able connectivity [54]. Many people with disabilities face barriers in one 
or more of these areas, risking the creation of digital divides where 
benefits accrue primarily to those with resources and abilities to engage 
with technology [65]. Accessible design of user interfaces, including 
compatibility with assistive technologies such as screen readers and 
alternative input devices, is essential but often overlooked in initial 
development.

Cost represents a significant barrier, as digital twin implementations 
may require wearable sensors, smartphones or tablets for data visual
isation, and reliable internet connectivity [12]. These costs may limit 
access for some individuals with disabilities, particularly those in low- 
resource settings or with limited financial means, unemployment, 
potentially widening existing health disparities [66,67]. Addressing 
affordability, infrastructure, and training is crucial to ensure equitable 
use and maximise the technology's benefits across diverse populations. 
The risk of creating a two-tier system, where affluent, technologically 
literate populations benefit from advanced digital twin monitoring 
whilst marginalised disability communities continue receiving standard 
care, represents a critical ethical concern insufficiently addressed in 
current implementations.

Digital literacy varies widely, and systems must accommodate 
diverse technology skills without requiring advanced technical knowl
edge. Infrastructure limitations, particularly in rural and underserved 
areas, create connectivity challenges that impede real-time data trans
mission and system functionality.

5.3. Technical and interoperability challenges

Implementing digital twin systems requires integration of data from 
multiple sources including electronic health records, wearable devices, 
assistive technologies, environmental sensors, and patient-reported 
measures [7]. These sources often use different data formats, commu
nication protocols, and storage systems, creating interoperability chal
lenges. Lack of standardisation in disability-related data elements and 
outcome measures further complicates integration [68]. Building 
comprehensive digital twin models requires sophisticated technical 
infrastructure including secure data transmission capabilities, sufficient 
processing power for real-time analytics, robust storage solutions, and 
reliable backup systems.

Model accuracy and validation present ongoing challenges. Digital 
twin predictions are only as good as the underlying models and data 
quality. Validating models for diverse disability presentations requires 
extensive testing across heterogeneous populations, which may be 
resource-intensive and time-consuming [55]. Maintaining model accu
racy over time as individual characteristics change and new data be
comes available requires continuous learning capabilities and periodic 
revalidation [53,55,69]. Ensuring that models avoid bias and perform 
equitably across diverse populations necessitates careful attention to 
training data representativeness and ongoing bias monitoring.

5.4. Ethical considerations

Digital twin applications in disability healthcare raise important 
ethical questions regarding autonomy, consent, algorithmic bias, and 
equitable access [70]. Continuous monitoring, whilst offering health 
benefits, creates a fundamental tension: the very surveillance that en
ables predictive care may simultaneously undermine autonomy and 
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dignity for disability populations who have historically experienced 
paternalistic oversight and control [48]. This is not simply a matter of 
inadequate consent processes or privacy protections, it reflects deeper 
questions about whether continuous digital monitoring is compatible 
with self-determination, regardless of how carefully it is implemented.

Ensuring meaningful informed consent when systems are complex 
and continuously evolving requires innovative consent processes that go 
beyond one-time approvals [71]. Individuals should maintain control 
over data sharing decisions, system functionality, and the extent of 
monitoring, but balancing this autonomy with the clinical benefits that 
may depend on comprehensive data collection requires careful 
navigation.

Algorithmic bias represents a significant concern, as machine 
learning models may perpetuate or amplify existing healthcare dispar
ities if training data is not representative of diverse disability pop
ulations [72]. Historical underrepresentation of people with disabilities 
in research and data sets may result in models that perform less accu
rately for this population [73]. Ensuring equitable access to digital twin 
technologies requires deliberate efforts to prevent the creation of a two- 
tier system where advanced technologies benefit only privileged pop
ulations, whilst others continue receiving standard care.

5.5. Clinical integration and workforce readiness

Integrating digital twin technology into clinical workflows requires 
significant changes in healthcare delivery models, staff training, and 
organisational culture. Clinicians must develop skills in interpreting 
digital twin outputs, integrating predictive insights into clinical 
decision-making, and communicating complex technical information to 
patients. Healthcare organisations require investment in technical 
infrastructure, data governance frameworks, and quality assurance 
processes [74,75]. Resistance to change, common in any innovation 
adoption, may be amplified by concerns about liability, particularly if 
predictive algorithms suggest interventions that clinicians override or if 
failures to act on automated alerts result in adverse outcomes.

Payment models in many healthcare systems remain oriented to
wards episodic care rather than continuous monitoring and prevention, 
creating financial disincentives for digital twin implementation [76]. 
Demonstrating return on investment, particularly in short-term financial 
terms, may be challenging even when long-term benefits in reduced 
complications and hospitalisations are substantial. Regulatory pathways 
for digital twin technologies remain evolving, with uncertainty 
regarding classification as medical devices, requirements for clinical 
validation, and approval processes [77].

Table 2 summarises major implementation challenges and potential 
mitigation strategies identified in the literature.

6. Future directions

The future directions outlined below should be understood not 
merely as technological possibilities, but as strategic priorities 
addressing the specific, substantive gaps and unmet needs identified 
throughout this review. Each proposed advancement directly responds 
to current limitations in evidence, implementation, or equity. Fig. 3
provides a conceptual map of this journey, illustrating how the future 
enablers discussed here are essential for navigating the identified chal
lenges to achieve the vision of personalised, equitable care.

6.1. Technological advancements

Future developments in digital twin technology for disability 
healthcare will benefit from advances in several technological domains, 
each specifically targeting limitations identified in current imple
mentations. Improved sensor technologies, including non-invasive bio
markers monitoring and miniaturised devices with extended battery life, 
will enhance data collection capabilities whilst reducing user burden, 

directly addressing accessibility and user acceptance barriers docu
mented in Section 5.2 [78,79]. Advances in artificial intelligence, 
particularly in areas such as federated learning enabling model training 
across distributed data sets without centralising sensitive information, 
and explainable AI providing transparent reasoning for predictions, will 
address current limitations in privacy protection and algorithmic 
transparency raised in Sections 5.1 and 5.4 [80,81]. Edge computing 
developments will enable more sophisticated local processing, reducing 
latency and privacy concerns whilst maintaining functionality during 
connectivity disruptions, mitigating the digital divide and infrastructure 
challenges outlined in Section 5.2 [82].

Integration of genomic and biomarker data into digital twin models 
promises enhanced prediction accuracy for disease progression and 
treatment responses, addressing the model accuracy and personalisation 
needs discussed in Sections 4.1 and 5.3. Advances in virtual and 
augmented reality technologies will create more immersive and effec
tive rehabilitation environments integrated with digital twins, expand
ing the rehabilitation applications described in Section 3.2 with stronger 
evidence for clinical effectiveness [83]. Quantum computing may 
eventually enable simulation of highly complex biological systems at 
scales currently impossible, though this remains a longer-term prospect 
[84]. Blockchain technology applications in health data management 
could provide secure, patient-controlled health data sharing mecha
nisms addressing current privacy and interoperability challenges 
detailed in Sections 5.1 and 5.3 [85].

Table 2 
Summarises major implementation challenges and potential mitigation strate
gies identified in the literature.

Challenge 
Category

Specific Barriers Potential Mitigation 
Strategies

Data Privacy and 
Security [54,94]

Extensive data collection, 
security vulnerabilities, and 
regulatory compliance 
complexity

End-to-end encryption, edge 
computing for local 
processing, transparent data 
governance policies, and 
user-controlled access 
permissions

Accessibility and 
Digital Divide 
[6,54,94]

Cost barriers, interface 
accessibility, digital literacy 
gaps, and connectivity 
limitations

Subsidised device 
programmes, universal 
design principles, simplified 
interfaces, offline 
functionality, and digital 
literacy support

Technical and 
Interoperability 
[53,55,68]

Data format inconsistencies, 
lack of standardisation, and 
integration complexity

Adoption of FHIR and other 
healthcare interoperability 
standards, open APIs, 
modular architectures, and 
standardised disability data 
elements

Ethical Concerns 
[53,94]

Autonomy limitations, 
consent complexity, 
algorithmic bias, equity gaps

Granular user controls, 
dynamic consent 
frameworks, diverse 
training data sets, bias 
monitoring protocols, 
equitable access policies

Clinical Integration 
[95,96]

Workflow disruption, 
training requirements, 
payment model 
misalignment, and 
regulatory uncertainty

Workflow redesign with 
clinician input, 
comprehensive training 
programmes, value-based 
payment models, and 
regulatory pathway 
clarification

Model Accuracy and 
Validation 
[54,95]

Heterogeneity challenges, 
validation resource 
intensity, bias risks

Diverse validation cohorts, 
continuous learning 
algorithms, performance 
monitoring, bias detection 
and mitigation protocols
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6.2. Expanded application domains targeting underserved populations 
and settings

Current digital twin applications in disability healthcare, whilst 
promising, remain limited in scope and scale, predominantly focused on 
physical rehabilitation and assistive device optimisation for well- 
resourced populations, as evidenced in Section 3. Future expansion 
opportunities include comprehensive care coordination systems inte
grating medical, rehabilitation, social, and environmental data to sup
port holistic wellbeing management, addressing the fragmented care 
delivery patterns that contribute to suboptimal outcomes noted in Sec
tion 1. Mental health monitoring and support for people with disabilities 
represents an underexplored application area where digital twins could 
detect early signs of depression, anxiety, or other psychological concerns 
common in disability populations, filling a critical gap given the high 
prevalence of comorbidities.

Paediatric applications supporting development monitoring and 
early intervention for children with disabilities offer significant poten
tial but require addressing unique ethical considerations regarding child 
data and parental consent [86]. Workplace accommodation optimisa
tion using digital twins could model ergonomic needs, predict fatigue 
patterns, and recommend modifications supporting employment success 
for people with disabilities, addressing employment participation bar
riers that contribute to socioeconomic disadvantage [87]. Educational 
applications could personalise learning environments and assistive 
technology configurations for students with disabilities, expanding 
beyond healthcare to support educational inclusion [88]. Community 
participation support systems could integrate transportation accessi
bility, venue information, and personal assistance needs to facilitate 
social engagement and community integration, targeting social isolation 
and participation restrictions frequently experienced by disability 
populations.

6.3. Population health and research generating missing evidence

Beyond individual-level applications, aggregated digital twin data 
could transform population health management and disability research, 
addressing the critical evidence gaps identified throughout this review. 
Anonymised data from large digital twin networks could identify 
population-level patterns, unmet needs, and health disparities requiring 
policy attention [48]. Real-world evidence generated through digital 
twin systems could accelerate assistive technology evaluation, rehabil
itation protocol refinement, and medication effectiveness assessments in 

disability populations often underrepresented in traditional clinical 
trials, directly addressing the lack of large-scale effectiveness studies and 
cost-effectiveness analyses noted in Section 7 [8,89].

Digital twin-enabled research could facilitate the longitudinal out
comes studies currently absent from the literature, tracking quality of 
life, functional independence, and social participation over months and 
years rather than the short follow-up periods typical of existing studies. 
This would address one of the most significant substantive gaps in the 
field: understanding long-term impact and sustainability of digital twin 
interventions. The technology could facilitate pragmatic trials 
embedded within routine care, rapidly generating evidence on 
comparative effectiveness of different approaches. Integration of social 
determinants of health data with clinical digital twins could illuminate 
pathways through which social factors influence disability health out
comes, addressing the equity concerns raised throughout Section 5 by 
enabling evidence-based interventions targeting structural disadvan
tages [42,90].

6.4. Policy and regulatory development creating enabling frameworks

Realising the potential of digital twin technology in disability 
healthcare requires supportive policy and regulatory frameworks that 
address the implementation barriers documented in Section 5. Clear 
regulatory pathways for digital twin systems, balancing innovation 
promotion with safety assurance, will reduce uncertainty and facilitate 
responsible development, addressing the regulatory ambiguity noted in 
Section 5.5. Data governance policies must protect privacy whilst 
enabling beneficial uses, including research and quality improvement. 
Interoperability standards and requirements will facilitate system inte
gration and data portability [91]. Accessibility regulations ensuring 
digital twin technologies are usable by people with diverse disabilities 
are essential to prevent the creation of new barriers, codifying the uni
versal design principles discussed in Section 5.2.

Payment and reimbursement policies must evolve to support pre
ventive, continuous monitoring models rather than only episodic care, 
directly addressing the financial misalignment identified as a major 
implementation barrier in Section 5.5 [76,92]. This may include new 
reimbursement codes for digital twin monitoring services, value-based 
payment models rewarding prevention of complications, and coverage 
policies for devices and technologies enabling digital twin imple
mentation. Workforce development policies should support training in 
digital health competencies for healthcare professionals and direct care 
workers, addressing the workforce readiness challenges outlined in 

Fig. 3. Summary of future enablers and potential hurdles of implementing digital twin for healthcare.
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Section 5.5. Research funding priorities should explicitly include digital 
twin applications in disability contexts, addressing current underin
vestment in disability-focused health technology research.

These future directions collectively form a strategic research and 
implementation agenda that, if pursued systematically, would address 
the substantive gaps identified in this review: the predominance of 
proof-of-concept studies over rigorous clinical trials, the absence of 
health economic evidence, the lack of long-term outcomes data, and the 
insufficient attention to equity and accessibility in technology design 
and deployment.

7. Limitations of the review

This narrative review has several methodological and substantive 
limitations that should be considered when interpreting findings.

8. Methodological limitations

The review did not follow PRISMA guidelines for systematic reviews. 
No PRISMA flow diagram was created, and detailed numbers of articles 
identified, screened, excluded, and included at each stage were not 
documented. This lack of systematic transparency limits reproducibility 
and introduces potential selection bias. The rapidly evolving nature of 
digital twin technology means that published literature may lag behind 
current implementations, particularly in commercial or proprietary 
contexts not reflected in academic publications. The search strategy, 
whilst comprehensive, was limited to English language publications and 
may have missed relevant work published in other languages.

The narrative review methodology, whilst appropriate for synthe
sising diverse evidence types across a nascent field, does not include the 
systematic quality assessment and synthesis procedures of systematic 
reviews, potentially introducing selection bias in included studies and 
interpreted findings. The flexible quality assessment framework 
employed, whilst justified by the heterogeneity of evidence types, was 
not formally described or reported. Results of quality appraisal for in
dividual studies were not presented, limiting readers' ability to judge the 
strength of evidence supporting specific claims. This represents a sig
nificant limitation in a field where distinguishing robust evidence from 
preliminary findings is critical.

The heterogeneity of disability populations and digital twin imple
mentations made direct comparisons across studies challenging, limiting 
the ability to draw definitive conclusions about effectiveness for specific 
disability types or implementation approaches. Variations in how digital 
twin was defined and operationalised across studies complicated syn
thesis. Some studies describing simple data visualisation dashboards 
were grouped with sophisticated predictive modelling implementations, 
potentially conflating distinct levels of technological complexity and 
clinical utility. This definitional ambiguity was noted but not system
atically resolved, limiting precision in comparing outcomes across 
implementations.

9. Substantive limitations: Gaps in the research field

Beyond methodological concerns with the review itself, several 
critical gaps in the underlying research literature limit what can be 
concluded about digital twin technology in disability healthcare:

Predominance of Proof-of-Concept Studies Over Clinical Trials: 
Many included studies represented early-stage implementations with 
small sample sizes, short follow-up periods, and limited diversity in 
participant characteristics, restricting generalisability of findings. The 
field lacks large-scale, multicentre randomised controlled trials 
comparing digital twin interventions to standard care with adequate 
power to detect clinically meaningful differences. Most evidence comes 
from pilot studies, case series, and technical feasibility demonstrations 
rather than rigorous effectiveness evaluations. This limits confidence in 
claims about clinical benefits and prevents definitive conclusions about 

which digital twin applications should be prioritised for 
implementation.

Almost Complete Absence of Cost-Effectiveness Analyses: Eco
nomic evaluations were sparse in the literature, limiting conclusions 
about cost-effectiveness and value propositions. Only a handful of 
studies attempted even basic cost analyses, and none employed robust 
health economic methods (e.g., cost-utility analysis with quality- 
adjusted life years, cost-benefit analysis with comprehensive societal 
perspective). The return on investment for digital twin implementations 
remains inadequately quantified across all application domains, repre
senting a critical gap for healthcare decision-makers, policymakers, and 
payers. Without this evidence, claims about the economic benefits of 
digital twin technology, including reduced hospitalisations and com
plications, remain largely speculative.

Lack of Longitudinal Studies on Real-World Impact: The rapid 
technological change means that technical architectures and imple
mentation approaches described in older publications may no longer 
represent current best practices. Long-term outcomes data, particularly 
regarding sustained use, outcomes durability, and potential unintended 
consequences, remain largely unavailable given the recent emergence of 
these technologies. Most studies reported outcomes over weeks to 
months; virtually none tracked participants for years. This prevents 
understanding whether benefits are sustained, whether users maintain 
engagement with digital twin systems over time, and whether long-term 
quality of life, functional independence, and social participation 
improve. The absence of longitudinal evidence is particularly concern
ing given historical patterns of health technology abandonment in 
disability populations.

Ethical Tensions Inadequately Examined: The fundamental ten
sion between surveillance and care for vulnerable disability populations, 
raised conceptually in Sections 5.1 and 5.4, has received limited 
empirical investigation. Few studies examined user perspectives on 
continuous monitoring, explored how digital twin implementations 
affect autonomy and self-determination, or investigated whether pre
dictive interventions are experienced as supportive or controlling. The 
ethics literature on digital twins in disability healthcare is nascent, with 
most discussions remaining theoretical rather than grounded in lived 
experience or participatory research with disability communities. This 
represents a critical gap given the historical context of surveillance and 
paternalism in disability services.

Limited Representation of Diverse Disability Populations: Pub
lication bias towards positive results may mean that unsuccessful 
implementations or identified limitations are underrepresented in the 
literature. Most studies focused on specific, well-defined disability types 
(stroke rehabilitation, prosthetic users) with limited attention to com
plex, multiple, or intellectual disabilities. Very few studies included 
participants from diverse socioeconomic, cultural, or geographic back
grounds, limiting understanding of how digital twin technology per
forms across the heterogeneous global disability population. The 
predominance of research from high-income countries raises questions 
about applicability in resource-limited settings.

Absence of Standardised Outcome Measures: The lack of stand
ardised outcome measures across studies complicated assessment of 
clinical effectiveness and comparison of different approaches. Different 
studies employed different functional scales, satisfaction measures, and 
success criteria, preventing meta-analysis and making it difficult to 
synthesise evidence about effectiveness. The field would benefit enor
mously from consensus on core outcome sets for digital twin research in 
disability healthcare.

The review's focus on healthcare applications may have underrep
resented important applications in other life domains such as education, 
employment, and community participation that also significantly 
impact health and wellbeing for people with disabilities. These sub
stantive limitations in the research literature, not just the review 
methodology, constrain what can confidently be concluded about digital 
twin technology's role in disability healthcare and underscore the need 
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for the research priorities outlined in Section 6.

10. Conclusion

Digital twin technology represents a transformative innovation with 
substantial potential to improve healthcare delivery, health outcomes, 
and quality of life for people living with disability. Current applications 
spanning assistive technology optimisation, rehabilitation enhance
ment, chronic condition management, and predictive monitoring 
demonstrate feasibility and early evidence of effectiveness. The tech
nology enables personalisation, prediction, and prevention that align 
with contemporary person-centred care models and address long
standing limitations of standardised approaches in disability healthcare. 
However, the evidence base remains nascent, dominated by proof-of- 
concept studies rather than large-scale clinical trials, lacking health 
economic evaluations, and offering limited longitudinal data on sus
tained outcomes and real-world impact.

Key findings from this review include: (1) digital twin applications 
show promising early results across multiple disability healthcare do
mains, with strongest evidence in prosthetic optimisation and stroke 
rehabilitation; (2) implementation faces significant barriers including 
data privacy concerns, accessibility challenges, interoperability limita
tions, and ethical tensions between surveillance and autonomy; (3) 
critical evidence gaps exist regarding long-term effectiveness, cost- 
effectiveness, and impact on quality of life; (4) equitable access re
mains a major concern, with risk of widening health disparities if 
implementations primarily serve affluent, technologically literate 
populations.

Realising the potential of digital twin technology requires systematic 
action across multiple fronts:

For Researchers: 

• Prioritise large-scale, multicentre randomised controlled trials 
comparing digital twin interventions to standard care with adequate 
follow-up to assess durability of benefits

• Conduct rigorous health economic evaluations employing estab
lished methods to quantify costs, cost-effectiveness, and return on 
investment

• Implement longitudinal cohort studies tracking outcomes over years 
to assess sustained engagement, long-term quality of life, and func
tional independence

• Engage disability communities through participatory research to 
understand lived experiences of digital twin monitoring, autonomy 
implications, and user-defined outcome priorities

• Establish consensus on core outcome sets enabling comparison 
across studies and synthesis of evidence

For Clinicians and Healthcare Organisations: 

• Adopt user-centred, accessible design principles ensuring digital 
twin systems are compatible with diverse assistive technologies and 
accommodate varying digital literacy

• Implement robust data governance frameworks with transparent 
policies, user-controlled access permissions, and strong security 
protections

• Develop comprehensive training programmes building clinician ca
pacity to interpret digital twin outputs and integrate predictive in
sights into care planning

• Redesign workflows collaboratively with frontline staff to integrate 
digital twin technology without creating undue burden

For Policymakers and Funders: 

• Establish clear regulatory pathways for digital twin technologies 
balancing innovation with safety and effectiveness requirements

• Reform payment models to support preventive, continuous moni
toring approaches through value-based reimbursement

• Invest strategically in disability-focused digital health research 
addressing current evidence gaps

• Mandate accessibility standards preventing creation of new barriers 
and ensuring equitable access

• Fund infrastructure development in underserved areas to prevent 
digital divides

For Technology Developers: 

• Engage disability communities from design inception through co- 
design processes that centre lived experience

• Prioritise interoperability by adopting healthcare data standards 
enabling integration across systems

• Build in user controls allowing granular management of data 
sharing, monitoring extent, and system functionality

• Address algorithmic bias proactively through diverse training data 
and ongoing bias monitoring

People with disabilities must be centred in the design, implementa
tion, and governance of digital twin systems to ensure technologies serve 
rather than surveil, empower rather than restrict, and include rather 
than exclude. Participatory design approaches, robust privacy pro
tections, commitment to equitable access, and attention to the social 
model of disability are essential.

The convergence of technological capabilities, evolving healthcare 
delivery models, and growing recognition of the importance of person
alised approaches creates a promising environment for digital twin 
advancement in disability healthcare. Success will require collaboration 
across disciplines including engineering, healthcare, disability studies, 
ethics, and policy. Most importantly, it will require genuine partnership 
with disability communities, ensuring that technological innovation 
advances the rights, autonomy, and wellbeing of people with disabil
ities. Digital twins should be tools for empowerment, enabling in
dividuals to understand their health, make informed decisions, prevent 
complications, and live fully in their communities. With thoughtful 
development, rigorous evaluation, and equitable implementation, digi
tal twin technology can contribute meaningfully to a more equitable, 
effective, and person-centred healthcare system for people living with 
disability.
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