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ABSTRACT

As populations age and the burden of neurological conditions rises, equitable access to neurorchabilitation has emerged as a
critical yet under-addressed public health priority for aging populations. This comparative study examines how healthcare
structures in the United States, Switzerland, and China shape neurorehabilitation equity. This analysis combines semi-structured
interviews with seven healthcare experts (neurorehabilitation clinicians, health economists, and scholars) and a systematic review
of peer-reviewed literature, policy documents, and demographic data. In the U.S., fragmented insurance models and high out-of-
pocket costs disproportionately limit access for low-income and rural populations. Switzerland’s universal coverage masks the
inequities driven by uneven financial incentive between acute and long-term care, urban-centric resource allocation, and referral
mandates. Despite recent reforms, China’s hybrid healthcare system struggles with hospital-centric resource concentration,
varying policy implementation, and rehabilitation workforce gaps, particularly exacerbating urban-rural divides. Across all three,
technology innovations like telerehabilitation offer promising potential for alleviating disparities, but are hindered by
infrastructure gaps, digital literacy barriers, and cultural traditions. The findings underscore that financial systems, care-delivery
hierarchies, and technology adoptions need to be aligned with health equity principles to alleviate neurorchabilitation gaps. The
study proposes targeted policy reforms, including adjusting reimbursement schemes, easing referral mandates, and investing in
digital infrastructure implementation, to inform international strategies for inclusive, sustainable rehabilitation care systems.
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INTRODUCTION

Neurorehabilitation is a multidisciplinary field that blends medical, physical, psychological, and technological interventions to
restore function and improve quality of life for individuals with neurological disorders or disabilities.! As global life expectancy
rises, neurological disorders such as traumatic brain injuty, stroke, and Parkinson’s disease have become leading causes of
disability and mortality, spurring the demand for effective rehabilitation services.2 The World Health Organization (WHO)
estimates that 2.4 billion people worldwide could benefit from rehabilitative care, but access stays highly uneven, particularly in
low-and middle-incoming settings, making equitable neurorehabilitation a pressing public health priority.?

This study examines how healthcare systems shape neurorehabilitation access in three diverse contexts: the United States,
Switzerland, and China, who were selected intentionally to represent a diverse spectrum of national income levels, financing
arrangements, and care-delivery models.# All three face rapidly aging populations and thus soaring neurological disease burdens,
yet each approaches healthcare service organization in markedly different ways.

The U.S. features a predominantly market-driven, employer-sponsored insurance model, supplemented by public programs such
as Medicare and Medicaid. This mixed approach has incubated rapid innovation in technology and private-sector rehabilitation
service delivery but also imposes significant out-of-pocket (OOP) burdens and varying accessibility under fragmented state
regulations. Switzerland’s Bismarck-like system, by contrast, achieves near-universal coverage through mandatory health insurance
(MHTI) and supports some of the world’s most advanced rehabilitation facilities. However, its decentralized canton-based
governance and mixed reimbursement mechanism that favors high-volume acute care over the more sustained rehabilitation
create regional disparities.® Finally, China’s evolving hybrid system has achieved near-universal Basic Medical Insurance coverage
and is piloting reforms to promote rehabilitation; nonetheless, its vast geography, the aftermath of the One-Child Policy, and
uneven infrastructure exacerbate urban-rural and gradients of socioeconomic status (SES) in service availability.
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Previous research on neurorchabilitation has largely emphasized clinical efficacy, highlighting interventions such as robotics,
virtual reality, and telerchabilitation.®7 While these studies confirm short-term benefits, evidence on long-term cost-effectiveness
and system-level implementation remains limited. Most analyses focus narrowly on therapy outcomes, with less attention to
financing, workforce distribution, or integration across care settings. Cross-national comparisons are especially scarce, leaving
gaps in understanding how health system structures shape access.

The research objective of this paper is to analyze the challenges in neurorehabilitation access posed by financing schemes,
organizational structures, and digital innovations in these three settings, and to evaluate systemic barriers to equitable care.

To address this, the paper will: 1) compare each country’s insurance frameworks and reimbursement mechanisms, 2) evaluate the
impacts of referral processes and care-delivery structure 3) analyze the role of technological innovations in extending service to
underserved communities. Through interactive field research with experts from diverse backgrounds and secondary supporting
resources, this study aims to identify transferable strategies that can inform more inclusive neurorehabilitation systems worldwide.

METHODS AND PROCEDURES

This research employs a mixed-methods comparative analysis to investigate the structural and contextual drivers of equity in
neurorchabilitation access across the U.S., China, and Switzerland: healthcare system design, regulatory frameworks, and emerging
technologies. Integrating qualitative primary data from expert interviews with secondary evidence from peer-reviewed literature,
official policies, and statistical reports, this study allows for in-depth examination of each country’s unique healthcare organization
while identifying common patterns and divergences across, to generate transferable strategies for global practice.

Primary Data Collection

Formal and informal semi-structured interviews constituted the primary qualitative data source, which offer first-hand expert
perspectives on neurorchabilitation delivery and equity challenges. Eight interviews were conducted between February and April
2025, with stakeholders in each country (see Appendix 1 for details).

The interviewees were chosen purposely to ensure domain span, representation of clinical, research, and policy-making sectors,
and international experience such as being prior visiting scholar abroad. The experts include: health economists,
neurorehabilitation clinician-researchers, and health system administrators, and physical therapists. Respectively, they offer
invaluable perspectives to understand financing incentives, to capture clinical workflow and referral practices, to clarify regulation
effectiveness and implementation challenges. After sending email invitations, I finalized the participants based on availability.
Interviews were held via Zoom and Tencent Meeting, conducted in English or Mandarin Chinese, and lasted around 45 to 60
minutes each.

These interviews were conducted to gather diverse perspectives in exploring the neurorchabilitation system and health equity. On
top of that, this approach captures insights that are often undocumented in public sources, such as nuanced cantonal variations in
policy directions and informal referral incentives.

Secondary Data Collection

A systematic literature review was performed across PubMed, ResearchGate, and Google Scholar using a wide range of keywords
such as “neurorehabilitation”, “rehabilitation referral”, “health insurance copayment system”, “telerehabilitation equity”. Among
all kinds of sources, peer-reviewed articles, reports from worldly renowned non-profit organizations, and governmental policy
documents accessed directly from official websites were priotitized to ensure accuracy and quality. Gray literature including
government reports and commercial evaluations was examined for credibility, relevance, and neutrality. Statistical data on
demographic trends and healthcare workforce were drawn from national health authorities and international databases. Together,

secondaty sources provide quantitative and qualitative evidence for cross-national comparisons.

Ethical Considerations

Prior to the start of the project, the local review body approved the Human Subject Review for individuals involved. All formal
interviewees were provided with project descriptions, proposed interview questions, and consent form outlining the study’s data
use and confidentiality safeguards, and they received the final draft of paper for their review. No vulnerable populations, like
minors, were involved. The IRB registration number is IRBO0005219.
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Limitations

The main methodological constraints involve limited sample size, potential selection bias, and language barrier. With seven
interviews conducted, the qualitative findings reflect expert viewpoints but are unable to capture every possible perspective. Both
of the Chinese experts, despite specializing in distinct fields, are from the same institution, which may contain regional bias and
fail to provide information on other parts of China. Additionally, secondary analysis for Switzerland relied predominantly on
English sources and limited selection of documents in French, so some German and Italian information may have been
underrepresented. In spite of these limitations, the research design yields a comprehensive view on how structural factors
converge to shape equitable neurorchabilitation access by combining policy analysis with targeting expert insight.

RESULTS

Healthcare systems worldwide face increasing demand for equitable long-term multidisciplinaty services, including
neurorchabilitation. Financial arrangements, care delivery architectures, and the adoption of emerging technologies all play a
pivotal role in shaping who benefits from these essential medical services. This comparative analysis of the United States,
Switzerland, and China examines how insurance policy frameworks and reimbursement structures shape the affordability and
sustainability of neurorchabilitation; how structural inequities in care delivery, including referral mandates, workforce distribution,
integration of rehabilitation contextualized healthcare settings, influence pathways to timely and effective treatment; and how
digital health innovations such as telerchabilitation and immersive therapeutic technologies break the geographic restriction while
face hidden challenges of awareness and infrastructure that awaits solution. To identify systemic factors for reforms and lessons
that can inform more inclusive and equitable integration of neurorehabilitation, the diverse healthcare architectures in three
countries are examined.

Insurance Policy Frameworks and Reinbursement Policies

Financial factors in healthcare profoundly determine who can afford sustained, multidisciplinary care and which providers are
incentivized to sustainably deliver them. Although the U.S., Switzerland, and China operate vastly different healthcare systems,
each offers a baseline insurance to ensure healthcare access to the disadvantaged population: Medicare and Medicaid in the U.S.,
the MHI in Switzerland, and Basic Medical Insurance in China. Yet, in all three contexts, reimbursement mechanisms structurally
disadvantage long-term neurorehabilitation compared to acute or diagnostic care. In the U.S., although public programs coexist
with private plans, the low reimbursement rates of Medicare/Medicaid and high cost-sharing burden publicly insured patients.
Both Switzerland and China devised unique payment systems for rehabilitation, which have yet to address the undervaluation of
rehabilitation’s long-term benefits. Despite distinct financing structures, a common theme emerges: neurorchabilitation remains
underrecognized within systems that reward quicker outcomes perpetuates inequities in access, particularly for those with lower
financial, geographic, or institutional resources (Table 1).

Coverage Model Reimbursement Key Challenges Equity Concern
L Structures favoring short- Financial disincentives for Financial and geographic
Shared Baseline insurance programs . ; . . .
term interventions service provision barriers

Medicare Part A (100-day),
Part B (limited outpatient);
lower public reimbursement;
recent fee cuts

Private dominant
U.S. +Medicaid/Medicare (Uninsured
problem)

High OOPs, plan complexity, Publicly insured patients
varying state rules face long wait times and
care delays

Inpatient: DRG-based flat supplemental insurance

rate . for wealthier patients;
. reimbursement, fragmented .
Outpatient: capped . . rural cantons face higher
services, cantonal variation

reimbursement vacancy

Mandatory Health Insurance +
Switzetland private supplements (with low—
income subsidies)

Low outpatient

Excluded from DRG/DIP,

. . Hospital-centric mindsets; Limited local services for
. Urban employee + Urban-Rural localized strategies; more P . iy .
China . Iy . . weak community rehab, trust rural and low-SES
Resident Basic Medical Insurance coverage at primary-level . ’ S .
ST gap in lower-level facilities populations
institutions

Table 1. Comparative Summary of Neurorehabilitation Coverage Models and Equity Barriers
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United States: public V.. private insurances and OOP burden

The U.S. healthcare system relies heavily on employer-sponsored insurance, a model established in the 1920s and later expanded
through public programs like Medicaid and Medicare. These programs aim to help vulnerable groups—such as low-income
individuals, older adults, and people with disabilities—access basic medical care. Notably, long-term rehabilitation, as an essential
part of neurorchabilitation, is excluded from essential coverage mandates, and the cost-sharing mechanisms disproportionately
burden vulnerable populations. Medicare Part A typically covers only post-acute care, short-term skilled nursing facility stays up to
100 days, and part B pays for limited outpatient sessions.# For conditions like chronic spinal cord injuties or traumatic brain
injury, long-term rehabilitation processes can exhaust insurance limits, resulting in high OOP costs of patients (Appendix 1,
Interview 3). While specific U.S. neurorehabilitation cost data is limited, comparative data from Canada underscore this burden:
over 62% of patients with spinal cord injury and 39% of those with traumatic brain injury report OOP expenses for at least one
category among medication, assistive devices, rehabilitation therapy, and home care services.® These financial hurdles have a direct
impact on treatment adherence. Using cardiac rehabilitation as a model, research shows that for every additional $10 spent OOP
on the first session, patients attend 0.41 fewer sessions on average.’

As the majority falls outside the public programs, private insurance plays a crucial role in the American healthcare landscape.
Under the Affordable Care Act (ACA) enacted in 2010, individual and small-group market plans are required to cover ten
essential health benefits, which includes rehabilitative services and necessary devices.® Yet, the fragmented nature of insurance
practice leads to variation in neurorchabilitation cost, and the legal terms and conditions on the insurance contracts are often hard
to read and confusing for common people, particularly those with low literacy. Due to the necessity of follow-up
neurorehabilitative sessions for extended petiods, therapies long after the acute treatment that falls out from the insurance
coverage are underutilized because of the OOP burden they could put on patients (Appendix 1, Interview 3). Consequently, high
deductibles, copays, and complex insurance limitations deter patients from seeking rehabilitative services, a burden further
compounded by systemic racial and ethnic disparities.®’

Reimbursement structure further deepens rehabilitation inequities. Medicare and Medicaid pay rehabilitative specialists
significantly less than private insurers for the same services, leading many providers to limit appointments for publicly insured
patients.® For example, Medicaid patients have greater difficulty scheduling healthcare appointments and are simulated to face 1.3
days longer wait times for primary care appointments than those under commercial insurance, resulting in care delays.®? A 2025
Medicare fee cut of 2.93% in average service payment rates under the Physician Fee Schedule threatens to reduce provider
participation further, worsening shortages in less economically developed areas where specialists are already scarce. 10

These gaps interact with SES and geographic factors: rising premiums and complex billing practices exert high financial burden to
the average population, while low reimbursement rates push neurorchabilitative therapists toward urban, wealthier patient pools.!!
People with better financial resources access timely, comprehensive neurorehabilitation, whereas others face delayed care or
worsening risks of disability due to unmet needs. Although ACA expanded insurance coverage, its loopholes to address long-term
neurorchabilitation leaves a considerable number of the populations lacking access to recovery.

Switzerland: reimbursement bias under universal coverage

Switzerland’s healthcare system features universal coverage and decentralized governance. With an open enrollment mechanism,
its MHI ensures nearly all Swiss residents have access to a broad, standardized care package, including most physician visits,
inpatient care in institutions, outpatient homecare via specialized organizations, and medically prescribed rehabilitative services
like physiotherapy and occupational therapy.»!2 However, equitable neurorchabilitation access faces systemic inequities due to
reimbursement structures and regional resource disparities.

Although long-term care has been increasingly recognized as essential in recent years, low reimbursement rates drive therapists
out from outpatient neurorchabilitation. While acute care adopts diagnosis-related groups (DRGs) and fee-for-service
compensation systems that reward high-volume services, neurorehabilitation relies on a more complex per-service payment
manner that fails to account for its intensive, multidisciplinary, and long-term follow-up demands. For example, outpatient
neurorehabilitation requires coordinated care across physical therapists, neurologists, and speech therapists, but the
reimbursement models compensate an undesirable amount to each service in comparison to acute interventions like surgeries and
diagnostics (Appendix 1, Interview 4). This financial disincentive discourages providers from specializing in neurorehabilitation,
leading to a higher therapist vacancy rate in rural regions in Central Switzerland, compared to the Northwestern or Lake Geneva
regions.!3
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Reimbursement factors contribute directly to inequitable access to neurorchabilitation in several distinct ways. Healthcare
providers, responding to the MHI reimbursement incentives, naturally prioritize higher-margin medical services compared to
rehabilitation. For example, studies on Swiss acute neurorchabilitation have shown that while costs per patient have increased (by
approximately 20,000 from 2012 to 2013, average reimbursement has simultaneously diminished, creating a cost-revenue
imbalance that discourages providers from offering longer and more complex rehabilitative care.'* Furthermore, the
implementation of DRGs has been linked to a relocation of resources to outpatient care and significantly higher 90-day
rehospitalization rates, suggesting a potential decline in care continuity for rehabilitative patients.!

These structural issues are exacerbated by geographic supply factors: the utilization of health services in Switzerland is strongly
dictated by the regional supply of providers. A greater concentration of specialists in urban cantons correlates with significantly
higher per capita consumption of MHI setvices, while rural and remote populations face acute supply-side battiers. 16 Patients in
need for long-term, specialized follow-up care need to contend with fewer available slots, greater travel distances, and a more
tenuous care-seeking journey in general. Wealthier individuals can, however, mitigate these problems by purchasing semi-private
or fully private supplementary health insurance that covers extended therapy duration and more intensive rehabilitation protocols.
This reality means that, even under universal MHI, neurorehabilitation becomes de facto less accessible to those without the
means for additional coverage, manifesting equity divide based on SES (Appendix 1, Interview 5).

China: Localized Management and Tiered Financing

The healthcare system in China achieves near-universal coverage through publicly funded Basic Medical Insurance, with multiple
parallel programs. Urban residents are typically enrolled in employment-based programs, while rural population and the self-
employeds participate in the Urban-Rural Resident Basic Medical Insurance.# With central governments providing regulations that
protect basic rights and offer overall guidance, local governments play a more vital role in organizing services and implementing
health legislation based on local conditions (Appendix 1, Interview 7).

Basic Medical Insutance in China primarily operates on a fee-for-setvice basis for inpatient care with a DRG/DIP (Diagnosis-
Intervention Packet) system. While these programs are covered, the bundled payment model sets strict caps on the amount
reimbursed per patient. Because neurorehabilitation requires long hospital stays that often exceed the time period covered by
these fixed standards, individual treatment costs frequently surpass the insurance payout, resulting in significant financial deficits

for rehabilitation departments.!?

In response, the Chinese healthcare administration initiated a reform in 2019 that excluded rehabilitation from the DRG/DIP
mechanism. 18 Local governments have since begun to formulate management measutes according to local context. For example,
in Guangdong Province, tiered pet-bed-day financing model is applied to patients diagnosed with specific neurological conditions,
including traumatic brain injury, cerebral hemorrhage, brain tumors, and ischemic stroke, spinal cord injury.!’® Under this model,
the reimbursement for rehabilitation is compartmentalized into acute and rehabilitation sectors, with acute phase being financed
under DRG/DIP system while expenses in the rehabilitation phase being reimbursed on a per-bed-day basis. Furthermore, the
provincial healthcare administration set payment standards that vary according to the level of medical institutions: for instance,
patients receiving care at primary institutions can receive a higher proportion of their expenses reimbursed compared to those
visiting secondary and tertiary institutions. Although this reimbursement mechanism is devised to encourage the use of primary
and community health services with financial incentives, Chinese patients remain free to choose their healthcare providers, and
the anticipated shift to community care service utilization still has a long way to go.

Referral Pathways, Resource Distribution, and Barriers to Service Access

Despite efforts toward equitable healthcare provision, all three countries exhibit systemic inequities in neurorchabilitation service
delivery. The disparities are not only rooted in financing, but also deeply embedded in structural arrangements of healthcare
systems. Neurorehabilitation uniquely relies on continuity of care and requires timely coordination across multiple stages from
acute to outpatient treatment. Thus, in cases with fragmented referral processes or uneven resource distributions, access to
comprehensive care becomes increasingly dependent on a patient’s income, geographic location, and social status. Across the
three systems, delivery models that favor acute care, workforce shortages, and regional variations result in delays, inefficiencies,
and unmet needs for marginalized populations. This section explores how these challenges are associated with each country’s
distinct healthcate architecture (Table 2).
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Referral Resource Allocation Key Challenge Equity Concern
R Delayed therapy and fragmented
Urban-rural disparities; Utrban-rural resource A Py &
Shared Fragmented pathways . services for the rural and low-
workforce shortage imbalances .
income
Uneven; rural areas lack Delays for marginalized L
. e . . . Underutilization for the less
U.s. Varies across states specialists; urban areas better patients; price opacity calth
. . Wi y
served impedes care-seeking Y
Delayed diagnosis, under-
Rural-Urban variation; mote ’ > -

. Mandatory referral by S C referral; costly transport; Accessibility based on SES and

Switzerland - ’ progressive investment in . i . i .

physician . ) foreign worker cluster in canton of residence
’ French-speaking regions ..
cities
Rural lacks rehab facilities Hospital-centric, few local . .
S . . L Week primary-care structure
China Free choice of providers and staffs; cultural preference specialists; poor care . . .
. S hinders care in remote regions
on informal care quality in rural areas

Table 2. Comparison of Referral Pathways and Resonrce Allocation Strategies
United States: Fragmented Referrals and Financial Uncertainty

Across the United States, the combination of price opacity, referral fragmentation, and workforce maldistribution establish
structural barriers to equitable neurorehabilitation. This section examines how referral bottlenecks, inconsistent direct-access
policies, and lack of price transparency intersect to limit neurorehabilitation availability, especially for the marginalized.

Despite evidence that early rehabilitation improves functional outcomes, many Americans still face persistent delays in obtaining
outpatient physical therapy due to referral inefficiencies. Research has shown that long wait times for rehabilitation services
correlate to adverse patient outcomes, stemming from processing bottlenecks in care coordination and mismatches between
patient needs and facility capacity. Neurological and musculoskeletal patients comprise 60.2% of those requiring rehabilitation
post-acute care rehabilitation and generally benefit from standardized pathways with an average wait times of 4.57 days. In
contrast, access remains highly unequal for patients with complex comorbidities, low SES, and those living in rural areas where
specialist scatcity is the most acute.!®2! Neurorchabilitation-specific studies further underscore the problem. For sensorineural
hearing loss, a common cause of pediatric morbidity, lower sociodemographic status is associated with rehabilitation delays and
thus poorer language outcomes and speech intelligibility.?2

These disparities are worsened by state-level policy variability. While states like Massachusetts permit direct patient access to
physical therapists, others impose referral mandates. In Ohio, licensed physician approval is mandatory before initiating therapy,
while Oklahoma and Georgia permit limited self-referral petiods (30 days or 21 days/8 visits, respectively) before trequiring
physician referrals.?3-25 This inconsistency leads to uneven entry points into care and prolongs delays.

The lack of financial transparency further discourages patient engagement with neurorchabilitation. Although federal price
transparency rules were introduced in 2020, their enforcement is inconsistent due to various factors such as geographic location
and revenue levels.26 Plus, there is not a strict mandate for therapists to disclose clear treatment plans and corresponding prices
for patients to choose upon therapy initiation, given the ongoing ethical debates on affordability and medical decision making
(Appendix 1, Interview 1). This uncertainty particularly deters the low-income, the uninsured, and many illegal immigrants from
accessing necessary therapies, who fear unexpected medical debt.

Together, processing delays, referral fragmentation, and cost uncertainty result in a tiered care system. Access to timely, quality
neurorehabilitation increasingly depends on geography, SES, immigration status, and insurance status, perpetuating cycles of
health and financial vulnerabilities.
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Switzerland: Decentralized Administration and Referral Requirements

Switzerland’s MHI system guarantees universal coverage for neurorehabilitation, yet structural inequities persist due to mandatory
referral requirements, regional resource imbalances, and financial disincentives for outpatient care, especially for rural and low-
income communities.

First, the obligate referral system discourages timely utilization: without direct access, many patients who would benefit from early
neurorchabilitative intervention get delayed care, or even never receive it. Physicians are typically better compensated for
diagnostics and pharmaceuticals than for care coordination, while some benefit from financial incentives tied to pharmaceutical
companies or diagnostic labs (Appendix 1, Interview 5). Clinicians' knowledge gaps often lead to unrecognized
neurorchabilitation needs, with specialists noting not-uncommon delays that compromise recovery windows (Appendix 1,
Interview 4, Interview 6). Low patient health literacy compounds these missed opportunities and disparities.

Second, decentralized governance produces significant inter-regional disparities in neurorehabilitation investment. Urban, French-
speaking cantons like Geneva have promoted more robust professional programs and competitive specialist salaties.
Comparatively, some German-speaking cantons prioritize acute hospital care over long-term multidisciplinary rehabilitation. More
rural regions such as Central Switzerland suffer from underfunded neurorehabilitation outpatient clinics, scarce specialist
availability, and prohibitively costly long-distance transportation.!3

Third, Switzerland’s high reliance on foreign healthcare workers complicates the urban-rural disparity: around 40% of physicians
practiced in Switzerland are foreign-trained workforce, and 31% of new primary-care doctors recruited from EU programs drawn
by urban-center salaries and resources.?’ As these practitioners cluster in Lausanne, Bern, and other metropolitan ateas, rural
neurorchabilitation services are understaffed, and patients face extended delays for critical services like complex post-stroke care.

Collectively, mandatory referral protocols, decentralization, and financial misalignment contribute to a stratified landscape where
timeliness and quality of neurorehabilitation depend on geographic location and SES, contradicting the goal of equitable care
access.

China: Hospital-Centric Patterns and Rural Workforce Deficits

China’s rapid development poses unique opportunities and challenges for equitable neurorehabilitation. To address growing needs
and regional disparities, the government has launched initiatives centering on country-level medical communities (235 %% H:A4)

as the backbone of the Flagship Hospital Alliance (“IEIA4>). In this network, most tertiary and secondary hospitals — 3,275 and
10,848 respectively in 2021 — concentrate on acute care with some post-acute treatments, with a smaller number of dedicated
rehabilitation and geriatric hospitals providing intensive post- and sub-acute services. By contrast, primary health care centers such
as community clinics offer basic outpatient rehabilitation care.?

Despite predominant public ownership of over 80% of these facilities and patients’ freedom to choose care providers, a
multitiered copayment system promotes community health centers by offering higher reimbursement rates for services provided
at the primary level. Still, rehabilitation seekers in urban areas overwhelmingly bypass community-level rehabilitation, seeking
higher-quality neurorchabilitation in tertiary hospitals (Appendix 1, Interview 7, Interview 8). Until service quality at the
community level improves, these copayment differences fail to direct patient flows.2® Indeed, in 2019, only 74.36% of tertiary and
18.23% of secondary hospitals housed dedicated rehabilitation departments, far below the 100% policy requirement. This
hospital-centric pattern overwhelms top-tiered centers, undermines medical efficiency, and exacerbates rural-urban divides.

In response, County-level Medical Community (CMC) reforms mandate flagship hospitals to mentor subordinate centers through
shared budgets, specialist rotations, and training programs. In Shanxi Province, these reforms yielded a 35.6% improvement in
general hospital service efficiency.3! However, critical gaps petsist: by 2020, only 3.3% of all hospital beds were allocated to
rehabilitation departments, versus 18.2% in the EU.2% In 2022, the number of rehabilitation providers (94,342) accounted for less
than 1% out of all healthcare providers nationwide.3? A skewed sex ratio at birth further shrinks the pool of potential female
caregivers, who comprise 70% of the health and social care workforce globally, in communities that most need support.33:34

Without sustainable incentives to retain experts or formal supervisory structures, rural and lower-SES communities stay
underserved and forced to travel long distances at high expense for basic neurorehabilitative care. Inter-institutional ‘pairing’
initiatives, which deploy medical assistance teams from elite urban hospitals to rural facilities, offer short-term relief, but low rural
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salaries, limited career paths, and poor living conditions hinder experts from permanent placements (Appendix 1, Interview 8).
Thus, reforms must address hospital-centric resource allocation, workforce deficits, and rural retention of specialists to ensure
equitable neurorchabilitation access across China.

Digital Nenrorehabilitation and the Equity Divide in Access

In recent years, digital health technologies have rapidly expanded neurorehabilitation delivery. With COVID-19 catalyzing the
mainstream adoption of telerchabilitation, virtual reality (VR), video games, brain-machine interfaces, and other therapeutic
interventions across the United States, Switzerland, and China. They can overcome longstanding barriers of geography, mobility,
and cost while allowing highly individualized exercises that increase patient engagement and accelerate recovery.35-37

All three countries have integrated digital innovation into national health agendas, from U.S.’s reimbursement reform to
Switzerland’s DigiSanté and China’s Internet Plus Healthcare strategy.3®3 However, uneven utilization of telerchabilitation and
assistive devices and low digital literacy in older adults, low-income communities, and rural populations lag behind policy goals.0
Equitable adoption is further impeded by weak post-pandemic follow-up in Switzerland and low public awareness of
rehabilitation in China. These shared issues highlight the need for robust support systems, inclusive frameworks, and localized

strategies to address digital divides (Table 3).

Telerehab Adoption Technology Integration Key Challenges Equity Concern
Shared Used in COVID All introduced supportive Infrastructure gaps, Tech access; rural and older
policies varying adoption populations vulnerable
High rural engagement; Stii;iirizgi (i rsof:f:o{;all{ Patients with limited tech
Us. supported by CMS 8u ’ using VS, access/literacy excluded Bias in industry-funded research
. games, and remote ’
reimbursement . from research
evaluations
Adoption during Advanced tech (e.g., VR, Thergplsts r‘el‘uctant o .
. . . . continue digital care; Older and remote residents face
Switzerland pandemic gaming) limited to 67 . .
. . . > Follow-up usage data digital exclusion
driven by DigiSanté centers, mainly in urban hubs .
’ ’ lacking
Government-supported Strong state investment/ Hospital /community
pilots; utilized existing « ong state investme b Flospital/community Knowledge gaps and lack of
. Internet Plus Healthcare infrastructure uneven e . .
China platforms (WeChat/ oo . . clinician guidance hinder rural
. promotes standardization Cultural beliefs discourage
Alipay) . elders
Low rural uptake and coverage active rehab

Table 3. Adoption Patterns and Challenges of Digital Neurorehabilitation Technologies

United States: Rapid Uptake with Structural Gap in Connectivity and Access

The United States has witnessed significant growth in telerchabilitation as a strategy to bridge geographic and socioeconomic
disparities in neurorehabilitation access, especially following the COVID-19 pandemic. A critical development occurred in April
2020 when the Centers of Medicare & Medicaid Services (CMS) expanded telehealth reimbursement to include rehabilitation
therapists. 'This policy change formally established payment mechanisms for two-way, real-time interactive telehealth services
encompassing e-visits, check-ins, remote evaluations of recorded video/images, and telephone assessments. Concutrently,
professional guidelines were developed to standardize telerehabilitation and ensure care quality, through publications like Physical
Medicine and Rehabilitation Clinics of North America: Traumatic Brain Injury Rebabilitation and Physical Medicine.#!

Rural residents have been particularly active adopters of telerehabilitation for stroke recovery. Utilization rates increased
dramatically from 0.6 to 8.6 per 1,000 ischemic stroke cases in rural areas, compared to the more modest increase from 0.3 to 2.3
among urban residents.37%2 However, significant bartiers persist, as over one-fifth of the telerchabilitation studies systematically
exclude individuals lacking reliable internet or device access.*® Moreover, the funding landscape has shifted from National
Institutes of Health (NIH) grants toward industry-sponsored reseatch, raising concerns about long-term support and potential
biases in evaluation (Appendix 1, Interview 2).
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Switzerland: Digital Health Infrastructure with Limited Neurorehabilitation Uptake

Although comprehensive studies specifically addressing neurorehabilitation are limited, Switzerland has implemented progressive
telemedicine initiatives through its decentralized healthcare system. The federal “DigiSanté” programme, launched by Le
Département fédéral de I'intérieur, creates both the technical infrastructure and governance framework to support remote
consultations, data sharing, and cross-cantonal coordination of follow-up care.38

The pandemic served as a catalyst for adoption, with telerehabilitation utilization among Swiss physiotherapists surging from 4.9%
pre-pandemic to 44.6% at its peak, according to the survey data from 742 practitioners nationwide.** Notably, therapist-led tablet-
based interventions demonstrate particular efficacy for aphasia rehabilitation following stroke and traumatic brain injury, showing
significant language gains and high patient satisfaction.#> The Swiss Tele-Assisted Rehabilitation and Training (START) program
further enhances care continuity by supporting patient transitions across clinical settings. However, substantial challenges lie
ahead. Two-thirds of the physiotherapists from the telerehabilitation survey expressed no interest in continuing remote services
post-pandemic, and follow-up data on sustained adoption is lacking.**

Advanced technologies like VR and game-based neurorchabilitation protocols are beginning to emerge in cutting-edge clinical
treatments across Europe. In Switzerland, their implementation is uneven. Of the 55 certified neurorchabilitation centers in the
nation, only six to seven currently employ these advanced interventions, most of which are concentrated in resource-rich urban
areas such as Lausanne and Geneva (Appendix 1, Interview 0).

Additionally, while pilot programs report feasibility and practicality, older adults and individuals with limited digital literacy face
substantial difficulty adopting unfamiliar technologies.*® A cross-sectional sutvey in Geneva conducted between September 2021
to January 2022 found that older age was strongly associated with lower acceptance of video-based teleconsultations among both
patients and physicians; conversely, prior experience with videoconferencing predicted greater willingness and comfort with
remote care.#” These disparities sharply point to the infrastructural gaps and digital literacy divide. Without more inclusive policies
and proactive investment in community-level training and technology distribution, vulnerable populations of elders and residents
of remote Alpine regions stay at risk of being excluded from benefits of digital neurorehabilitation.

China: Rapid Innovation Outpacing Equitable Utilization

China’s rapid digital transformation and its enormous population present both opportunities and challenges of achieving equitable
access to technology-assisted neurorehabilitation. In October 2016, the State Council’s “Several Opinions on Accelerating the
Development of the Rehabilitation and Assistive Device Industry” elevated rehabilitation technology, including VR, Artificial
Intelligence (AI), brain—computer interfaces, and traditional Chinese medicine-based devices to strategic priorities, targeting an
industry output of ¥700 billion by 2020. Beginning in 2019, Chinese ministries launched community leasing pilots in 35 regions to
improve access to rehabilitation assistive devices. By March 2024, local governments had invested ¥586 million to build a leasing
network that distributed 113,000 devices and served nearly 917,000 person-times. These efforts are locally tailored: in Changzhou,
for instance, individuals under the Long-Term Care Insurance receive full device fee coverage, while low-income seniors receive
annual rent subsidies of up to ¥900.48

Yet, these blueprints have outpaced practical capacity. Hospitals and community health centers remain unevenly equipped, and
overall per-capita rehabilitation spending in China lags behind the U.S. The Chinese rehabilitation market for rehabilitative devices
is estimated at just one-cighth the size that the U.S. market, with an assistive device service rate of only 7.3%, compared to 82% in
the U.S.30 Public awareness of rehabilitation options and assistive devices remains low, and there is a significant shortage of
trained specialists to conduct individualized assessments.# Cultural beliefs such as “rest for a hundred days after injury (17 55801

—H K)”, combined with limited clinician guidance, further discourage proactive rehabilitation. Unless addressing these structural
and cultural gaps, even the most advanced devices risk underutilization in the very communities, namely rural elders and lower-
SES groups, that would benefit most.

Telerehabilitation has been used as a complementary strategy to relieve overcrowded hospitals and bridge urban-rural divides.
Widely used digital platforms like WeChat, Alipay, and Internet hospitals permit remote consultations with experienced
rehabilitation specialists. A growing array of telerchabilitation technologies, ranging from exoskeleton robotics and computer-
aided neurofunction evaluation systems to VR-based training, reflects the field’s vitality.*> At the policy level, the 2018 “Internet
Plus Healthcare” initiative and guidelines from the National Health Security Administration have promoted insurance coverage
for online services and encouraged standardization in digital care delivery.?®

Nonetheless, targeted action is needed to achieve equitable access to these innovations. A survey in rural Guangdong found that
although 67% of 2,101 respondents owned a smartphone or computer and 63% reported Internet access, only 14 individuals
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(0.67%) had ever experienced online health services.3® Another survey at a university hospital in a relatively developed urban area
reported a telerehabilitation adoption rate below 20%.5! These data underscore that infrastructure and device access alone are
insufficient. Factors such as limited awareness of telerehabilitation’s benefits, cultural hesitation, and a lack of supportive clinical
and social infrastructure contribute significantly to underutilization.

DISCUSSION & POLICY RECOMMENDATION

Neurorehabilitation requires sustained, interdisciplinary interventions that are still undervalued in most healthcare systems. This
devaluation undermines both provider participation and patient recovery, disproportionately affecting marginalized communities.
Drawing on the WHO's Rebabilitation 2030 Call the Action Framework, this study emphasizes the importance of tailoring policy
reforms to country-specific bartiers while integrating global insights. Below, the analysis identifies structural gaps and outlined
actionable recommendations to align financing, workforce distribution, and cultural integration with equitable neurorehabilitation
access.

United States: Affordability and Workforce Incentives

Heavily built around private insurance, the U.S. healthcare system contains structural gaps that hinder equitable
neurorchabilitation access. While Medicare and Medicaid provide a safety net for vulnerable populations, their low reimbursement
rates and cost-sharing burdens deter provider participation and patient follow-through. High OOP costs, and specialist shortages
in underdeveloped regions disproportionately impact low-income, elderly, and rural populations from equitable
neurorchabilitation.

To bridge these gaps, the U.S. could explore bundled-payment models for chronic neurological conditions, mirroring Germany’s
integrated approach, covering multidisciplinary care from acute treatment through long-term rehabilitation (Appendix 1, Interview
5)). Simultaneously, increasing Medicare and Medicaid reimbursement rates, coupled with loan forgiveness and tax deduction
programs for therapists practicing in underserved areas, would help redistribute the workforce and reduce access disparities.
Expanding telerchabilitation and infrastructure support also holds promise for decreasing geographic disparities in
neurorehabilitation access.

Switzerland: Reimbursement Reform and Cross-Cantonal Equity

Switzerland’s MHI ensures universal coverage but masks deep inequities in neurorehabilitation access driven by reimbursement
biases and urban-rural divides. Funded through DRGs that prioritize high-volume services, acute care outcompetes long-term
care and out-patient neurorehabilitation in providing better earnings and retaining therapists, leading to a professional shortage.
The physician referral mandate, paired with regional variation in funding and service availability, creates fragmented access—
particularly disadvantageous rural populations and those in lower-income cantons!+16.

Switzerland could adopt a more integrated payment structure, rewarding multidisciplinary teams for overall patient outcomes
rather than service quantity. Inspired by Netherland’s holistic care model, this could incentivize sustained care beyond isolated
interventions (Appendix 1, Interview 5). Additionally, standardizing cantonal funding mechanisms and implementing flexible
referral protocols for chronic neurological conditions could reduce administrative bottlenecks and improve access across regions.
Addressing the urban clustering of providers, particularly among foreign-trained specialists, is vital for ensuring equitable
neurorchabilitation nationwide.

China: Workforce Structure and Cultnral Integration

China’s neurorehabilitation challenges are uniquely shaped by rapid aging, urban-rural divides, and cultural preference for informal
caregiving. Although public policies and digital health reforms are advancing, many rural patients still travel long distances to
overcrowded urban hospitals for neurorchabilitation services, while local clinics stay under-resourced. Workforce shortages,
exacerbated by the legacy of the one-child policy and skewed gender ratios intensify these disparities. As a result, improving
neurorehabilitation service from a sociocultural perspective is imperative. To bridge these gaps and achieve China’s digital-health
ambitions, policymakers should implement targeted public-awareness campaigns regarding the benefits of neurorehabilitation and
develop digital competency programs for both healthcatre professionals and the general population. Enhancing the social status
and compensation of rehabilitation specialists can also attract more medical students to specialize in it (Appendix 1, Interview 8).
Expanding community-based neurorehabilitation pilots and promoting medical alliances strengthen primary care networks and
decentralize expertise. In addition, integrating traditional Chinese medicine and digital tools into care provision may improve
uptake and acceptance in the unique cultural setting.

Principles for Global Health Equity
Internationally, policy reforms targeting neurorchabilitation systems should prioritize the following three pillars:
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1) Financial alignment: payment and reimbursement systems should transit from episodic, service-dependent nature to more
outcome-based structure that rewards sustained recovery.

2) Workforce Distribution: rehabilitation specialists should enjoy enhanced social status and salary benefits that attract medical
graduates to specialize in the field. Targeting incentives including loan forgiveness, rural stipends, and cross-regional
qualifications, should be applied to redistribute professionals to underserved areas.

3) Cultural Integration: Digital tools, traditional practices, and community-unique characteristics should be integrated to develop
culturally appropriate neurorchabilitation service, particularly in marginalized communities.

Through reforms rooted in these principles, policymakers can reframe neurorchabilitation from a privilege of wealthy, urban, and
educated groups into a solid globally inclusive health service.

CONCLUSION

This comparative study examines how health financing schemes, care-delivery hierarchies, and technology adoption collectively
shape equitable access to neurorehabilitation in three distinct health-system contexts: the United States, Switzetland, and China.
Drawing from policy documents, expert interviews, and a multi-domain comparison of insurance and reimbursement models,
referral mechanisms, and telerchabilitation adoptions, it identified three structural domains central to access equity: insurer and
payment frameworks, care-delivery hierarchies and referral processes, and technology adoption.

In each nation, these structural factors result in stratified access patterns, exacerbating the cycle of disability and financial
hardships. In the U.S., high healthcare costs and fragmented state rules concentrate care among socioeconomically advantaged
and urban patients. In Switzerland, universal coverage coexists with regional and financial inequities driven by shortage in
outpatient service and providers clustering in urban centers. In China, the hospital-centric pattern, cultural atmosphere, and
medical priorities concentrate resources in tertiary facilities and acute-care interventions limit uptake in rural and low-income
populations in spite of reform efforts and digital innovation.

This study is limited from several aspects: first, while the comparative approach highlights cross-national contrasts, it relies on
secondary policy reviews and selective expert perspectives that may contain bias and fail to capture every local variation. Second,
the rapidly evolving field of digital health means that telerchabilitation initiatives can outpace the data available at the time of
writing. Third, the focus on three countries inherently restricts the generalizability of the results to broader contexts, such as low-
income countries. Nevertheless, the mechanisms identified and analyzed, including financing incentives, referral bottlenecks,
workforce misallocation, and digital divides, still offer a transferable administrative framework to improve global rehabilitation

equity.

Still, the study provides a holistic mapping of how distinct health-system architectures shape neurorchabilitation equity. By
uncovering common policy characteristics, it informs the ways regulation frameworks mitigate structural barriers to healthcare
access. These analyses provide new insights for health systems to transform neurorehabilitation into a universal bridge towards
functional recovery and social reintegration for individuals suffering from neurological conditions.

Achieving truly equitable neurorehabilitation requires system-wide efforts that align financial incentives to long-term care needs,
improve care coordination across hierarchies and professions, implement policies attracting specialists to underserved regions, and
ensure digital tools benefit all communities. Looking ahead, future studies could evaluate the effectiveness of bundled-payment
models, assess workforce redistribution strategies, and follow-up on real-world outcomes of telerchabilitation implementations,
particularly in underserved communities.
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PRESS SUMMARY

As populations age worldwide, access to neurorchabilitation remains unequal. This study compares the regulations and
implementation of neurorchabilitation in the U.S., Switzerland, and China and reveals barriers shaped by insurance policies, care
delivery systems, and resource distribution. In the U.S., fragmented insurance limits access for disadvantaged groups; in
Switzerland, financial incentives and referral rules create hidden inequities; and in China, hospital-centered systems and workforce
shortages worsen rural gaps. While telerehabilitation shows promise in some regions, challenges of infrastructure and digital
literacy persist. The study calls for aligning financial policies, care structures, and technology with principles of health equity to
build more equitable neurorchabilitation systems across the globe.
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