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Abstract

This article examines the economic implications of quantum imaging technologies
in precision medicine, with particular emphasis on how prohibitive implementation
costs exacerbate existing healthcare inequalities. While quantum imaging promises
revolutionary diagnostic capabilities through enhanced sensitivity and molecular-
level visualization, the financial barriers to adoption create a paradoxical situation
where technological advancement potentially widens rather than narrows the health-
care access gap. Through analysis of current cost structures, market dynamics, and
healthcare system constraints, this study demonstrates that quantum imaging tech-
nologies remain financially unviable for widespread implementation in most health-
care contexts. The analysis reveals that high capital expenditure requirements,
specialized infrastructure needs, and limited reimbursement frameworks create sys-
temic barriers that concentrate these technologies in elite healthcare facilities, ef-
fectively creating a two-tiered medical system. This technological stratification has
profound implications for health equity, as access to superior diagnostic capabili-
ties becomes increasingly correlated with socioeconomic status and geographic lo-
cation. The article argues that without deliberate policy interventions addressing
cost structures and access mechanisms, quantum imaging advances risk deepening
existing health disparities rather than serving their purported goal of democratizing
precision medicine.

Keywords: Quantum Imaging, Precision Medicine, Health Inequality, Healthcare Eco-
nomics, Technology Access
JEL Classification: I14, I18, O33

1 Introduction

The advent of quantum imaging technologies represents one of the most significant poten-
tial advances in medical diagnostics since the introduction of magnetic resonance imag-
ing in the 1970s. These technologies, leveraging quantum mechanical phenomena such
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as entanglement, superposition, and quantum correlation, promise diagnostic capabili-
ties that fundamentally transcend classical imaging limitations. Quantum biotechnology
applications range from quantum-enhanced sensors achieving sensitivities approaching
fundamental physical limits to novel capabilities for controlling biomolecular behavior,
with quantum-enabled imaging representing a particularly promising domain for clinical
translation (Mauranyapin et al., 2022).

The emergence of quantum technologies across multiple domains has prompted in-
creasing attention to their societal implications, yet as demonstrated through comprehen-
sive analysis of technical literature, social considerations remain dramatically underrepre-
sented in quantum technology discourse (Wolbring, 2022). This neglect extends critically
to quantum imaging applications in healthcare, where economic accessibility questions
receive insufficient attention despite their profound implications for health equity. The
disconnect between technological advancement and social impact analysis creates con-
ditions where innovations purportedly designed to benefit humanity may paradoxically
deepen existing inequalities.

Quantum technologies present both transformative opportunities and significant chal-
lenges for society, requiring anticipatory approaches to ensure responsible development
and deployment (de Jong, 2022). The integration of quantum computing capabilities into
various analytical domains, while promising enhanced processing capabilities, confronts
significant barriers related to cost, accessibility, and technical limitations that constrain
practical implementation (Mudhol, 2024). These challenges become particularly acute in
healthcare contexts where equitable access represents a fundamental concern rather than
merely a technical consideration.

The translation of quantum imaging from laboratory demonstrations to clinical imple-
mentation faces formidable economic obstacles that receive insufficient attention in both
scientific literature and health policy discourse. While technical challenges related to
quantum decoherence, system stability, and measurement protocols dominate academic
discussions, the fundamental economic reality remains largely unexamined: current quan-
tum imaging technologies are prohibitively expensive for all but the most elite healthcare
institutions, and this cost structure shows little evidence of approaching economically
sustainable levels for widespread deployment. Industry assessments of quantum comput-
ing applications consistently identify high implementation costs and limited accessibility
as primary barriers to adoption (Quantum Technology and Application Consortium –
QUTAC, 2021).

This economic reality creates a profound paradox at the intersection of technologi-
cal progress and health equity. Precision medicine, the paradigm that quantum imaging
purportedly advances, explicitly promises personalized healthcare tailored to individual
biological characteristics. Yet the cost structures inherent to quantum imaging imple-
mentation ensure that such personalization will remain accessible only to those with
substantial financial resources or access to exceptionally well-funded healthcare systems.
Rather than democratizing advanced diagnostics, quantum imaging threatens to create
what can be termed technological health stratification, where diagnostic capability be-
comes increasingly correlated with socioeconomic status. This pattern mirrors broader
concerns observed with automation and artificial intelligence, where technological ad-
vancement tends to exacerbate rather than ameliorate existing social inequalities (Kuban
State Agrarian University et al., 2025; Yolusever, 2025).
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The economic dimensions of this technological divide extend beyond simple questions
of equipment pricing. Quantum imaging systems require sophisticated cryogenic infras-
tructure, electromagnetic shielding, vibration isolation systems, and highly specialized
technical personnel. The operational costs associated with maintaining quantum coher-
ence in clinical environments add substantial ongoing expenses beyond initial capital
investment. Furthermore, current healthcare reimbursement systems, designed around
established imaging modalities with well-documented cost-effectiveness profiles, provide
limited economic incentives for quantum imaging adoption even in contexts where capital
availability might permit such investment. Healthcare financing mechanisms must bal-
ance innovation adoption against value delivery, requiring careful consideration of cost-
effectiveness and equitable access (Conrad, 2015).

This article examines the economic barriers to quantum imaging implementation in
precision medicine and analyzes their implications for healthcare inequality. The analy-
sis proceeds through several interconnected dimensions. First, it establishes the current
state of quantum imaging technologies and their associated cost structures, demonstrat-
ing the financial unviability of widespread deployment under present conditions. Second,
it examines how these cost barriers interact with existing healthcare system structures
to create differential access patterns. Third, it analyzes the broader implications of tech-
nological stratification for health equity and social justice. Finally, it considers potential
policy interventions and market mechanisms that might address these inequalities, while
acknowledging the fundamental economic constraints that limit the effectiveness of such
interventions in the near to medium term.

The central argument advanced here is that quantum imaging, despite its technical
promise, currently functions as a mechanism for deepening rather than reducing health in-
equalities. This outcome is not inevitable but reflects specific economic structures, policy
choices, and market dynamics that could theoretically be altered. However, realistic as-
sessment of the magnitude and persistence of cost barriers suggests that quantum imaging
will remain a technology accessible primarily to privileged populations for the foreseeable
future, with significant implications for health justice and social equity. Understanding
these dynamics requires engagement with economic theory regarding technological change,
market failures, and the distribution of innovation benefits across populations (Dubbink,
2003).

2 Quantum Imaging Technologies: Current State and

Financial Realities

Quantum imaging encompasses several distinct technological approaches, each with unique
economic characteristics. Quantum-enhanced magnetic resonance imaging exploits quan-
tum correlations to improve sensitivity beyond classical shot-noise limits. Quantum opti-
cal coherence tomography utilizes entangled photon pairs to achieve enhanced resolution
and penetration depth. Quantum sensors based on nitrogen-vacancy centers in diamond
enable magnetic field detection at molecular scales. The field of quantum biotechnology
demonstrates how quantum effects can provide functional benefits in biological systems,
including more efficient energy transport and improved catalytic rates, while also enabling
unprecedented sensing and imaging capabilities (Mauranyapin et al., 2022).
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These technologies differ in physical principles and potential applications but share
fundamental economic characteristics that create similar barriers to clinical implemen-
tation. The capital costs associated with quantum imaging systems significantly exceed
those of advanced classical imaging modalities. A state-of-the-art magnetic resonance
imaging system suitable for clinical use costs between two and three million dollars. By
contrast, quantum-enhanced imaging systems requiring superconducting quantum inter-
ference devices operate at liquid helium temperatures, necessitating continuous cryogenic
infrastructure with installation and maintenance costs exceeding conventional systems by
an order of magnitude.

Beyond initial capital expenditure, operational costs for quantum imaging create sub-
stantial ongoing financial burdens. Maintaining quantum coherence in clinical environ-
ments requires isolation from thermal noise, electromagnetic interference, and mechanical
vibrations that pervade typical healthcare facilities. The cryogenic systems necessary for
many quantum imaging modalities consume significant electrical power and require spe-
cialized maintenance by personnel with expertise in both quantum systems and medical
imaging. This dual specialization requirement creates labor cost structures substantially
higher than those associated with conventional imaging modalities. The scarcity of indi-
viduals possessing both quantum physics expertise and clinical imaging knowledge creates
a labor market characterized by acute supply constraints and correspondingly elevated
compensation requirements.

The development of quantum literacy and specialized education programs represents
an additional challenge, as understanding quantum computing and quantum technologies
requires bridging highly technical physics concepts with practical applications in ways
accessible to diverse learners (Nita et al., 2021). This educational gap further constrains
the available workforce and drives labor costs upward, creating additional barriers to
technology diffusion beyond the direct equipment expenses.

The current financial unviability of quantum imaging for widespread clinical deploy-
ment becomes apparent when considering total cost of ownership over equipment lifecy-
cles. Healthcare economic evaluation typically employs metrics such as cost per quality-
adjusted life year or incremental cost-effectiveness ratios to assess whether new tech-
nologies warrant adoption. For quantum imaging to achieve favorable cost-effectiveness
profiles comparable to established imaging modalities, it would need to provide diagnos-
tic improvements that substantially alter treatment outcomes and patient trajectories.
However, the incremental diagnostic value of quantum imaging over advanced classical
techniques, while potentially significant for specific applications, rarely reaches the mag-
nitude necessary to justify cost differentials of the magnitude currently observed.

This economic reality creates a fundamental obstacle to technology diffusion. Classi-
cal models of medical technology adoption assume that innovations demonstrating clini-
cal superiority will gradually diffuse through healthcare systems as costs decline through
learning curves, economies of scale, and competitive dynamics. However, quantum imag-
ing faces physical and technical constraints that prevent the dramatic cost reductions
observed in other technological domains. The requirement for cryogenic temperatures,
the need for quantum coherence preservation, and the fundamental physics of quantum
measurement impose cost floors below which quantum imaging systems cannot decline
without sacrificing the quantum advantages they purportedly provide.

The concentration of quantum imaging development in a small number of elite research
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institutions and advanced healthcare centers reflects these economic realities. Facilities
implementing quantum imaging prototypes typically benefit from research funding that
subsidizes capital acquisition and operational costs, removing economic constraints that
would apply in purely clinical contexts. This creates a misleading impression of techno-
logical maturity and clinical readiness that obscures the fundamental economic obstacles
preventing broader deployment. The pattern parallels broader dynamics in innovation
ecosystems where early-stage technologies concentrate in well-resourced institutional set-
tings before facing harsh economic realities during attempted commercial deployment
(?).

Market dynamics further complicate the economic picture. The small potential mar-
ket for quantum imaging equipment, limited to the most elite healthcare institutions,
prevents manufacturers from achieving economies of scale that might reduce unit costs.
The high technical barriers to entry limit competition, allowing developers to maintain
prices at levels that recover substantial research and development investments. Patent
protection on fundamental quantum imaging techniques creates additional market power
that prevents competitive pressure on pricing. These market structure characteristics
suggest that even with technological maturation, quantum imaging costs are unlikely to
decline to levels comparable with conventional imaging modalities.

3 Economic Barriers and Access Stratification

The cost structures described above interact with healthcare system organization and
financing mechanisms to create systematic patterns of differential access. Healthcare
systems worldwide exhibit substantial variation in resource availability, with high-income
nations commanding per capita health expenditures orders of magnitude higher than
those available in low and middle-income countries. Within high-income nations, further
stratification exists between well-funded urban academic medical centers and resource-
constrained rural or community healthcare facilities. Quantum imaging implementation,
given its cost structure, concentrates almost exclusively in the most privileged tier of this
already stratified system.

Geographic concentration of quantum imaging capabilities creates what might be
termed diagnostic deserts where entire populations lack reasonable access to these tech-
nologies regardless of individual financial resources. Even in contexts where patients might
theoretically afford to pay out-of-pocket for quantum imaging procedures, the absence of
nearby facilities possessing the necessary equipment and expertise creates insurmount-
able access barriers. This geographic dimension of inequality compounds socioeconomic
factors, as populations already disadvantaged by limited economic resources frequently
reside in regions characterized by limited healthcare infrastructure.

The technological transformation of work and economic activity, while offering poten-
tial for productivity improvements, also presents risks of disruption and disadvantage for
those unable to access or utilize advanced technologies (Raja and Christiaensen, 2017). In
healthcare contexts, this manifests as a fundamental divide between populations with ac-
cess to cutting-edge diagnostic capabilities and those relying on conventional approaches.
The capacity to benefit from technological advancement depends critically on infrastruc-
ture availability and resource access, creating systematic disparities that transcend indi-
vidual characteristics.
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Insurance reimbursement policies create additional access barriers distinct from the
direct costs of quantum imaging implementation. Healthcare financing systems typically
require robust evidence of clinical effectiveness and cost-effectiveness before authorizing
reimbursement for new diagnostic modalities. The evidentiary requirements for such
authorization demand large-scale clinical trials demonstrating that quantum imaging im-
proves patient outcomes sufficiently to justify its costs. However, the limited deployment
of quantum imaging systems prevents accumulation of the clinical evidence necessary to
satisfy reimbursement agencies, creating a circular obstacle to broader adoption.

For technologies that do receive insurance coverage, reimbursement rates often fail
to reflect true costs, particularly for innovations requiring substantial infrastructure and
specialized expertise. This creates economic disincentives for healthcare facilities to in-
vest in quantum imaging even when capital might be available. The mismatch between
reimbursement rates and actual costs forces facilities to either absorb substantial losses
on quantum imaging procedures, cross-subsidize them through other profitable services,
or restrict access to patients capable of paying significant out-of-pocket amounts. Each of
these responses contributes to access inequality through different mechanisms (Conrad,
2015).

The interaction between technological costs and healthcare system financing creates
particularly acute disparities in contexts characterized by mixed public-private healthcare
provision. In such systems, private facilities catering to affluent populations can poten-
tially justify quantum imaging investments as amenities that justify premium pricing and
attract high-value patients. Public facilities serving broader populations face harder bud-
get constraints and stronger pressures to allocate limited resources toward interventions
benefiting larger patient numbers. This dynamic ensures that quantum imaging concen-
trates in private institutions serving privileged populations while remaining unavailable
to those depending on public healthcare provision. These patterns reflect broader chal-
lenges in resource allocation where public investment decisions must balance innovation
adoption against opportunity costs of foregone alternative interventions (Zilberman et al.,
2018).

International dimensions of inequality deserve particular attention. The concentration
of quantum imaging in high-income nations reflects not only cost barriers but also the
geographic distribution of research institutions, technical expertise, and advanced health-
care infrastructure. Even relatively wealthy developing nations often lack the combination
of capital, expertise, and infrastructure necessary for quantum imaging implementation.
This creates a global technological divide where entire nations find themselves system-
atically excluded from advances in precision medicine that quantum imaging supposedly
enables.

These access patterns have significant implications for health outcomes and health
equity. To the extent that quantum imaging provides genuine diagnostic advantages
enabling earlier disease detection or more precise treatment targeting, differential ac-
cess translates directly into disparate health outcomes. Diseases detected earlier through
quantum imaging in privileged populations may be identified only at advanced stages in
populations lacking access to these technologies. Treatment protocols optimized through
precision diagnostics available to some populations may remain unavailable to others, cre-
ating systematic outcome disparities rooted in technological access rather than biological
factors.
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The long-term consequences of such technological stratification extend beyond im-
mediate diagnostic advantages. As precision medicine paradigms increasingly assume
availability of advanced diagnostic capabilities, clinical research and treatment protocol
development may implicitly incorporate assumptions about diagnostic information avail-
ability that apply only to privileged populations. This risks creating a two-tiered medical
knowledge system where cutting-edge therapeutic approaches assume diagnostic capabili-
ties available only to minority populations, while majority populations receive care based
on older paradigms and more limited diagnostic information.

4 Theoretical Frameworks for Understanding Tech-

nological Health Stratification

Understanding the economic mechanisms through which quantum imaging creates health
stratification requires engagement with theoretical frameworks from health economics,
technology diffusion studies, and inequality analysis. The concept of skill-biased techno-
logical change from labor economics provides useful analytical parallels. Just as labor-
market technologies that complement high-skilled workers while substituting for low-
skilled workers can increase wage inequality, healthcare technologies that enhance capa-
bilities available only to privileged populations can deepen health inequalities (Yolusever,
2025).

The economics of technology adoption under uncertainty offers additional relevant
insights. When new medical technologies emerge, healthcare providers and patients face
decisions under uncertainty regarding both effectiveness and cost-effectiveness. Standard
models suggest that early adopters typically possess greater financial resources and higher
risk tolerance, accepting uncertain returns in exchange for potential advantages. However,
in healthcare contexts where treatment decisions involve fundamental questions of health
and survival, the stakes of unequal technology access exceed those in typical market
contexts. The inability to access potentially life-saving diagnostic capabilities due to cost
constraints represents a more profound disadvantage than typical forms of consumption
inequality.

The recognition that quantum technologies represent fundamental shifts with far-
reaching societal implications beyond their immediate technical applications suggests the
need for comprehensive frameworks addressing social, ethical, and economic dimensions
alongside technical development (Krishnamurthy, 2022). Human rights perspectives on
technology development emphasize obligations to ensure that innovations serve broad
societal interests rather than concentrating benefits among privileged populations. How-
ever, translating such normative commitments into practical mechanisms for equitable
technology access remains challenging.

Information economics provides frameworks for analyzing how differential access to
diagnostic technologies creates information asymmetries with health consequences. Supe-
rior diagnostic information available to some populations enables more informed treatment
decisions and potentially better health management. This creates a form of information-
based health inequality distinct from traditional concerns about unequal treatment access.
Even if treatment options themselves remain broadly available, differential diagnostic ca-
pability means that populations lack equal information with which to make health deci-
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sions.
The concept of technological unemployment from economics of automation finds paral-

lels in healthcare contexts where quantum imaging capabilities make conventional diagnos-
tic approaches obsolete. As precision medicine paradigms increasingly assume quantum-
level diagnostic information, physicians and healthcare systems lacking access to quantum
imaging may find their diagnostic capabilities devalued or considered inadequate. This
creates pressures for continuous technological upgrading that many healthcare systems
cannot sustain, potentially creating a ratchet effect where the definition of adequate care
continuously escalates beyond reach of resource-constrained systems (Kuban State Agrar-
ian University et al., 2025).

Network effects and complementarities in healthcare technology create additional dy-
namics relevant to understanding quantum imaging inequality. The value of quantum
imaging capabilities depends partly on availability of complementary technologies and
expertise for interpreting and acting upon diagnostic information generated. Healthcare
systems that can afford quantum imaging typically also possess other advanced capa-
bilities that amplify its value, while systems lacking quantum imaging also tend to lack
complementary technologies. This creates divergent trajectories where technological ca-
pabilities compound over time, with well-resourced systems continuously advancing while
resource-constrained systems fall progressively further behind.

Economic theories of club goods offer frameworks for understanding how quantum
imaging might function as a positional good within healthcare systems. If quantum
imaging access becomes a marker of elite healthcare provision, its value to privileged
populations may derive partly from exclusivity rather than purely from clinical benefits.
This creates perverse incentives where reducing costs and broadening access might actually
reduce the technology’s value to early adopters who prize the distinction of accessing
unavailable capabilities. While such dynamics are distasteful from equity perspectives,
they reflect real economic behaviors that influence technology diffusion patterns.

From a welfare economics perspective, the question arises whether quantum imaging
inequality represents a legitimate concern or simply reflects the inevitable reality that
new technologies always emerge first in privileged contexts before eventually diffusing
more broadly. The crucial issue is whether quantum imaging costs are likely to decline
sufficiently to enable broad access within relevant time horizons, or whether fundamental
constraints prevent the cost reductions observed with other technologies. The analy-
sis presented here suggests the latter, implying that quantum imaging inequality may
represent a more persistent phenomenon than optimistic technology diffusion narratives
suggest. These dynamics require careful consideration within frameworks that balance
innovation incentives against distributional concerns (Gilles, 2010).

5 Market Dynamics, Innovation Incentives, and Pol-

icy Implications

The market structure surrounding quantum imaging development creates dynamics that
simultaneously drive innovation and entrench inequality. Research and development in-
vestments in quantum imaging technologies respond to market incentives shaped by the
willingness to pay of potential adopters. Elite healthcare institutions and affluent patient
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populations represent the most lucrative markets, creating incentives for developers to
optimize technologies for high-end applications rather than pursuing cost reduction and
accessibility improvements that would serve broader populations.

Patent protection and intellectual property frameworks play ambiguous roles in this
context. On one hand, patent protection provides necessary incentives for costly re-
search and development by allowing developers to recover investments through temporary
monopoly pricing. On the other hand, patent protection on fundamental quantum imag-
ing techniques creates barriers to competition and cost reduction, potentially extending
the period during which quantum imaging remains economically inaccessible to broad
populations. The optimal intellectual property regime for balancing innovation incentives
against access concerns remains contentious and unresolved.

Public research funding represents a potential mechanism for addressing market fail-
ures in quantum imaging development. Governments might subsidize research explicitly
oriented toward cost reduction and accessibility improvement rather than solely pursuing
technical advancement. However, the magnitude of subsidies necessary to meaningfully
reduce quantum imaging costs likely exceeds plausible public research budgets in most
contexts. Furthermore, tensions between national competitiveness objectives and global
health equity goals complicate public research funding priorities.

Healthcare financing reforms represent another potential policy lever for addressing
quantum imaging inequality. Reimbursement policies that adequately compensate quan-
tum imaging procedures might reduce financial barriers to institutional adoption. How-
ever, such policies face fundamental sustainability questions given the high costs involved
and limited public budgets for healthcare provision. The theory of value-based payment
incentives suggests that reimbursement mechanisms should align with demonstrated clin-
ical value and outcomes improvement rather than simply covering costs (Conrad, 2015).
For quantum imaging, establishing such value propositions requires extensive clinical ev-
idence that remains largely unavailable.

Alternative financing mechanisms such as risk-sharing agreements, where reimburse-
ment depends on demonstrated clinical benefits, might align incentives more effectively
but require administrative capacity often lacking in healthcare systems. Collective action
frameworks suggest that governance institutions must create arrangements that redefine
incentive structures to encourage cooperation and equitable resource distribution (Ho-
lahan and Lubell, 2016). However, translating such theoretical insights into practical
quantum imaging access policies confronts significant implementation challenges.

Regulatory interventions could potentially address quantum imaging inequality through
various mechanisms. Requirements that healthcare facilities receiving public funding pro-
vide quantum imaging access to underserved populations might reduce geographic concen-
tration. However, such mandates risk either being ignored due to enforcement difficulties
or creating perverse incentives where facilities avoid public funding to escape access re-
quirements. Restrictions on quantum imaging deployment to only facilities meeting equity
criteria might slow adoption in elite institutions but would do little to expand access to
underserved populations.

International cooperation mechanisms represent another policy domain relevant to
quantum imaging inequality. Technology transfer agreements, capacity building initia-
tives, and knowledge sharing protocols might help reduce international disparities in
quantum imaging access. However, such initiatives face challenges related to intellectual
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property protection, technical complexity, and the substantial infrastructure requirements
for quantum imaging implementation. Historical experience with technology transfer in
other domains suggests that good intentions often fail to overcome fundamental economic
and technical obstacles.

The role of philanthropic organizations and non-governmental entities deserves con-
sideration. Private foundations focused on health equity might fund quantum imaging
deployment in underserved contexts or subsidize access for disadvantaged populations.
However, the magnitude of costs involved likely exceeds the capacity of philanthropic
funding to meaningfully address quantum imaging inequality at scale. Furthermore, re-
liance on philanthropy for basic healthcare access raises fundamental questions about
social obligations and the proper role of public policy versus private charity.

An uncomfortable reality that must be acknowledged is that no plausible combination
of policies appears likely to eliminate quantum imaging inequality in the near to medium
term given fundamental cost structures and resource constraints. Policy interventions
might mitigate the most extreme disparities or slow the pace at which inequality deepens,
but cannot realistically promise equitable quantum imaging access absent dramatic cost
reductions that current evidence suggests are unlikely. This acknowledgment is not fatal-
istic but rather reflects sober assessment of economic and technical realities that constrain
what policy can achieve.

6 Broader Implications for Precision Medicine and

Health Justice

The quantum imaging case study illuminates broader tensions within precision medicine
regarding the relationship between technological advancement and health equity. Preci-
sion medicine’s rhetoric emphasizes personalization and optimization of care for individ-
ual patients, implicitly promising healthcare tailored to personal biological characteristics
rather than population averages. However, the cost structures of technologies enabling
such precision create systematic access barriers that contradict universalist aspirations
embedded in health equity discourse.

This tension raises fundamental questions about how societies should evaluate and pri-
oritize technological advances in medicine. Should innovations that benefit only privileged
minorities receive the same social support and celebration as technologies accessible to
broader populations. The utilitarian calculus focusing on aggregate welfare maximization
might justify quantum imaging development if benefits to some populations exceed costs
even when others are excluded. However, egalitarian and justice-based frameworks that
prioritize reducing health inequalities rather than simply maximizing aggregate health
outcomes would reach different conclusions.

The concept of technological leapfrogging, where resource-constrained contexts skip
intermediate technological stages to adopt cutting-edge innovations, appears unlikely to
apply to quantum imaging given its infrastructure and expertise requirements. This
suggests that quantum imaging inequality may prove more persistent than inequalities
associated with other medical technologies where simplified or adapted versions eventu-
ally reached resource-constrained contexts. The fundamental physics underlying quantum
imaging appears to permit limited scope for low-cost simplification while retaining essen-

10



Quantum Imaging Cost Barriers W. S. A. Ramos

tial quantum advantages.
Questions about moral obligations to ensure equitable access to medical innovations

remain contested and unresolved. One perspective holds that societies bear obligations to
ensure all populations benefit from medical advances, with inequitable access representing
a failure of social justice. Alternative views argue that as long as innovation improves
some lives without worsening others, inequality in access to superior technologies repre-
sents an acceptable price for progress that eventually benefits broader populations. The
quantum imaging case challenges the latter perspective by suggesting that costs may never
decline sufficiently to enable broad access. These debates connect to broader questions
about the relationship between technological innovation and social development, where
the distribution of innovation benefits remains a critical concern (?).

Quantum technologies raise fundamental questions about how societies prepare for and
govern transformative innovations with far-reaching implications (de Jong, 2022). The an-
ticipatory governance frameworks proposed for quantum technologies emphasize the need
for demystification of unrealistic perceptions, contextualization through facilitative socio-
technical environments, stakeholder engagement, flexible regulatory frameworks, and in-
ternational cooperation. However, translating such comprehensive governance visions into
practical mechanisms for ensuring equitable quantum imaging access remains challenging.

The role of patient autonomy and informed consent becomes problematic when pop-
ulations systematically lack access to superior diagnostic capabilities. Can consent to
treatment based on conventional imaging be truly informed when quantum imaging might
reveal additional clinically relevant information. How should physicians navigate conver-
sations with patients about diagnostic limitations when those limitations reflect economic
constraints rather than technical impossibilities. These questions have no clear answers
but deserve serious ethical and policy attention.

7 Discussion

The analysis presented reveals quantum imaging as a particularly stark example of how
technological advancement can deepen rather than reduce health inequalities. Unlike
many medical technologies that eventually diffuse broadly as costs decline and capabili-
ties simplify, quantum imaging appears likely to remain concentrated in elite healthcare
contexts for the foreseeable future. This concentration reflects not merely lag between
innovation and diffusion but rather fundamental economic and technical constraints that
limit the scope for cost reduction and simplification.

Several factors distinguish quantum imaging from other medical technologies in ways
that create particularly persistent access barriers. First, the fundamental physics of quan-
tum mechanics imposes constraints that prevent dramatic simplification or cost reduction
without sacrificing the quantum advantages that justify the technology. Second, the in-
frastructure and expertise requirements create high fixed costs that limit economies of
scale and prevent competitive dynamics from driving substantial price reductions. Third,
the small potential market relative to development costs creates incentives for developers
to focus on high-end applications rather than pursuing accessibility improvements.

These characteristics suggest that policy interventions face harder constraints with
quantum imaging than with many other healthcare technologies. While subsidies, reim-
bursement reforms, and regulatory interventions might mitigate some aspects of quantum
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imaging inequality, fundamental cost structures limit what such policies can achieve. The
magnitude of resources required to provide equitable quantum imaging access likely ex-
ceeds what most societies can or will allocate to healthcare in the foreseeable future.

This sobering conclusion does not imply resignation to quantum imaging inequality
but rather suggests the need for realistic assessment of what is achievable and what trade-
offs different policy choices entail. Societies must consider whether resources devoted to
expanding quantum imaging access might achieve greater health benefits if allocated to
other interventions with more favorable cost-effectiveness profiles. The opportunity costs
of pursuing equitable access to high-cost technologies deserve explicit consideration rather
than being obscured by abstract commitments to equity.

The quantum imaging case also raises questions about research priorities and innova-
tion policy. Should public research funding emphasize pushing the technological frontier
even when resulting innovations will be accessible only to privileged minorities, or should
research prioritize incremental improvements to widely accessible technologies. These
questions lack clear answers but deserve explicit deliberation rather than implicit resolu-
tion through research funding decisions made without considering equity implications.

Looking forward, the trajectory of quantum imaging inequality depends on technologi-
cal developments, market dynamics, and policy choices that remain uncertain. Optimistic
scenarios might envision breakthroughs that dramatically reduce quantum imaging costs
or alternative technological approaches that achieve similar diagnostic capabilities through
more accessible means. Pessimistic scenarios anticipate deepening technological stratifi-
cation as quantum imaging becomes standard of care in elite contexts while remaining
unavailable to broad populations. Realistic assessment based on current evidence sug-
gests outcomes likely falling between these extremes but closer to pessimistic scenarios
than optimistic ones. The challenge facing policymakers and society involves navigat-
ing these dynamics while maintaining commitment to health equity principles even when
perfect equality remains unattainable (Wheatley Research Consultancy, 2024).

8 Conclusion

This analysis has examined the economic barriers to quantum imaging implementation
in precision medicine and their implications for health inequality. The evidence demon-
strates that quantum imaging technologies remain financially unviable for widespread
deployment, with cost structures that create systematic access disparities. These dispar-
ities reflect not merely temporary lag between innovation and diffusion but fundamental
economic constraints that limit the scope for cost reduction and accessibility improvement.

The concentration of quantum imaging capabilities in elite healthcare institutions
serving privileged populations creates a form of technological health stratification with
significant implications for health equity. Differential access to superior diagnostic ca-
pabilities translates into disparate health outcomes, with diseases detected earlier and
treated more precisely in populations with quantum imaging access. This pattern con-
tradicts the universalist aspirations embedded in precision medicine rhetoric and raises
serious questions about whether technological advancement serves to reduce or deepen
health inequalities.

Policy interventions including research funding, reimbursement reforms, regulatory
requirements, and international cooperation mechanisms might mitigate some aspects

12



Quantum Imaging Cost Barriers W. S. A. Ramos

of quantum imaging inequality but face fundamental constraints imposed by cost struc-
tures and resource limitations. The magnitude of resources required to provide equitable
quantum imaging access likely exceeds plausible allocations in most healthcare systems,
requiring difficult trade-offs between pursuing equitable access to advanced technologies
versus allocating resources to interventions with more favorable cost-effectiveness profiles.

The quantum imaging case illuminates broader tensions within precision medicine
regarding the relationship between technological advancement and health justice. As
medical capabilities increasingly assume availability of advanced diagnostic technologies,
populations lacking such access risk falling progressively further behind, creating diver-
gent trajectories in healthcare quality and outcomes. This dynamic challenges optimistic
narratives suggesting that technological progress inevitably benefits all populations, re-
vealing instead how innovation under conditions of unequal resources can deepen existing
disparities.

Moving forward, societies must grapple with fundamental questions about how to
evaluate and prioritize medical innovations. Should technologies accessible only to privi-
leged minorities receive the same support as broadly accessible interventions. How should
research priorities balance pushing the technological frontier against improving widely
available capabilities. What obligations do societies bear to ensure equitable access to
medical advances, and what trade-offs are acceptable in pursuit of such equity. These
questions lack clear answers but deserve explicit deliberation rather than implicit resolu-
tion through market mechanisms and research funding decisions made without adequate
consideration of equity implications.

The uncomfortable reality revealed by this analysis is that quantum imaging will likely
remain a technology accessible primarily to privileged populations for the foreseeable
future, creating persistent health inequalities rooted in technological stratification. This
outcome is not inevitable but reflects specific economic structures, market dynamics, and
policy choices that could theoretically be altered. However, realistic assessment of the
magnitude and persistence of cost barriers suggests that achieving equitable quantum
imaging access represents a formidable challenge unlikely to be resolved through plausible
near-term interventions. Acknowledging this reality, while distressing, is essential for
honest policy discourse and realistic priority setting in healthcare innovation and access.
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