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Abstract

Although technological innovations are often intended to improve quality and efficiency,
they can exacerbate systemic challenges when not aligned with the principles of value-
based care. As a result, healthcare systems in many countries face persistent inefficiencies
stemming from the overuse, underuse, misuse, and waste associated with the adoption of
health technology. This narrative review examines the dual impact of healthcare technology
and evaluates how contract mechanisms can serve as strategic tools for promoting cost-
effective, outcome-oriented integration. Drawing from healthcare management, and supply
chain literature, this paper analyzes various payment and contract models, including
performance-based, bundled, cost-sharing, and revenue-sharing agreements, through the
lens of stakeholder alignment. It explores how these mechanisms influence provider
behavior, patient access, and system sustainability. The study contends that well-designed
contract mechanisms can align stakeholder incentives, reduce inefficiencies, and support
the delivery of high-value care across diverse healthcare settings. We provide concrete
examples to illustrate how various contract mechanisms impact the integration of health
technologies in practice.

Keywords: health technology adoption; healthcare inefficiency; overuse; underuse; misuse;
waste; healthcare spending; value-based care; payment models; contract mechanisms

1. Introduction

Health technologies are often seen as tools to enhance operational efficiency and care
quality in healthcare systems. However, they may contribute to overuse; underuse; misuse;
administrative waste; the delivery of low-value care; and, most notably, inflated prices. This
double-edged nature of technology adoption underscores the need for more value-based
evaluation frameworks [1-5].

In response to these challenges, this paper argues that appropriately structured con-
tract mechanisms can serve as a foundation for the integration of technologies into health-
care operations. By linking payment with value and performance, such mechanisms offer a
pathway to align stakeholder interests and support value-oriented outcomes [6].

Contract mechanisms are essential tools that define how financial and operational
risks are distributed among stakeholders and determine the structure of pricing and pay-
ment [7]. They influence provider behavior, service utilization, and the overall efficiency
of care delivery. They help align stakeholder goals toward value-based outcomes, en-
courage accountability through performance-based metrics, and promote cost control by
discouraging low-value care [8]. Thus, contract mechanisms play a critical role in either
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enabling or hindering the adoption of innovative technologies by determining whether
such innovations are appropriately incentivized and reimbursed [9].

While contract mechanisms have been extensively explored in supply chain man-
agement literature [10,11], their application in healthcare management, particularly in
enhancing operational efficiency and enabling value-based technology adoption, remains
insufficiently addressed. Some traditional models, such as fee-for-service and subsidiza-
tion models, have been widely studied within the healthcare context [12-14]. However,
other mechanisms more commonly found in supply chain management, such as revenue-
sharing [15], wholesale price [16], and cost-sharing [17] contracts, have seen limited applica-
tion in healthcare [18]. Given their proven success in aligning stakeholders and minimizing
inefficiencies in other industries, contract mechanisms warrant further investigation in
the context of healthcare operations management. This paper seeks to bridge that gap by
examining a broader range of contract models through the lens of healthcare operations
and technology management.

Distinct from previous studies, this paper adopts a narrative review approach to
examine common inefficiencies in healthcare operations, including overuse, underuse,
misuse, administrative waste, inflated pricing, and low-value care, that can arise when
technological innovations are not aligned with value-based care principles or fail to consider
the perspectives of key stakeholders. Unlike much of the existing literature, this study
focuses on contract mechanisms as actionable strategies to embed value more consistently
across healthcare systems. It emphasizes the importance of stakeholder alignment among
patients, providers, technology suppliers, and policymakers. Furthermore, this work draws
on supply chain management literature to identify contract models that can inform policy
and managerial decision-making in the application of technology within healthcare systems.
In contrast to prior reviews, this study provides concrete examples of how to identify value
in the context of healthcare technology integration. It demonstrates how contract design
can be used to reduce inefficiencies and improve alignment with value-based care goals [6].
The contract mechanisms explored in this paper have not been collectively examined in
a single study within the healthcare management literature, particularly in the context of
value-based technology adoption with concrete examples. This distinction sets the present
work apart from prior studies and provides valuable insights for healthcare managers
and policymakers.

2. Methodology and Review Design

This paper adopts a narrative review approach [19,20] to examine the dual nature
of technology adoption in healthcare systems, with a focus on the key inefficiencies it
can generate, including overuse, underuse, misuse, administrative waste, low-value care,
and inflated pricing. It then synthesizes the literature on contract mechanisms across
managerial disciplines, particularly supply chain management, to explore how they can
be utilized to control costs and improve operational efficiency. By doing so, the review
integrates the contracting subject with healthcare-specific payment and service models to
offer new insights into the value of technology adoption in a value-based context.

Narrative Reviews

A narrative review is especially suitable for this study due to its conceptual and
integrative focus. The following features characterize narrative reviews.

* Aim to interpret, critique, and contextualize literature across broader themes;

¢ Use flexible and diverse methodologies (e.g., conceptual synthesis and expert judgment);

¢  Suited for exploring under-defined or complex issues where integration of ideas
is critical;



Systems 2025, 13, 655

30f22

*  May involve subjective interpretation but offer deeper conceptual insights.

In this context, a narrative review is well-suited for synthesizing diverse bodies of
literature on healthcare inefficiencies, technology adoption, and contract mechanisms. This
approach supports conceptual integration and critical reflection, both of which are essential
for addressing the complexity of healthcare reform. Specifically, it enables a synthesis of
how operational inefficiencies intersect with the adoption of innovative health technologies
and how contract mechanisms can be leveraged to support value-based improvements [20].

Scope and purpose

Unlike systematic reviews that focus on aggregating empirical findings within a
narrowly defined question, this review is conceptual and integrative. It aims to

¢ Analyze the implications of adopting innovative health technologies and their poten-
tial to both mitigate and exacerbate inefficiencies;

e Explore inefficiencies in healthcare systems, including waste, overuse, underuse,
misuse, and high spending;

e Examine various types of contract mechanisms and evaluate their potential to facilitate
the integration of new technologies while minimizing operational inefficiencies.

As part of this narrative review, we clarify the application of contract mechanisms
in healthcare, highlighting how they can preserve value and address deficiencies in
the adoption of technology. We also critically examine the challenges associated with
their implementation.

Source Selection

This review draws on a targeted and thematically grounded search of peer-reviewed
journal articles, policy reports, expert opinions, and conceptual frameworks. As this is
a narrative review, the selection of keywords was guided by expert opinions [1,2]. The
research objective was to explore contract mechanisms that support the adoption of value-
based technologies in healthcare systems. Keywords were predefined based on domain
familiarity and aligned with thematic areas, including “value-based healthcare”, “contract
mechanisms”, “technology adoption”, and “health system inefficiencies”. Searches were
conducted primarily using Google Scholar, PubMed, and Scopus and were supplemented
by a snowballing approach that traced keywords and references from highly cited papers.

Relevant journals were selected for their focus on health economics, healthcare op-
erations, and policy. Examples include Health Policy, Health Economics, and the Journal of
Operations Management. Similar to the selection of keywords, journal selection was guided
by expert opinions [1,2] and the research objectives, without a fixed prioritization rule
among the chosen journals. While not exhaustive, the review emphasizes recent literature
from the past 45 years, with selective inclusion of foundational works that inform the
conceptual development of the topic.

Limitations

As a narrative review, this paper does not aim to catalog all empirical studies on each
topic comprehensively. Instead, it seeks to synthesize key insights and identify conceptual
linkages across disciplines [21]. Unlike systematic reviews following PRISMA guidelines,
where keywords are typically derived from existing literature and refined through pilot
searches to ensure comprehensive coverage [22], this narrative review adopts a purposeful
and interpretive approach. Search terms are defined based on conceptual framing, expert
opinion, and the review’s thematic scope. While this introduces an element of subjectivity,
it is balanced by a conceptual integration and policy applicability to the complex challenges
of healthcare technology adoption.
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Although a narrative review is not inherently biased, it is more prone to bias than
systematic reviews if not carefully managed and controlled. This is because narrative
reviews rely heavily on expert judgment to select, interpret, and synthesize literature,
increasing the risk of selection and confirmation bias. Nevertheless, when review objectives
are clearly articulated and methodological choices are transparently explained, the narrative
approach remains both valid and valuable, particularly for conceptual synthesis.

Table 1 summarizes key methodological distinctions between systematic and narrative
reviews, highlighting the rationale for the approach adopted in this study.

Table 1. Comparison of systematic and narrative reviews.

Aspect Systematic Review Narrative Review
Purpose Comprehensive, reproducible search Thematic, conceptual exploration
. Data-driven: extracted from prior studies, Author-driven: based on researcher expertise,
Keyword Selection . . : - -
pilot searches, and indexing terms guiding framework, and topic focus
Requires an explicit search strategy (e.g., The reasoning must still be explained, even
Transparency Boolean logic, databases, or when flexibility and expert judgment
inclusion/exclusion) are applied

Reviewer’s Role

Minimal influence; aims to reduce bias

Interpretive: reviewers synthesize and
interpret existing knowledge

3. Literature Review
Value in Healthcare Delivery

In healthcare, value is broadly defined as the health outcomes achieved relative to
the cost of delivering care. This concept encompasses several managerial principles. A
treatment may be considered cost-effective if it yields improved health outcomes per unit
of expenditure, cost-efficient if it optimizes the use of limited resources, and cost-beneficial
if its monetary benefits exceed its costs. Value increases when outcomes improve without
additional cost; when costs are reduced without compromising outcomes; or, ideally, when
both occur. Key dimensions of value include clinical results (such as survival, symptom
relief, and functional improvement); patient experience (including satisfaction, accessibility,
and communication quality); and efficient resource use, particularly through the avoidance
of unnecessary services or hospitalizations [23-27].

Technology as a Double-Edged Sword

Health technology, as used in this paper, refers to both technological innovations and
the digitalization of healthcare. It is intended to deliver value and is widely regarded as
a key solution to inefficiencies and poor quality in healthcare systems. When well man-
aged, digital tools and medical technologies can enhance value by improving provider
performance, clinical outcomes, cost efficiency, and workflow integration. However, with-
out rigorous evaluation and thoughtful integration, these technologies can also introduce
significant challenges and diminish value. They may contribute to operational inefficiencies,
including inflated costs, overuse, underuse, misuse, and waste. In some cases, they may
even undermine the very outcomes they are designed to improve.

Moreover, even when technologies yield short-term improvements in health outcomes,
they can still contribute to inefficiencies in the long term [28,29]. This dual potential,
offering both benefits and risks, underscores the need for careful, value-based approaches
to the adoption of technology in healthcare.
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Technology-Driven Spending and Its Consequences

In some countries, particularly the U.S., the adoption of advanced health technolo-
gies has significantly contributed to high healthcare spending. While the U.S. does not
necessarily use more healthcare services than other countries, it pays substantially more for
nearly every component of care, including hospital stays, diagnostic tests, medical proce-
dures, and prescription drugs [1]. This pricing disparity reflects a broader pattern in which
technology is adopted without adequate emphasis on cost-effectiveness or value alignment.

The consequences of this high spending are wide-ranging. For individuals, it often
results in high out-of-pocket expenses, reduced access to necessary care, and increased
financial strain, especially among the uninsured or underinsured. Firms that provide
health benefits are burdened by rising premiums, which can limit their capacity to increase
wages and may lead to greater cost-sharing for employees. At the national level, escalating
healthcare expenditures consume an ever-growing share of GDP, limiting public investment
in other sectors such as education, infrastructure, and social services [1].

Several healthcare systems continue to underperform on key health outcomes despite
massive expenditures. For instance, a 2015 analysis of U.S. healthcare spending found
that only USD 1.4 trillion to USD 2.86 trillion, representing 44% to 89% of total spending,
provided direct patient benefits. The remaining expenditures were attributed to non-clinical
costs, such as administrative overhead and overpriced services [30]. A comparative study
of 12 developed nations revealed that Americans receive 40% less care per capita while pay-
ing significantly more, with the U.S. system operating at 27% lower efficiency overall [31].
According to the 2024 Mirror, Mirror report by the Commonwealth Fund, the U.S. health
system ranks last in performance among ten high-income countries, despite spending
significantly more per capita and as a share of GDP. This indicates that the longstanding
pattern of high spending combined with poor system-level outcomes continues to per-
sist [32]. These are examples highlighting the need for more value-driven approaches to
technology implementation.

A similar pattern can be observed in India, where the emphasis on high-end technolo-
gies in areas such as pediatric cardiac care has increased treatment costs while limiting
accessibility for most of the population. As R. Krishna Kumar (2011) notes, a focus on
expensive interventions has excluded many from life-saving services, suggesting that lower
cost, simpler innovations could improve outcomes more equitably [33].

It is worth noting that some other countries present a stark contrast. For instance,
countries such as Sweden, the Netherlands, and Japan have demonstrated that carefully
targeted, cost-effective technological adoption can yield better health outcomes relative
to spending. Their experiences highlight that the value of technology lies not merely in
its availability, but in how thoughtfully it is integrated into healthcare systems to support
efficiency and equity [34].

Excessive healthcare spending can also lead to overuse, misuse, and waste, which are
examined in the sections that follow.

Overuse in healthcare technology

Overuse in healthcare technology refers to the excessive or inappropriate use of
digital health tools, leading to unnecessary medical consultations, tests, or treatments.
The overuse of healthcare technology can strain healthcare systems by increasing the
demand for services, potentially leading to longer wait times and resource allocation issues.
It also raises concerns about the cost-effectiveness of care and the potential for unnecessary
medical procedures [35].
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Moral hazard as a driver of overuse

One key economic mechanism contributing to overuse is moral hazard, the ten-
dency for patients and providers to overutilize healthcare services due to insurance
coverage [36—40]. When individuals are insulated from the full cost at the point of care,
demand may rise regardless of clinical necessity. On the supply side, fee-for-service pay-
ment models create financial incentives for providers to deliver more care, even when it
offers limited value [1,41]. This dynamic can fuel the widespread use of low-value services,
escalates expenditures [42], and contributes to inefficiencies such as overtreatment, elevated
out-of-pocket costs, and inequitable access to essential care in the U.S. context [43,44].

Moreover, when insurance schemes fail to distinguish between necessary and dis-
cretionary services, they may inadvertently exacerbate disparities and strain public bud-
gets [45]. These challenges should be considered in any reform plan for value-based
insurance design to enhance both the efficiency and equity of healthcare delivery [46].

Supplier-induced demand and overuse

Another critical driver of overuse is supplier-induced demand, in which healthcare
providers influence patients’ use of services beyond what is clinically necessary, often
due to financial or structural incentives [1]. This phenomenon stems from information
asymmetry between patients and providers, as well as the agency relationship that defines
medical decision-making. Richardson and Peacock (2006) argue that physicians may shape
demand without acting unethically, given the inherent uncertainty in clinical choices [47].

In the U.S,, this issue is compounded by entrenched clinical norms and systemic
inertia. A comprehensive review by Korenstein et al. (2012) identified antibiotics for upper
respiratory infections, coronary angiography, and carotid endarterectomy as among the
most frequently overused services [48].

Importantly, the issue is not unique to the U.S. healthcare system. In Norway, Serensen
and Grytten (1999) found that increased competition among physicians under a fixed-fee
system did not lead to more procedures per patient. In contrast, in Belgium and the
Netherlands, fee-for-service payment models have been shown to encourage supplier-
induced demand [49-51].

Supplier-induced demand has also been documented in other countries. For instance,
in Iran, expansive insurance coverage has facilitated unnecessary procedures such as
angiography [52,53]. In China, Shen et al. (2024) observed seasonal overutilization in hos-
pitals, which is attributed to financial incentives embedded in the current hospital funding
models [54]. Despite the global relevance of this issue, research on overuse remains limited
and fragmented, particularly in terms of developing scalable and effective interventions to
address it. Thus, addressing supplier-induced demand requires a multifaceted approach
involving the reform of payment systems, strengthening of regulatory oversight, fostering
of accountability, and shifting of clinical culture and education [55].

Misuse

According to the Institute of Medicine’s 2001 report, Crossing the Quality Chasm,
misuse is defined as the failure of a planned action to be completed as intended or the use
of a wrong plan to achieve an aim. In the context of healthcare, this refers to the provision
of appropriate care that is poorly executed, leading to preventable complications, harm,
or failure to achieve expected health outcomes [56]. Notably, the U.S. healthcare system
exemplifies this imbalance, marked by the overuse of low-value services and the underuse
of evidence-based care, twin failures that drive inefficiency and misuse without improving
outcomes [1].
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Waste

A significant share of healthcare spending in several countries is attributable to waste.
According to Shrank et al. (2019), the U.S. system wastes between USD 760 billion and
USD 935 billion annually, corresponding to approximately 25% of total spending, across
categories such as overtreatment, failure of care delivery and coordination, pricing failures,
and fraud [57]. A global scoping review by Olivares-Tirado and Zanga (2024) corrobo-
rates these findings, identifying administrative complexity and pricing failure, which are
especially prevalent in the U.S., as some of the most systemic and avoidable sources of inef-
ficiency [58]. The review highlights that the fragmented multi-payer system, burdensome
bureaucracy, and lack of price regulation make the U.S. particularly vulnerable to exces-
sive waste. Even conservative estimates place total waste at USD 600 to USD 900 billion,
with upper-bound estimates as high as USD 1.9 trillion. These numbers underscore that
reducing waste is not only a fiscal imperative but also an ethical necessity for advancing
equity and improving health outcomes [1,2].

Administrative complexity and its consequences in operations management

The use of advanced technologies can introduce administrative complexity, which,
alone, accounts for over USD 265 billion in avoidable waste annually. As a central challenge
in healthcare operations management, it affects how resources are allocated, services are
coordinated, and performance is monitored. Inefficient processes, such as redundant
paperwork, fragmented information systems, and poorly designed workflows, increase
administrative burdens and inflate costs without improving value. From an operations
management perspective, tools such as workflow redesign, capacity planning, and process
standardization provide pathways to reduce inefficiencies while supporting care delivery.
Beyond financial losses, administrative complexity imposes substantial burdens on patients,
as nearly one in four insured, nonelderly adults reports delaying or forgoing care due to
difficulties with scheduling, billing, or navigating prior authorizations [59]. These obstacles
disproportionately affect individuals with disabilities, lower incomes, or limited education,
deepening existing inequities. In addition to targeting administrative waste, interventions
addressing other inefficiencies could generate savings of USD 191 to USD 286 billion,
making a compelling case for evidence-based, patient-centered reforms that enhance both
efficiency and access [57].

Consequences of overuse, waste, and misuse in healthcare systems

Overuse, waste, and misuse represent a triad of inefficiencies that significantly un-
dermine the value of healthcare. Kwiatkowski et al. documented how the overuse of
laboratory tests coexisted with poor chronic disease control and limited clinical value [60].
At the same time, waste in healthcare systems leaves vulnerable populations without access
to proven interventions. Misuses, such as diagnostic errors or inappropriate treatments,
waste resources and directly compromise patient safety [61].

Together, these inefficiencies divert resources from high-need areas, erode public
trust, and diminish the overall effectiveness of care. They reflect a broader systemic
failure to allocate healthcare resources based on value and need. Addressing these issues
systematically rather than in isolated policy or clinical silos, is essential for building a more
equitable, efficient, and outcome-oriented healthcare system.

Underuse

Underuse is another type of inefficiency that occurs when patients fail to receive
appropriate, recommended, or necessary care. This can result from barriers such as cost,
limited access, lack of awareness, or systemic inefficiencies [1]. Underuse reflects the failure
to deliver effective, evidence-based services, even when they offer clear clinical benefits,
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leading to preventable harm, increased disease burden, and missed opportunities for
public health improvement. In the U.S., many high-risk veterans missed timely COVID-19
antiviral treatments due to operational and communication failures [62].

The issue manifests in varied ways internationally. In China, the uptake of preventive
services, such as cancer screening, is influenced by individual risk preferences and access
to information [63]. In Germany, both general practitioners and patients report underuse in
specialist and inpatient care due to systemic and guideline-related barriers [64]. Middle-
income countries face similar challenges. Thailand, for example, struggles with access to
migraine therapies due to cost and regulatory issues [65]. At the same time, the broader
integration of artificial intelligence into clinical care remains hindered by infrastructural,
legal, and cultural obstacles [66].

These examples underscore how underuse contributes not only to avoidable morbidity
and mortality but also to growing healthcare inequities, necessitating reforms in education,
financing, and system design [67-70].

The impact of payments on inefficiencies in healthcare technology adoption

Several studies have shown that the amount and, more importantly, the structure of
healthcare payments significantly influence stakeholder behavior, contributing to inefficien-
cies such as overuse, underuse, waste, and excessive spending in healthcare technology
adoption [1]. Addressing payment distortions is essential to unlocking the full potential of
healthcare technologies.

Payment reform through contract mechanisms for value-oriented technology adoption

Following the preceding discussion, payment reform is often a foundational require-
ment for value-oriented technology adoption in healthcare systems. Contracts define both
the amount and structure of payments. They play a central role in shaping and distributing
risk among stakeholders. When thoughtfully designed around desired health outcomes,
contract mechanisms can align stakeholder goals with social utility and even foster collabo-
ration between public and private actors to strengthen the healthcare system [71].

Fernandez-Salido et al. (2024) emphasize that payment reform requires more than
financial realignment between stakeholders; it also demands modern infrastructure to en-
sure data transparency and accountability [72]. Similarly, Rooke-Ley et al. (2024) highlight
the importance of regulatory compliance among stakeholders [73]. These enablers can be
established through formal contract mechanisms, underscoring their strategic importance
in shaping the adoption of healthcare technology.

Fee for service as the most common payment model driving inefficiencies in health-
care systems

Fee for service remains the most prevalent contract model for incorporating technology
into healthcare delivery. Conventional fee-for-service models continue to reward volume
over value, encouraging unnecessary or low-impact interventions. Cielo et al. (2024)
report that such models led to increased inefficiencies, reduced payment transparency,
and weakened the purchasing power of public insurers [74]. This model contrasts with
value-based payment models that seek to align reimbursement with care quality, coordina-
tion, and measurable outcomes. However, as Parikh et al. (2022) caution, even value-based
systems can perpetuate overuse or misaligned incentives if poorly designed, especially
when technology adoption is not explicitly tied to clinical benefit [75].

Stakeholder risks and inefficiencies in technology use under fee for service

Under the fee-for-service model, technology adoption often shifts risk unevenly across
stakeholders [76]. Patients face unnecessary costs due to overuse; providers are incen-
tivized to increase service volume rather than value; technology suppliers may benefit from
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higher sales but risk reputational harm if technologies are misused; and the government
bears the long-term financial burden of rising costs without guaranteed improvements in
outcomes. This misalignment weakens the push toward value-driven healthcare. Conse-
quently, the fee-for-service model contributes to widespread inefficiencies, including the
overuse and misuse of medical technologies; inflated healthcare spending; administrative
waste; and, in some cases, underuse of high-value preventive tools that are not financially
rewarded under volume-based reimbursement [6].

It should be noted that contract mechanisms must be evaluated in light of sector-
specific goals and incentives to ensure they promote efficiency and long-term performance.
For example, fee-for-service contracts may reduce direct costs in supply-driven sectors like
lithium sourcing, where they offer flexibility and limit fixed cost exposure [77]. In contrast,
in healthcare, the fee-for-service model often drives overuse, fragmented care, and higher
system-level costs. Despite clear unit pricing, the model misaligns payment with outcomes,
making it increasingly viewed as cost-increasing and inefficient in health systems.

Case example: artificial intelligence-based diagnostic tools and value realization
in practice

To ground the discussion in a concrete context, we focus on the case of artificial
intelligence (Al)-based diagnostic tools (e.g., for sepsis [78,79], stroke [80], and radiol-
ogy [81]). When used appropriately, these technologies can deliver substantial value,
including early detection of life-threatening conditions; reduced cognitive burden among
clinicians; and faster, evidence-based decision-making. However, they also pose risks of
inefficiency, such as overuse in low-evidence contexts, misuse due to over-reliance on algo-
rithmic outputs, waste resulting from poor system integration, and high implementation
and licensing costs.

Under a fee-for-service contract structure, the provider is reimbursed by the payer for
each performed Al-supported test or interpretation, while paying the technology supplier
a fee per use or license (e.g., per scan read). Patients typically receive the service without
knowing whether Al was involved, and there is usually no direct contract between payers
and tech suppliers. This model creates limited incentive to ensure that Al improves
outcomes and often leads to inefficiencies, including overuse, waste from under-integrated
tools, and escalating costs driven by volume-based incentives.

The fee-for-service model imposes high risk on patients and payers, as it incentivizes
unnecessary service use and increases overall costs. Providers and suppliers face relatively
low risk due to volume-based reimbursement.

Transitioning from fee-for-service to value-based payments through alternative con-
tract mechanisms

Alternative contract mechanisms can help to move away from fee-for-service struc-
tures by aligning stakeholders’ goals with value rather than volume. These approaches
also promote the adoption of technologies that enhance outcomes without driving up inef-
ficiencies and costs. However, their success hinges on a broad perspective that considers
the interaction and goals of stakeholders [82].

In the following sections, we expand on this example by examining contract mecha-
nisms other than the fee-for-service model and analyzing their implications for key health-
care stakeholders, including patients, providers, technology suppliers, and government or
payers. In this paper, providers refer to healthcare delivery organizations such as hospitals,
physicians, or clinics. At the same time, technology suppliers denote companies that de-
velop or distribute health technologies, including Al-based diagnostic tools. The analysis
highlights how different contract models can either exacerbate or mitigate inefficiencies in
health technology use.
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Performance-based contracting to align incentives with value

Performance-based contracting links reimbursement to outcomes rather than service
volume, encouraging evidence-based, cost-effective care and reducing unnecessary technol-
ogy use [83]. This model realigns incentives across stakeholders, with providers focusing
on results, suppliers developing outcome-driven innovations, and payers gaining cost
control with greater accountability. Research increasingly supports its role in promoting
value-oriented healthcare [1,2,84-92].

Case example: performance-based contracts for AI-driven diagnostics

In a performance-based contract model for Al-based diagnostics, the provider is
reimbursed by the payer based on measurable outcome improvements, such as increased
diagnostic accuracy or reduced clinical errors attributable to Al use. The technology
supplier is compensated only if the Al tool contributes to the achievement of these goals,
aligning incentives across stakeholders. In some cases, payers may directly share savings
with vendors. Patients benefit indirectly through higher quality care. This model supports
value-based care by promoting effective, outcome-oriented use of Al, though overly rigid
or poorly defined performance metrics may risk underuse or discourage innovation.

Technology suppliers bear high risk under this model, since payment depends on
outcome delivery. Providers face moderate risk, while patients and payers benefit from
lower exposure to poor performance.

Promoting high-value care through population- and episode-based payments

Population-based payment provides healthcare providers with a fixed per person pay-
ment to manage the full spectrum of care for a defined population. This model encourages
preventive and coordinated care while discouraging low-value services [93-95]. Episode-
based payments (also known as bundled payments) offer a single payment for all services
related to a specific condition or treatment episode, promoting efficiency, outcome-driven
care, and cost control. Both models shift financial risk to providers and support value-based
care, aiming to reduce fragmentation, overuse, and administrative inefficiency [96-102].

Case example: population-based contracts for AI-driven diagnostics

In a population-based payment model, the provider receives a fixed per capita pay-
ment to manage the health of a defined population, incorporating Al-based diagnostics
within that budget. Technology adoption is often constrained by cost efficiency, and Al
use is typically targeted toward high-risk patients, while low-risk individuals may receive
fewer or no Al-driven interventions. Though payers rarely contract directly with tech
suppliers, public payers may subsidize broader Al implementation. This model encourages
preventive, long-term care and improves value by reducing overuse and misuse, though it
may lead to underuse if providers ration services to stay within budget limits.

In population-based payment, providers take on high financial risk due to fixed per
capita payments. Patients and suppliers share moderate risk, while payers have relatively
low risk due to budget predictability.

Case example: episode-based contracts for Al-driven diagnostics

In a episode-based (bundled) model, the provider receives a fixed payment for the en-
tire episode of care, such as stroke diagnosis and recovery, and must manage all associated
costs, including Al tools, within that budget. The patient benefits from integrated, coordi-
nated services, while tech suppliers are paid by providers under cost constraints. There
is typically no direct contract between payers and tech suppliers. This model promotes
efficient and outcome-oriented Al use, helping to reduce overuse and waste; however, it
may lead to underuse if providers avoid higher-cost technologies, even when they are
clinically beneficial.
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In episode-based (bundled) payment, providers face high risk managing total episode
costs, while patients benefit from low risk through coordinated care. Payers and suppliers
carry moderate risk based on case complexity and cost distribution.

Stakeholder perspectives on technology use under cost-sharing contracts

Cost-sharing contracts split expenses between parties, supporting joint innovation
in areas like vaccine development and digital health. They accelerate patient access to
new technologies, reduce financial risk for providers, and motivate suppliers to invest in
impactful solutions. For governments, they lower upfront costs and foster partnerships
aligned with public health goals, minimizing inefficiencies from fragmented or duplicative
efforts [103].

Case example: cost-sharing contracts for Al-driven diagnostics

In a cost-sharing model, the financial burden of Al implementation is distributed
across stakeholders. Providers and tech suppliers may split upfront costs, with suppliers
offering discounts or deferred payments. Payers typically reimburse only part of the Al-
related expenses and, in some cases, may co-fund pilot programs with vendors. Patients
might also share costs through co-pays. This model can facilitate Al adoption in resource-
limited settings, but it carries a risk of underuse if shared costs deter providers or patients.
Its effectiveness largely depends on equitable design and sufficient institutional support.

In this contract, suppliers bear high risk from shared financial responsibility and
uncertain uptake. Patients face low risk, while providers and payers experience moderate
exposure depending on contract design.

Differentiated payment mechanisms for sustainable technology adoption

Differentiated payment mechanisms vary reimbursement based on clinical value,
service type, or patient need and/or income, prioritizing high-impact technologies while
limiting support for low-value care [104,105]. This approach improves access for under-
served groups, encourages providers to use technology thoughtfully, and drives suppliers
to focus on cost-effective innovations. For governments and payers, it enables strategic
resource allocation and reduces inefficiencies tied to fee-for-service models and supports
more sustainable healthcare spending [1,2].

Case example: differentiated payment contracts for Al-driven diagnostics

In a differentiated payment model, providers receive higher reimbursement for using
Al-based diagnostics when applied to high-risk patients or when evidence thresholds are
met, encouraging more targeted use. Licensing costs from tech suppliers may also vary by
patient group or clinical context. Payers might incentivize deployment in specific settings,
such as rural hospitals. Patients benefit by receiving advanced diagnostics when clinically
justified. This model supports high-value, impact-driven Al use while helping reduce
overuse and misuse, though it may introduce added administrative complexity.

By varying payment based on clinical value, this model creates high risk for suppliers,
particularly in lower-value segments. Patients remain low-risk, while providers and payers
assume moderate risk due to administrative complexity.

Stakeholder perspectives on technology use under firm fixed-price contracts

Firm fixed-price contracts set a non-negotiable payment for defined services, pro-
moting cost control and efficiency, especially for standardized care. Patients benefit from
transparency, though access to complex or personalized care may be limited. Providers
and suppliers are incentivized to reduce costs and streamline technology use, potentially
discouraging innovation. For payers, this model supports budgeting but requires precise
service definitions to avoid underuse or quality issues [106,107].
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Case example: firm fixed-price contracts for AI-driven diagnostics

In a firm fixed-price model, the provider pays the tech supplier a set fee for the Al tool,
regardless of how often it is used. This offers cost predictability and simplifies budgeting,
though the payer may or may not reimburse based on that fixed arrangement. Patients
experience no direct change in care delivery but benefit from more stable access to the
technology. While the model ensures financial stability, it may lead to underuse if providers
limit use to avoid sunk costs or to waste if the tool is underutilized despite being paid for.

This model places high risk on both providers and suppliers, who must operate within
rigid price constraints. Patients face a moderate risk, while payers benefit from cost stability
and low exposure.

Stakeholder perspectives on technology use under fixed-price contracts with an incen-
tive fee

Fixed-price contracts with an incentive fee offer a base payment plus performance
bonuses, rewarding efficiency, quality, and improved outcomes. Patients benefit from
higher quality, outcome-focused care. Providers and suppliers are motivated to use re-
sources and technologies effectively, aligning with value-based goals. For payers, this
model balances cost control with incentives for innovation and accountability [107,108].

Case example: fixed-price contracts with an incentive fee for AI-driven diagnostics

In a fixed-price model with an incentive fee, the provider pays the tech supplier
a base fee for the Al tool, with additional bonuses tied to performance metrics such as
improved diagnostic accuracy. Payers may also link provider reimbursement to outcomes
and even, in some cases, coordinate incentive structures with suppliers in public—private
partnerships. Patients benefit indirectly through higher quality diagnostics. This model
sends a clear performance signal to both suppliers and providers, promoting value while
reducing misuse, waste, and moral hazard.

In this contract, stakeholder risk is moderate for providers and suppliers, who are
incentivized but not guaranteed bonuses. Patients and payers experience low risk, gaining
value from performance-based rewards.

Stakeholder perspectives on technology use under fixed-price contracts with economic
price adjustment

Fixed-price contracts with economic price adjustment set a stable base payment but
allow for price changes based on inflation or cost shifts, making them suitable for long-
term healthcare agreements. This model supports care continuity, protects providers and
suppliers from cost volatility, and enables sustained investment in technology. For payers,
it offers cost control with flexibility, reducing inefficiencies tied to rigid pricing [107,109].

Case example: fixed-price contracts with economic price adjustment for Al-driven
diagnostics

In a fixed-price model with economic adjustment, the provider pays the tech supplier
a set base price for the Al tool, with allowances for modifications based on inflation,
regulatory changes, or system upgrades. Payments from payers to providers may also
adjust slightly to reflect changing cost environments. While there is no direct link between
payers and suppliers, patients benefit from consistent care quality with reduced risk of
service disruption. This model helps maintain long-term value amid market volatility and
protects against underuse that might result from unexpected cost increases.

In such contracts, moderate risk applies to providers and suppliers, particularly if cost
adjustments lag market conditions. Patients and payers maintain low risk through pricing
flexibility and continuity of care.
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Stakeholder perspectives on technology use under time and materials contracts

Time and materials contracts pay based on actual work and resources used, offering
flexibility for piloting and customizing health technologies. They support innovation
and real-time problem solving but may lack cost transparency and efficiency incentives.
For payers, the model enables early-stage experimentation but requires strong oversight to
prevent overspending and inefficiencies [107].

Case example: time and materials contracts for Al-driven diagnostics

In a time and materials model, the provider compensates the tech supplier based
on the time and resources spent on tasks such as integration, maintenance, and training
of Al-driven diagnostics. These support costs are often not fully reimbursed by payers,
and direct contracts between payers and suppliers are rare. Patients may experience delays
in benefiting from the technology due to extended implementation timelines. While this
model is useful during pilot or testing phases, it carries a risk of inefficiency if not carefully
monitored, as it may incentivize prolonged work to increase billable hours.

In such contracts, payers face high risk due to uncertain and variable costs. Patients
and suppliers bear moderate risk, while providers have low risk, as they pay only for what
is needed.

Stakeholder perspectives on technology use under indefinite delivery, indefinite
quantity contracts

Indefinite delivery, indefinite quantity contracts enable flexible, on-demand procure-
ment of services or technologies, ideal for scalable initiatives like telehealth or emergency
response. They enhance care access and adaptability for patients and providers, support
responsive innovation from suppliers, and give payers strategic flexibility. However, with-
out clear performance metrics, they may risk variability and oversight issues [107,110,111].

Case example: indefinite delivery, indefinite quantity contracts for AI-driven diagnostics

In an indefinite delivery, indefinite quantity model, the provider contracts with the
tech supplier to pay per use of the Al tool within a flexible time frame and spending
cap. Payers reimburse providers only when services are delivered, promoting cost control.
Occasionally, payers and suppliers may collaborate on scalable programs, particularly in
innovation-driven settings. Patients benefit from flexible access to Al tools as needed. This
model supports agile deployment and reduces waste, though underuse may occur if usage
remains below contractual thresholds.

In such contracts, all stakeholders share moderate risk due to demand unpredictabil-
ity and flexible delivery terms. Patients generally have a low risk, benefiting from
scalable access.

Stakeholder perspectives on technology use under wholesale price contracts

Wholesale price contracts set a fixed unit price per product or service, enabling
bulk purchasing of standardized tools. They offer pricing transparency and procurement
efficiency for providers and suppliers but may encourage overuse or misaligned adoption
without value-based safeguards. For payers, the model supports cost control but requires
oversight to ensure appropriate use and quality care [107,112,113].

Case example: wholesale price contracts for Al-driven diagnostics

In a wholesale price model, the provider purchases the Al tool in bulk or via an annual
license, securing a lower per unit cost from the tech supplier. Payers typically continue to
reimburse on a per use basis, regardless of the provider’s wholesale savings, and there is no
direct interaction between payers and suppliers. Patients are not directly affected but may
benefit if providers pass on cost savings. While this model can improve provider margins
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and potentially lower costs, it also risks overuse if low per use pricing is not accompanied
by usage oversight.

In this contract, providers benefit from low risk, but payers carry moderate risk if
overuse occurs. Suppliers and patients also face low to moderate risk, depending on
usage oversight.

Stakeholder perspectives on technology use under repurchase contracts

Repurchase contracts let sellers buy back unused services, reducing financial risk
and discouraging overprocurement. This promotes targeted, evidence-based technology
use; supports provider experimentation; and encourages suppliers to align products with
clinical needs. For payers, it limits waste and enables more flexible, value-driven resource
allocation [107,114].

Case example: repurchase contracts for AI-driven diagnostics

In a repurchase model, the tech supplier agrees to buy back unused Al licenses or
upgrade outdated software, reducing financial risk for the provider. Payers typically
reimburse only for diagnostics that are actually used, while some may support repurchase
arrangements through policy incentives. Patients benefit from more reliable and up-to-date
tools. This model enhances provider confidence in adopting new technologies, increases
investment trust, and helps reduce waste and the risk of underutilization.

In such contracts, suppliers bear high risk by committing to buybacks or upgrades.
This reduces risk for providers, patients, and payers, who are better protected from under-
use or obsolete tools.

Stakeholder perspectives on technology use under revenue-sharing contracts

Revenue-sharing contracts divide healthcare profits among providers, suppliers,
and investors, aligning incentives around performance and value. They encourage ef-
ficient, outcome-driven care and shared accountability, though they risk overuse if poorly
managed. For payers, this model reduces upfront costs but requires strong oversight to
ensure value-based care [115].

Case example: revenue-sharing contracts for Al-driven diagnostics

In a revenue-sharing model, the tech supplier earns income only when the provider
uses the Al tool successfully or generates billable services, aligning supplier compensation
with actual usage and outcomes. From the payer’s perspective, billing remains standard,
with the cost of the technology embedded in the service fee. Patients benefit indirectly
through more innovative and outcome-focused care. While payers may be unaware of
the arrangement unless involved in a public—private initiative, this model helps reduce
underuse and waste while promoting adoption by aligning incentives across stakeholders.

In such contracts, suppliers face high risk, since income depends on provider-
generated revenue. Patients, providers, and payers share moderate risk, especially if
service demand is uncertain or variable.

Stakeholder perspectives on technology use under quantity flexibility contracts

Quantity flexibility contracts let buyers adjust order volumes within set limits, offering
adaptability in response to shifting healthcare demands. This improves patient access,
helps providers avoid overstocking, and encourages suppliers to offer scalable solutions.
For payers, it balances cost control with responsiveness, reducing inefficiencies from
demand uncertainty [116].

Case example: quantity flexibility contracts for AI-driven diagnostics

In a quantity flexibility model, the provider has the option to adjust the volume of Al
licenses based on clinical demand, paying the tech supplier only for what is needed. Payers
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reimburse based on actual usage, and there is no direct relationship between payers and
suppliers. For patients, this ensures that Al tools are available when necessary, without
excess capacity. This approach enhances value by enabling scalable adoption and reduces
inefficiencies such as overstock-related waste and underuse due to rigid contract volumes.

This model ensures low risk for patients and providers, who can adjust orders
based on need. Suppliers assume moderate risk due to demand variability, while payers
remain low-risk.

Stakeholder perspectives on technology use under refund contracts

Refund contracts reimburse costs for ineffective or returned technologies, shifting
risk to suppliers and promoting accountability. They protect patients from low-value
care, encourage provider adoption of innovations, and push suppliers to ensure clinical
effectiveness. For payers, this model prevents wasteful spending and supports outcome-
based procurement [117].

Case example: refund contracts for Al-driven diagnostics

In a refund model, the tech supplier agrees to reimburse the provider partially or fully
if the Al tool fails to meet predefined performance benchmarks, such as excessive false
positives. Payers typically only reimburse for effective and validated Al use, while their
direct involvement with suppliers is limited. Patients benefit through enhanced safety and
quality assurance. This model strengthens trust in technology adoption and discourages
misuse or ineffective deployment, thereby promoting value and reducing inefficiencies.

In such contracts, suppliers take on high risk by guaranteeing refunds for under-
performance. This reduces risk for patients, providers, and payers, supporting safer
technology adoption.

Stakeholder perspectives on technology use under quantity reduction contracts

Quantity reduction contracts let buyers lower volume commitments with minimal
penalties, adding flexibility in uncertain healthcare settings. This supports more appro-
priate care, reduces waste, and encourages suppliers to compete on value. For payers,
it promotes fiscal responsibility and adaptability, helping avoid overuse and misaligned
procurement [116].

Case example: quantity reduction contracts for AI-driven diagnostics

In a quantity reduction model, the provider is allowed to scale down Al tool purchases
without financial penalties, offering flexibility as demand changes. Payers benefit from
reduced financial exposure, and there is no direct involvement between payers and tech
suppliers. For patients, this model helps prevent service disruptions that might occur
under rigid minimum purchase agreements. It supports cautious, needs-based expansion
of technology and reduces waste associated with overcommitment or underutilization.

In such contracts, suppliers face moderate risk due to order reductions, while providers
and patients face low risk from overcommitment. Payers also benefit from lower exposure
to unused inventory.

Stakeholder perspectives on technology use under service-level agreements

Service-level agreements set defined performance standards and accountability mea-
sures, ensuring reliability in digital health and outsourced services. They enhance patient
trust, support provider efficiency, and hold suppliers accountable for quality. For payers,
service-level agreements help enforce standards, reduce service disruptions, and protect
digital health investments [118].
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Case example: contracts with service-level agreements for Al-driven diagnostics

In a service-level agreement model, the provider and tech supplier establish clear
contractual terms regarding system uptime, user training, support services, and acceptable
error rates. These performance metrics may also inform payer reimbursement or penalties,
especially in value-based contracts. In some public programs, payers may monitor supplier
compliance directly. Patients benefit from more reliable and timely care, while providers
gain operational assurance. This model enhances value by promoting accountability,
minimizing misuse and downtime, and reducing provider fatigue.

In this contract, suppliers are highly accountable, assuming high risk tied to per-
formance guarantees. Providers carry moderate risk for operational compliance, while
patients and payers face low risk due to built-in safeguards.

Table 2 summarizes the stakeholder risk by contract mechanism.

Table 2. Stakeholder risk summary by contract mechanism.

Contract Mechanism Patient Risk  Provider Risk  Technology Supplier Risk ~ Government/Payer Risk
Fee for Service High Low Low High
Performance-Based Low Moderate High Low
Population-Based Payment Moderate High Moderate Low
Episode-Based (Bundled) Payment Low High Moderate Moderate
Low Moderate High Moderate
Differentiated Payment Low Moderate High Moderate
Firm Fixed Price Moderate High High Low
Fixed Price with Incentive Fee Low Moderate Moderate Low
Fixed Price with Economic Adjustment Low Moderate Moderate Low
Time and Materials Moderate Low Moderate High
Indefinite Delivery, Indefinite Quantity Low Moderate Moderate Moderate
Wholesale Price Moderate Low Low Moderate
Low Low High Low
Revenue Sharing Moderate Moderate High Moderate
Quantity Flexibility Low Low Moderate Low
Low Low High Low
Quantity Reduction Low Low Moderate Low
Service-Level Agreement Low Moderate High Low

Other Reform Strategies

As previously discussed, implementing well-designed contract mechanisms to sup-
port reforms, such as transitioning from fee-for-service to value-based payment models,
can help control expenditures and enhance the value delivered by health services. Ad-
ditional long-term strategies include adopting global budgets and regulating provider
prices, both of which have shown potential to contain costs [119]. However, the success
of these approaches depends on physician engagement, sustained policy commitment,
and a broader shift in public and media narratives from individual responsibility toward
systemic accountability [120].

A variety of strategies have been proposed to slow the growth of healthcare spending
in the U.S. without sacrificing quality. A major area of focus is the small proportion of
patients, approximately 10%, who account for nearly 70% of total healthcare costs, often
due to multiple chronic conditions or frequent hospitalizations [121]. Disease management
programs targeting conditions like heart failure and diabetes have proven effective in
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improving outcomes and reducing rehospitalizations. Other promising reforms include
expanding access to primary care, which is linked to lower emergency department usage,
and enhancing care coordination to reduce medical errors [121].

The adoption of technologies in healthcare systems should prioritize evidence-based
innovation and promote shared decision-making between patients and providers to avoid
the delivery of low-value services [121,122].

4. Conclusions and Future Work

The key insight from this study is that the value of healthcare technology is not
inherent but contingent on how it is integrated into the healthcare system and how its
use is incentivized. Technologies—even those with transformative potential—can lead
to inefficiencies, such as overuse, underuse, and administrative waste, when they are
misaligned with system-level incentives. Contract mechanisms are powerful tools to shape
this alignment. By linking payment structures to performance, quality, and outcomes, well-
designed contracts can promote the responsible and value-based adoption of innovations.

Policymakers and healthcare leaders must prioritize the development and implemen-
tation of contract models that reflect the complexity of healthcare delivery. This includes
moving beyond traditional fee-for-service arrangements and adopting differentiated pay-
ment mechanisms, such as bundled payments, performance-based contracts, and shared-
risk agreements, that balance the interests of patients, providers, payers, and technology
suppliers. A systems-level perspective is essential to ensure that contract design addresses
the interdependencies across stakeholders and mitigates unintended consequences.

As healthcare systems face growing financial pressures and rapidly evolving tech-
nological landscapes, aligning economic incentives with health outcomes is not merely
a strategic choice; it is a necessity. Contract mechanisms that are transparent, flexible,
and grounded in value-based principles offer a practical path forward for sustainable,
equitable, and efficient healthcare reform.

It is worth noting that, while contract mechanisms offer several advantages, their
implementation presents practical challenges. For example, the literature highlights the
complexities of differentiated pricing in healthcare. Although such mechanisms can im-
prove social utility by expanding access for lower-income or high-need populations, they
depend on accurate identification of eligibility, often requiring reliable data on income or
health status, which may be incomplete or unavailable. This opens the door to misuse,
where individuals may attempt to access lower rates unfairly. Moreover, differentiated
pricing introduces administrative burdens, requiring robust systems for monitoring, veri-
fication, and oversight. Without careful design and governance, these mechanisms may
undermine both equity and efficiency, inadvertently excluding those most in need or
distorting incentives within the system. More broadly, reimbursement mechanisms for
differentiated pricing are not easily implemented in practice [104].

Future work

Overuse, underuse, misuse, waste, and medical errors frequently coexist, reflect-
ing deeper systemic dysfunctions within healthcare delivery. As multiple studies have
shown [1,60,61,123], these issues rarely occur in isolation and often interact in complex
ways. Future research should adopt a systems dynamics perspective to evaluate tech-
nology adoption, with an emphasis on empirical studies that assess the impacts across
stakeholders and care settings. In particular, future efforts should focus on modeling the
interdependencies among overuse, underuse, misuse, and waste.

This study presents a conceptual framework grounded in literature-based insights
and illustrated with examples of contract mechanisms specifically applied to value-based
technology adoption in Al-driven diagnostics. Since implementation outcomes may vary
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across technology types, health systems, and regulatory environments, future work should
validate and refine the findings, considering these and other contextual factors.
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