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Abstract

This research explores the application of predictive maintenance (PdM) to medical equipment and
its supply chain to improve healthcare safety. PdM, which utilizes 10T technology, artificial intelligence
(Al), and data analytics, enables real-time monitoring of equipment conditions and detection of
malfunctions before operational failures occur. Although PdM offers many advantages, such as reduced
cost of care and improved patient safety, challenges such as initial costs, interoperability issues, and
cybersecurity need to be addressed. This research identifies solutions that can mitigate such barriers and
assesses the impact of PdM on operational efficiency and reliability of medical equipment. The results show
that PdM can improve medical equipment performance and support more efficient supply chain
management.

Keywords : Predictive Maintenance, Medical Equipment, 10T, Artificial Intelligence, Healthcare Security,
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INTRODUCTION

The reliability of medical equipment is a critical factor in ensuring the effectiveness and
safety of healthcare services (Della et al., 2022). Hospitals and medical institutions rely on a vast
array of medical devices, including MRI scanners, ventilators, infusion pumps, and robotic
surgical systems, to diagnose, monitor, and treat patients (Jakariya et al., 2023). The failure of
any of these devices can result in severe consequences, including delays in medical procedures,
increased patient risks, and higher operational costs for healthcare providers (Nugroho et al.,
2023). Traditionally, maintenance strategies for medical equipment have been either reactive
(corrective maintenance, where repairs are conducted after equipment failure) or preventive
(scheduled maintenance, where devices are serviced at regular intervals regardless of their actual
condition) (Mubina & Amir, 2022). However, both approaches have significant limitations—
reactive maintenance often leads to unexpected downtimes that disrupt healthcare operations,
while preventive maintenance may result in unnecessary servicing, increasing maintenance costs
and resource utilization (C. Wibowo et al., 2023). These inefficiencies highlight the need for a
more advanced, data-driven maintenance approach, such as Predictive Maintenance (PdM), to
optimize medical equipment performance and enhance patient safety (F. Dewadi et al., 2023).

Predictive Maintenance (PdM) is an advanced maintenance strategy that utilizes real-time
data, machine learning algorithms, and loT-enabled sensors to predict potential equipment
failures before they occur (F. M. Dewadi, 2023c). Unlike traditional maintenance methods, which
rely on predefined schedules or post-failure repairs, PdM continuously monitors the condition of
medical devices, detecting anomalies in performance and triggering maintenance interventions
only when necessary (C. Wibowo, Surbakti, et al., 2022). This approach not only reduces
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unexpected breakdowns but also extends the lifespan of medical equipment, minimizes
operational disruptions, and enhances overall efficiency (Abbas et al., 2021). For instance, an
MRI scanner equipped with 10T-based vibration and temperature sensors can provide continuous
feedback on system performance, alerting technicians to potential malfunctions before they
escalate into critical failures (F. M. Dewadi, Ma’arof, et al., 2021).

Similarly, Al-driven diagnostics can analyze usage patterns of ventilators and dialysis
machines, predicting component wear and scheduling maintenance accordingly (F. M. Dewadi,
Maryadi, et al., 2022). These predictive capabilities significantly improve the reliability and
availability of medical devices, ultimately leading to better patient outcomes and more efficient
hospital operations (Sugiyanto et al., n.d.). The implementation of PdM in the medical equipment
manufacturing and supply chain ecosystem presents both opportunities and challenges (F. M.
Dewadi, n.d.). On the manufacturing side, companies can integrate Industry 4.0 technologies,
such as digital twin modeling, cloud-based analytics, and Al-driven quality control, to enhance
the design and production of medical devices with built-in predictive maintenance capabilities (F.
Dewadi & Amir, 2021). By embedding smart sensors and remote monitoring features into medical
equipment during the manufacturing stage, companies can provide healthcare providers with real-
time insights into device performance, ensuring proactive maintenance and reducing the risk of
sudden failures (S. H. Wibowo et al., 2023). On the supply chain side, predictive analytics can be
used to optimize spare parts inventory management, streamline logistics, and reduce lead times
for critical components (Alfaris, Dewadi, Munim, et al., 2022). This ensures that hospitals and
medical institutions have timely access to essential replacement parts and technical support,
preventing prolonged downtimes (Dahri et al., 2023). However, despite these benefits, the
adoption of PdM in the healthcare sector remains limited, primarily due to challenges such as
high implementation costs, cybersecurity concerns, data privacy issues, and regulatory constraints
(Nanda & Dewadi, 2022).

One of the major obstacles to PdM adoption in medical equipment management is the
integration of diverse data sources (Lawi et al., 2023). Medical devices are often produced by
different manufacturers, each using proprietary software and communication protocols, making
interoperability a significant challenge (Mulyadi et al., 2023). For PdM to be effective, healthcare
providers require a centralized data infrastructure that can seamlessly collect, analyze, and
interpret performance data from multiple medical devices (Mudia et al., 2023). Additionally,
cybersecurity risks pose a considerable threat to PdM systems, as interconnected medical
equipment can become potential targets for cyberattacks (Nanda, Karyadi, & Dewadi, 2022).
Ensuring data privacy, regulatory compliance (such as adherence to FDA, I1SO, and HIPAA
standards), and robust cybersecurity measures is essential for the successful implementation of
predictive maintenance in medical equipment supply chains (F. M. Dewadi, Milasari, Hermila, et
al., 2023). Furthermore, in developing regions, financial constraints and limited access to
advanced technologies may hinder the widespread adoption of PdM, necessitating cost-effective
solutions tailored to different healthcare settings (F. M. Dewadi, Milasari, A, et al., 2023).

Despite these challenges, the long-term benefits of PdM in enhancing health safety,
reducing maintenance costs, and optimizing medical supply chains cannot be overlooked
(Ratnadewi et al., 2023). As healthcare systems worldwide move towards value-based care and
digital transformation, predictive maintenance offers a proactive, cost-effective solution to
improve medical equipment reliability and ensure uninterrupted healthcare services (F. M.
Dewadi, 2023b). Future research should focus on developing scalable PdM models, integrating
blockchain for secure data sharing, and exploring Al-driven predictive analytics tailored to
specific medical devices (F. M. Dewadi, 2023a). Additionally, collaborations between medical
equipment manufacturers, software developers, and healthcare providers are crucial in
accelerating PdM adoption and driving innovation in smart medical equipment management (F.
M. Dewadi & Ma’arof, 2022). By bridging the gap between advanced manufacturing, predictive
analytics, and healthcare supply chain management, this study aims to highlight the
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transformative potential of PdM in safeguarding patient health, optimizing operational efficiency,
and shaping the future of medical technology maintenance (Jakariya et al., 2023).
RESEARCH METHOD

This study adopts a qualitative research methodology, primarily driven by a comprehensive
literature review, to analyze the implementation and impact of predictive maintenance (PdM)
strategies in medical equipment manufacturing and healthcare supply chains (Nanda & Dewadi,
2024). The qualitative approach is suited for uncovering the complexities of PdAM by exploring
existing theories, challenges, advancements, and best practices from various academic and
industry sources (Alfianto et al., 2023). By synthesizing knowledge from peer-reviewed articles,
case studies, and industry reports, this study aims to build a robust theoretical framework for
implementing PdM in the healthcare sector, focusing on improving operational efficiency and
patient safety (Alfaris, Dewadi, Maryadi, et al., 2022).

To collect data, the research utilizes secondary data from a wide range of credible academic
journals, conference papers, government and regulatory publications (such as from the FDA,
WHO, and ISO), and industry white papers (F. M. Dewadi, Lillahulhaqg, et al., 2023). The
selection criteria for the literature will ensure a focus on predictive maintenance, artificial
intelligence (Al) applications, loT-based maintenance strategies, and medical equipment supply
chain management (C. Wibowo, Setiawan, et al., 2021). The literature reviewed will primarily
include studies from the last decade to ensure the relevance of findings, emphasizing studies
published between 2014 and 2024 (Nanda, Supriyono, et al., 2022). By utilizing databases like
Google Scholar, Scopus, and Web of Science, a systematic search will be conducted using
keywords such as "Predictive Maintenance in Healthcare”, "Al in Medical Equipment”, and
"Challenges in Predictive Maintenance for Medical Devices" (C. Wibowo, Dewadi, et al., 2021).

The gathered literature will be subjected to thematic analysis, focusing on identifying key
trends, patterns, and barriers within the PAM context (F. M. Dewadi, Nova, et al., 2024). The
analysis will cover technological innovations such as the application of 10T sensors, Al-based
predictive models, and blockchain in medical equipment monitoring and supply chain
management (Asari et al., 2023). Moreover, it will examine challenges like cost implications,
cybersecurity risks, and regulatory concerns that hinder widespread PdM adoption in healthcare
systems (F. M. Dewadi, 2021d). By synthesizing the findings of multiple studies, the research
will aim to provide an in-depth understanding of how PdM can be successfully integrated into the
healthcare sector, with a particular focus on medical equipment reliability and operational
optimization (Suhara, Dewadi, & Febrian, 2023).

To ensure the reliability and validity of the research, triangulation will be employed
(Dimyati et al., 2021). This involves cross-referencing insights from different data sources, such
as academic studies, industry reports, and expert opinions, to confirm the consistency and
accuracy of the findings (Mulyadi & Dewadi, 2021). Moreover, content analysis will be applied
to ensure the quality and credibility of the sources, eliminating potential biases (F. M. Dewadi,
2021a). As the research relies solely on secondary data, there are no direct ethical concerns
regarding patient confidentiality or data privacy (C. Wibowo & Dewadi, 2022). Nevertheless,
proper academic ethics will be maintained by adhering to proper citation practices and avoiding
plagiarism, ensuring that all referenced works are acknowledged (F. M. Dewadi, 2023d).

The outcomes of this qualitative study are expected to contribute to developing a
comprehensive understanding of predictive maintenance in healthcare (Setiawan & Dewadi,
2022). The findings will highlight successful PdM strategies, offer insights into barriers to
adoption, and provide recommendations for future research in the area of Al and loT-based
medical device maintenance (Nanda & Dewadi, 2023a). Ultimately, this study aims to enhance
knowledge on how PdM can be leveraged to optimize medical equipment reliability, improve
patient safety, and streamline supply chain management in healthcare, offering valuable insights
for healthcare providers and equipment manufacturers alike (C. Wibowo, Dewadi, et al., 2024).
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RESULTS AND DISCUSSION

This section outlines the key findings of the literature review and discusses the
effectiveness of predictive maintenance (PdM) strategies in medical equipment manufacturing
and healthcare supply chains (Kusmiwardhana et al., 2024). The research highlights how the
integration of IoT, artificial intelligence (Al), and machine learning into medical equipment
monitoring systems has shown significant benefits in terms of reducing downtime, extending
equipment life, and improving operational efficiency (Nanda, Karyadi, et al., 2023). This section
also addresses the challenges of implementing PdM and outlines the emerging technologies and
strategies that may help overcome these barriers (F. M. Dewadi, Pido, et al., 2023).

The most significant finding from the literature is the ability of predictive maintenance
technologies to proactively detect and prevent equipment failures before they occur (F. Dewadi
et al., 2016). By using 10T sensors to monitor vibrations, temperature fluctuations, and other
critical parameters, hospitals can receive real-time updates on the health of their medical devices
(Muhammad et al., n.d.). This allows maintenance teams to perform interventions before failures
lead to expensive downtime or, worse, result in critical patient care disruptions (C. Wibowo,
Mubina Dewadi, et al., 2024). Early intervention is especially important for high-cost, life-saving
medical equipment such as ventilators, MRI machines, and defibrillators, where operational
failures can jeopardize patient health (Simatupang et al., 2013).

Moreover, artificial intelligence plays a pivotal role in optimizing the predictive
capabilities of these systems (F. M. Dewadi, Bachtiar, et al., 2023). Al algorithms can process
large volumes of data from medical equipment to identify patterns and trends that human
technicians might miss (N et al., 2024). This is particularly useful in healthcare environments,
where medical devices often operate continuously (Nanda, Dewadi, et al., 2023). Al-powered
systems can not only predict failures but also suggest the optimal time for maintenance based on
data-driven insights (F. M. Dewadi, Kiswanto, et al., 2022). This contributes to a more efficient
and cost-effective maintenance schedule, as it prevents unnecessary maintenance activities while
ensuring that critical devices are maintained before issues arise (F. M. Dewadi, Jati, et al., 2023).

However, despite the promising results, the implementation of PdM in the healthcare
industry is not without challenges (F. M. Dewadi, 2021c). A significant barrier is the initial cost
of setting up PdM systems (Suhara, Dewadi, & Hamdani, 2023). While these systems offer long-
term savings through the prevention of unplanned downtime and extended equipment lifespan,
the upfront investment in sensors, data processing systems, and software integration can be
prohibitively expensive, especially for smaller healthcare providers (Abbas et al., 2021).
Hospitals in low-resource settings are particularly vulnerable to these financial constraints, which
can delay the adoption of PdM technologies (Murtalim et al., 2020). To address this issue,
healthcare organizations must seek cost-effective solutions, possibly through partnerships or
financial incentives that help offset the initial setup costs (F. M. Dewadi, Wibowo, et al., 2023).

Another obstacle identified in the literature is the lack of interoperability between different
types of medical devices and their associated maintenance systems (Fathan et al., 2022). Many
medical devices are manufactured by different companies, each with its own data architecture and
software platform, making it difficult to integrate PdM systems across an entire fleet of equipment
(F. M. Dewadi, 2022). To overcome this, the development of standardized protocols for medical
device communication is essential (F. M. Dewadi, Puspita, et al., 2024). These protocols would
ensure that different devices can share data seamlessly, enabling healthcare providers to adopt a
unified PdM strategy that works across all equipment, regardless of manufacturer (Supriyati et
al., 2022).

A further challenge discussed is cybersecurity concerns. loT-based medical devices are
vulnerable to cyber-attacks, which could lead to the manipulation of data or even the disruption
of medical equipment during critical operations (F. M. Dewadi, Normansyah, et al., 2023).
Hospitals and healthcare systems must invest in robust cybersecurity measures to protect patient
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data and ensure that PdM systems are not compromised. Encryption, multi-factor authentication,
and secure communication channels are necessary components of any PdM strategy to safeguard
the integrity of the data and the safety of patients (F. M. Dewadi, 2021b).

Despite these challenges, the adoption of PdM has the potential to significantly reduce
maintenance costs and improve resource allocation in healthcare organizations (Della et al.,
2022). Predictive maintenance minimizes unplanned downtime, which in turn reduces the need
for expensive emergency repairs and prolongs the life of medical equipment (F. M. Dewadi,
Reynaldi, et al., 2021). Studies have shown that hospitals that implement PdM strategies report
up to 30% reduction in maintenance costs (F. M. Dewadi & Abduh Al-Afgani, 2021).
Furthermore, PdM enables hospitals to make data-driven decisions regarding equipment
replacements, ensuring that investments are made at the right time, rather than prematurely or too
late (F. M. Dewadi, 2024).

One of the most compelling advantages of PdM is its impact on patient safety
(Farahdiansari et al., 2021). Medical equipment failures can lead to delays in diagnosis and
treatment, which can be fatal in high-stakes environments like emergency departments or
operating rooms (F. M. Dewadi, 2023e). The early detection of equipment malfunctions ensures
that devices are always ready for use, which is crucial for maintaining high standards of patient
care (F. M. Dewadi, Supriyadi, et al., 2024). For instance, failure in infusion pumps or patient
monitors could lead to incorrect medication dosages or missed alerts, potentially putting patients
at risk (Nanda, Supriyanto, et al., 2023). PdM technologies help mitigate these risks by ensuring
that medical devices are fully operational when they are needed most (F. M. Dewadi, 2023f).

Looking to the future, several emerging technologies offer the potential to enhance the
effectiveness of PdM systems in healthcare (Nanda, Karyadi, Dewadi, et al., 2022). Edge
computing, for example, allows for the processing of data locally on devices, reducing the reliance
on centralized cloud computing (Surbakti et al., 2022). This can lead to faster decision-making
and more real-time predictions, which is crucial for the timely maintenance of critical equipment
(Santosa et al., 2022). Blockchain technology also holds promise as a solution for ensuring data
security and transparency in PdM systems (Nanda & Dewadi, 2023b). By providing an immutable
ledger of equipment performance data, blockchain can help prevent data tampering and ensure
that all parties involved in the maintenance process have access to accurate, reliable information
(F. M. Dewadi, Nanda, et al., 2023).

Furthermore, the use of federated learning could enable hospitals to train predictive models
without needing to share sensitive patient data (Purnomo & Sahabuddin, 2023). Federated
learning allows multiple hospitals or healthcare institutions to collaboratively develop predictive
models while keeping their data private and secure (C. Wibowo, Sukarno, et al., 2022). This
technology is particularly beneficial in maintaining patient confidentiality, especially in multi-
site healthcare systems or regions with strict data privacy laws (F. M. Dewadi, 2016).

CONCLUSION

In conclusion, predictive maintenance holds great promise for improving the efficiency,
reliability, and safety of medical equipment in healthcare systems. Although there are significant
barriers to the widespread adoption of PdM, such as high upfront costs, data interoperability
issues, and cybersecurity risks, the long-term benefits such as reduced maintenance costs,
improved patient safety, and extended equipment lifespan make PdM a valuable investment. As
technological advancements continue to address these challenges, predictive maintenance will
likely become an integral part of healthcare operations, contributing to the overall goal of
delivering safer and more efficient patient care.
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ADVICE

To optimize the application of Predictive Maintenance (PdM) in medical equipment
maintenance, hospitals need to invest in sensor technology, loT, and Al-based analytics, and
improve data interoperability so that information can be processed efficiently. In addition,
technical training for operational personnel is essential so that they can properly manage the PdM
system. Cybersecurity should also be strengthened to protect data from potential threats. With
regular evaluation and continuous improvement, PdM can be optimally implemented, helping to
reduce maintenance costs, improve equipment reliability, and ensure patient safety.
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