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Abstract

The COVID-19 pandemic has put a spotlight on the global supply chain for medical equipment and medicines, highlightingvulnerabilities and disruptions in the healthcare industry. This paper aims to contribute to the ongoing research on enhancing supplychain resilience in healthcare by exploring the critical issues surrounding supply chain management in this sector and presentingstrategies aimed at identifying and mitigating disruptions. Specifically, we propose a model using fuzzy logic to address the inherentuncertainty in analyzing key barriers in supply chain management for the healthcare industry. Our findings emphasize the crucial needfor robust and adaptable supply chains to ensure a consistent supply of essential medical resources, especially during times of crisis.
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1. Introduction

Healthcare supply chains have unique complexities andresponsibilities, handling valuable medical resources andsafeguarding human lives (Chatterjee et al., 2023). How-ever, healthcare systems worldwide face growing pres-sures as they need to reduce costs, enhance efficiency, im-prove quality, and ensure consistent care. During crises,healthcare supply chains often face sudden demand spikes,leading to shortages of critical supplies. They must bal-ance maintaining inventory buffers to ensure availabil-ity without causing wastage. Reliance on single suppliersfor essential items increases vulnerability, as disruptionsfrom one vendor can have far-reaching consequences. Thecomplexity of global sourcing, with components originat-ing from various locations, means that disruptions canresonate throughout the entire chain. Also, strict regula-tions need compliance across all suppliers, avoiding to riskrecalls, delays, and potential legal action.

Managing unpredictable demand, diversifying suppliersources, navigating international logistics, and ensuringregulatory compliance within decentralized networks aresignificant challenges (Junaid et al., 2023). The primarygoal is to assess and mitigate disruptions to maintain ser-vice levels, prevent shortages, and streamline operations.The surge in online shopping during the pandemic high-lights the importance of optimizing transport processes(Feichtinger et al., 2020). As more consumers turn to digi-tal platforms for medical purchases, healthcare providersneed tailored decision-making models for efficient trans-port, inventory management, and procurement strategies.This trend emphasizes ongoing challenges such as depen-dency on single suppliers and the need to comply withcomplex global regulations in healthcare supply chains.
This research aims to introduce a decision-makingmodel for identifying key barriers in the healthcare sectorwhile providing tailored recommendations for addressingthese challenges.
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The paper is organized as follows. Section 2 developsthe literature review, section 3 describes methodologicaldetails, while section 4 reports a real case study along witha practical discussion of results. Section 5 closes the workby discussing potential future lines.
2. State of the art

The study led by Kaupa and Naude (2021a) discussesthe importance of addressing significant factors that canincrease expenses in supply chain management. To main-tain performance targets and financial stability, it is crucialfor supply chain partners to proactively identify and elimi-nate obstacles via effective decision-making (El Mokriniand Aouam, 2022; Rivas Pellicer et al., 2023). Key cost-related issues include poor demand forecasting leadingto planning disruptions, financial constraints resultingin stock shortages, an excessive reliance on highways fordistribution, limited storage capacity, and insufficient co-ordination among various entities (Arji et al., 2023). Thesechallenges can harm the efficiency of the supply chain.
To enhance performance and minimize costs, it is essen-tial to focus on obstacle management, adequate staffing,and improved coordination (Menezes and Carpitella, 2023)throughout the healthcare commodities supply chain. Bypaying close attention to areas like demand forecasting,procurement, inventory management (Tungekar et al.,2023), logistics, and integration, supply chain perfor-mance can be effectively assessed (Azadi et al., 2023) so asto identify areas for cost reduction. Kanyoma et al. (2013)aimed to highlight significant supply chain implicationswithin the healthcare context. The presence of insuffi-cient drug supplies had severe repercussions, leading topatient fatalities within the public healthcare system. Aprimary cause of this issue refers to the structure of thenetwork. For example, as observed by Habibi et al. (2023),supply chain networks characterized by multiple tiers ofsuppliers are more susceptible to disruptions. This vul-nerability arises because a disruption occurring at one tiercan propagate through the network, resulting in a cas-cading effect, commonly referred to as the ripple effect(Sawik, 2022). To mitigate such risks, multiple sourcingstrategies, including backup sources, could be adopted aspreventive strategies. In this context, it is important torecognize that supply chain performance is defined by itsresilience, sustainability, and cyber-security. While thesethree aspects can be assessed individually to determine asupply chain’s strength, it is the collective evaluation ofall three that provides a holistic understanding of the sys-tem’s ability to operate smoothly without disruptions andquickly recover if challenges arise (Hossain et al., 2023).Okeagu et al. (2021) emphasize how crises impact sup-ply chain management. Unforeseen shortages can arisewhen there is an imbalance between supply and demandor when disruptions occur. Effectively managing emer-gencies requires accurate planning, and it is essential tohave separate systems for emergencies.

This separation is important as crises often require spe-cialized infrastructure and processes that are differentfrom the routine supply chain operations. This also ensureflexibility and transparency of the organisational manage-ment system, based on robust and diversified supply chain(Kumar et al., 2023). Response relies on infrastructure(transportation, communication, energy) and leadershipat local and state levels for coordination. A comprehensiveplanning across infrastructure, protocols, communica-tions, and governance to ensure resilient crisis manage-ment (Barbosa-Póvoa and Pinto, 2023), is indeed essen-tial for preserving the integrity of supply chains duringinterruptions. Kaupa and Naude (2021b) aimed to high-light important supply chain management issues with apractical focus on the public healthcare system in Malawi.Despite the government’s responsibility to ensure an ef-ficient healthcare supply chain, Malawi continues to facerecurring shortages of essential medications. With this re-gard, the authors emphasized that certain Critical SuccessFactors (CSFs) could either support or hinder excellencein the supply chain. When these CSFs are not managedproperly, it can increase the vulnerability and risk withinthe system.
As the main objective of supply chain management isto deliver value to end-users, which benefits both busi-nesses and the general public, strategies that enhance effi-ciency and competitiveness are necessary. Abdulsalam andSchneller (2019) aimed to analyze the inherent complex-ities of hospital supply chains for various reasons. First,healthcare systems have extensive relationships with awide array of stakeholders, including manufacturers, dis-tributors, Group Buying Organizations (GPOs), and insur-ers, which adds complexity to the management process.Second, hospital executives need to assess both internalprocedures and the external structures and partnershipsthat impact supply costs. In light of these considerations,the authors investigated whether affiliating with largeor small GPOs, or having multiple GPOs, improves sup-ply cost performance and what the ideal balance betweenGPO, distributor, and direct supplier contracts should be.While some empirical research has examined the best prac-tices in healthcare supply management to understand cost-saving effectiveness, more precise data on supplier costsis needed (Levner and Herbon, 2023).
In light of the various challenges outlined in these stud-ies, developing a decision-making model in the healthcaresector (Chakraborty et al., 2023) can be an useful tool toassess major barriers and provide effective recommenda-tions. This model would facilitate a comprehensive evalua-tion of critical barriers, supporting in addressing complex-ities and vulnerabilities, and offering a structured pathto optimize healthcare supply chains. With this regard,Fuzzy Cognitive Maps (FCM) can be highly valuable (Ba-makan et al., 2021), as barriers related to healthcare supplychains involve a multitude of interconnected variables andrelationships, something that can be challenging to modelusing traditional methods.
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Figure 1. Diagram for decision-making model in healthcare supply chain

After identifying multiple barriers in the literature andsummarizing them in Table 1, our next step involves thedevelopment of a FCM-based decision-making model, en-hanced with a recommendation system. This upgradedFCM not only captures the complexities of the supply chainbut also has the capability to promptly suggest the mostsuitable actions to be implemented, prioritizing thembased on the specific context and needs.Figure 1 presents a diagram exemplifying the logical se-quence followed in this research, illustrating our novel ap-proach. Grounded upon existing literature, our approachstands out by systematically quantifying qualitative as-sessments of factors and barriers, thus enabling their in-tegration into a mathematical model based on FCM. Thisprocedure is aimed at bridging the gap between qualitativeinsights and quantitative analysis, providing a structuredframework for addressing complex challenges in health-care supply chains through targeted strategies.
3. Methodology

FCMs are a modeling and simulation technique used invarious fields such as artificial intelligence, decision sup-port systems, and expert systems. This tool is particularlyuseful for representing and simulating complex systemswith interconnected variables. A step-by-step descriptionof the FCM approach is herein provided.
• System definition: begin by precisely articulating theboundaries of the decision-making problem, identi-fying key elements or variables that contribute to thecomplexity of the system under consideration. Thisstep involves a comprehensive understanding of thesystem’s objectives and constraints.• Linguistic evaluation: conduct a thorough explorationof qualitative assessments and expert opinions, express-ing the relationships between identified elements inlinguistic terms. This involves eliciting input from do-main experts to capture nuanced insights and subjec-tive judgments.• Translate to fuzzy numbers: translate the linguisticevaluations into fuzzy numbers, using well-definedmembership functions to capture the vagueness andimprecision inherent in qualitative assessments.

• Fuzzy-to-Crisp translation: translate fuzzy numbersto crisp numerical values for computational purposes.Such established methods as centroid defuzzificationcan be used to obtain representative crisp values. Thisapproach quantifies qualitative assessments, makingthem suitable for mathematical modeling.• Graphical representation: construct a FCM graph withnodes representing decision elements and directededges indicating relationships between them. Assignweights to edges based on the translated crisp numeri-cal values, reflecting the strength and direction of in-fluence. This step involves the graphical depiction ofthe complex interconnections within the system.• Simulation and calculation: first define the initial con-ditions for each decision element in the FCM. Theseinitial values serve as the starting point for simula-tions, providing a baseline for the iterative modelingprocess. Then execute simulations of the FCM overtime, updating the values of decision elements basedon their relationships and initial conditions. Calculateindirect effects by systematically summing the prod-ucts of weights along pathways. Concurrently, computetotal effects by summing the direct and indirect effectsfor each decision element.• Validation and adjustment: rigorously validate the FCMresults by comparing simulated outcomes with empiri-cal data or expert expectations. Adjust linguistic eval-uations, fuzzy numbers, or other model parametersiteratively to enhance the alignment of the model withobserved real-world behavior.• Iterative refinement: engage in an iterative refinementprocess by incorporating additional data, fine-tuninglinguistic evaluations, and adjusting model parameters.This iterative approach ensures that the FCM evolves toaccurately represent the complexities of the decision-making system.• Decision insights: analyze the calculated total effectsto derive nuanced insights into the significance ofeach decision element’s impact on the overall system.This quantitative understanding facilitates informeddecision-making by elucidating critical factors andtheir interdependencies.
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Table 1. Factors, related barriers and recommended strategies analyzed in literature

ID Factors Barriers Recommended Strategies Ref.SCC Supply ChainComplexity SCC1. Lack of collaboration andcommunication • Improve communication and partnerships between stake-holders. Hudnurkar et al.(2014),
• Establish cross functional teams and share key metricsand plans across the supply chain. Kaupa and Naude(2021a)
• Promote collaborative culture between partners and alignincentives to shared goals.
• Establish open communication channels between part-ners and schedule regular meetings.
• Engage partners in collaborative forecasting, planningand problem solving.
• Implement shared platforms for seamless data exchange,and digitize records.SCC2. Lack of trust • Foster trust via long term partnerships and share criticaldata to demonstrate trustworthiness. Kaupa and Naude(2021b),
• Structure contracts and relationships to incentivizeshared goals. Hudnurkar et al.(2014)
• Identify assets, skills and data that can be mutually sharedand develop resource sharing agreements.
•Develop relationships at personal level and maintain trans-parency and integrity.SCC3. Lack of commitment • Executive leadership must own and sponsor supply chaininitiatives. Hudnurkar et al.(2014)
• Set standards for social and environmental practices whileenforcing supplier codes of conduct.
• Implement contractual agreements clearly outlining com-mitments and build relationships and trust through trans-parency.SCC4. Ineffective processes • Streamline tendering and procurement protocols and au-tomate ordering and approval workflows. Kanyoma et al.(2013),
• Map and optimize workflows for efficiency standardizeprocesses across locations. Kaupa and Naude(2021b),
• Simulate crisis scenarios and preparedness plans whilenegotiating contingency capacity with key suppliers in ad-vance.

Hudnurkar et al.(2014)
• Conduct supplier market analysis and develop strategiesto mitigate risk.
• Map end to end processes to identify integration gaps andstandardize interfaces between parties.
• Invest in technologies like AI, IoT, blockchain to boostperformance.
• Define clear roles and responsibilities while tracking in-dividual performance and accountability.
• Develop and implement optimization models to stream-line network design.
• Define quantitative metrics for supplier selection and per-formance management.SCC5. Exogenous barriers • Assess current and projected needs before accepting do-nations while enforcing guidelines on types and volumes ofdonations.

Kanyoma et al.(2013),
• Establish supply chain compliance guidelines and auditgovernance mechanisms periodically. Kaupa and Naude(2021a),
• Develop flexible systems and processes that can rapidlyadapt to changes. Kaupa and Naude(2021b),
• Develop contracts that align with regulations and protectIP rights. Consult legal experts. Okeagu et al. (2021)
• Lobby government agencies to promote policies that sup-port collaboration.RC RegulatoryCompliance RC1. Outdated standard guide-lines • Regularly update treatment guidelines based on new re-search. Kaupa and Naude(2021a)RC2. Narrow range of reg. prod-ucts • Streamline product registration process. Kaupa and Naude(2021a)QC Quality Control QC1. Poor data consumptionquality • Implement systems to collect accurate consumption andpatient data. Kaupa and Naude(2021a)QC2. Lack of skilled human re-sources • Invest in training and education programs for healthcareworkers. Kaupa and Naude(2021a)GF Geopolitical Fac-tors GF1. Weak governance and ac-countability mechanisms • Strengthen organizational governance and transparency. Hudnurkar et al.(2014)
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ID Factors Barriers Recommended Strategies Ref.GF2. Cultural differences •Provide cultural awareness training and foster an inclusiveenvironment. Hudnurkar et al.(2014)SR Supplier Relia-bility SR1. Inadequate capacity •Support local manufacturing and supply capacity building. Kaupa and Naude(2021a)SR2. Over-reliance on singlesuppliers • Qualify and maintain backup suppliers for critical itemsand limit sourcing concentration from a single region. Okeagu et al. (2021)
• Develop a diversified supplier base by geography and sizeand require secondary sources for all key materialsSR3. Sourcing from multiple lo-cations • Source each item from at least two different supplier loca-tions and mandate regional redundancy for suppliers. Okeagu et al. (2021)

SR4. Poor supplier relationships • Implement supplier relationship management and collab-orate on forecasting and planning. Kaupa and Naude(2021b)SR5. Inadequate storage • Improve storage and warehouse infrastructure capacity. Abdulsalam andSchneller (2019),Kaupa and Naude(2021a)TC TransportationCosts TC1. Inefficient distribution in-frastructure • Develop efficient distribution networks and logistics ca-pabilities. Kaupa and Naude(2021a)TC2. Transportation infrastruc-ture • Expand central and regional warehouse capacity whileadding refrigerated transportation vehicles. Kanyoma et al.(2013)IM Inventory Man-agement IM1. Lack of inventory manage-ment system • Implement digital inventory management systems. Kaupa and Naude(2021a)IM2. Donations of medicinesnearing their expiration date • Institute First Expiry First Out (FEFO) rotation return soonto expire drugs to donors. Kanyoma et al.(2013)IM3. Optimizing inventory forprofit while averting shortages • Use demand forecasting and inventory optimization mod-els, and increase safety stock. Okeagu et al. (2021),Abdulsalam andSchneller (2019)IM4. Theft or loss of supplies • Track inventory with barcode or Radio Frequency Iden-tification (RFID) systems and improve physical security atwarehouses.
Kanyoma et al.(2013)

LC Labor Costs LC1. Lack of human resources • Invest in healthcare workforce training and development. Kaupa and Naude(2021a), Abdul-salam and Schneller(2019)LC2. Unclear role definition • Invest in training programs to upskill supply chain staff. Abdulsalam andSchneller (2019)
• Automate repetitive tasks to optimize human resourceutilization.LC3. Inefficient management ofhuman resources • Implement robust management systems to efficiently al-locate staff and balance workloads. Abdulsalam andSchneller (2019)
• Cross-train employees to provide flexibility in resourceallocation.DF Demand Fluctu-ations DF1. Lack of financial resources • Increase healthcare funding and financing options. Kaupa and Naude(2021a)DF2. Panic driven overordering • Collaborate with customers to stabilize orders. Okeagu et al. (2021)
• Enforce order quantity limits during periods of high de-mand.TA TechnologicalAdvancements TA1. Lack of knowledge of thepharmaceutical market • Conduct pharmaceutical market research and data analy-sis. Kaupa and Naude(2021a)TA2. Ineffective utilization of in-formation technologies • Deploy integrated supply chain management systems andmandate technology usage and data capture. Kaupa and Naude(2021b)TA3. Unreliable logistical infor-mation systems • Implement inventory management software integratedwith suppliers’ systems for stock visibility. Kanyoma et al.(2013)EF Economic Fac-tors EF1. High cost of medicines andtreatment • Negotiate reduced medicine costs, utilize generics. Kaupa and Naude(2021a)EF2. Boosting domestic manu-facturing • Provide incentives to manufacture critical supplies locallyand invest in developing domestic production capabilities. Okeagu et al. (2021)

EF3. Supply chain costs • Use data analytics to identify cost savings opportunities. Abdulsalam andSchneller (2019)
• Renegotiate supplier and logistics contracts.
• Increase health budget allocation.
• Explore public private partnerships.EF4. Lack of robust procurementsystems • Centralize and automate procurement processes. Kaupa and Naude(2021a)EF5. Poor specification andquantification • Improve demand planning and forecasting capabilities. Hudnurkar et al.(2014),Kaupa andNaude (2021a)
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Specifically, indirect effects (IE) represent the influencethat a particular decision element has on another elementthrough intermediate elements. It captures the cascadingimpact as changes in one element affect others, creatinga chain reaction. Total effects (TE) incorporate both thedirect and indirect impacts of a decision element on theentire system. It reflects the overall contribution of a par-ticular element, considering not only its direct influenceon other elements but also the indirect effects propagatedthrough the network. IE and TE have to be computed foreach of the decision-making element taken into account.In this paper, we will follow the procedure implemented in(Carpitella et al., 2023). The linguistic evaluations of inputcharacterize the degree of causality one element impartsto another, denoted by labels such as very low (VL), low(L), medium (M), high (H), and very high (VH). These la-bels are correspondingly translated into Trapezoidal FuzzyNumbers (TrFNs), following the format (a, b, c, d), as per(Poomagal et al., 2021): VL (0, 0.1, 0.2, 0.3); L (0.2, 0.3, 0.4,0.5); M (0.4, 0.5, 0.6, 0.7); H (0.6, 0.7, 0.8, 0.9), and VH(0.8, 0.9, 1, 1). These TFNs are systematically organizedin the fuzzy input matrix. Following that, the defuzzifi-cation process occurs through the implementation of adefuzzification function. This function undergoes itera-tion by calculating the centroid of gravity for each TrFN,a methodology detailed by Wang et al. (2006). The resultof this operation yields crisp values, effectively substitut-ing the initial TrFNs. Consequently, these crisp values areconsolidated in the crisp input matrix, representing thedefuzzified versions of the TrFNs. Each entry in the matrixnow includes a singular crisp value rather than a TrFN.
Subsequently, we proceed to compute both indirect anddirect effects for each element derived from the crisp ma-trix. To facilitate result visualization, we employ a layeredorganization of the FCM graph. Each layer consists of ele-ments with the same value of TE, arranged in a descendingorder. This structured representation enables a clear pri-oritization, emphasizing that elements in the first layerdemand particular attention due to their higher impactwithin the system. The visualization technique adopted inthis approach offers a visually rich representation of thevarying strengths of connections among elements withinthe FCM, by using arrows of distinct thicknesses and colorsto effectively convey the strength of relationships estab-lished by the experts in linguistic terms.

4. Case study

The present case study proposes the iteration of the FCMprocedure through two different stages. Initially, we willassess factors outlined in the second column of Table 1,selecting that subset characterized by the highest TE val-ues. In the subsequent stage, we will analyze the barriersassociated with the primary factors identified in the priorphase. The objective is to recommend the prioritized im-plementation of targeted strategies aimed at mitigatingthese identified barriers. This sequential methodology is

strategically designed to amplify the precision and effi-cacy of our recommendations. Its applicability is notablyadvantageous in the pharmaceutical sector’s supply chainmanagement, systematically pinpointing and prioritiz-ing factors with the most substantial impact on the en-tire system. By concentrating on these key factors andproactively addressing associated barriers, the approachensures a more refined and effective implementation ofstrategies, thereby augmenting overall operational effi-ciency and fortifying the resilience of the supply chainwithin the pharmaceutical industry.
4.1. Analysis of factors for main barriers identification

Various brainstorming sessions have been led, aimed atelaborating the linguistic input matrix pairwise compar-ing factors, reported in Table 2. The reported evaluationshave been double-checked with the support of an expertin the field of supply chain management. After translat-ing linguistic evaluations to fuzzy numbers as explainedbefore, we proceeded by calculating the TE associated toeach of the analyzed factors. Calculations have been im-plemented in Python to eventually visualize results.
The resulting FCM is reported in Figure 2. We created anetwork visualization of relationships between differentfactors based on their TE values. We constructed a directedgraph where nodes represent different factors and edgesrepresent relationships between them, according to theevaluations provided in Table 2. The graph is organizedthrough different layers, with factors grouped accordingto their associated TE values. Nodes within each layer arepositioned horizontally, and layers are arranged vertically.The network diagram provides a clear representation of thehierarchical relationships between factors, emphasizingthe most significant factors at the top of the diagram.

Table 2. Linguistic input matrix for factors
SCC RC QC GF SR TC IM DF LC TA EF

SCC 0 VL M M L H VH H H L MRC H 0 VH H M H H M H L HQC H H 0 L H L H M M M HGF H H H 0 H VH VH H H M VHSR H L M M 0 M H H L VL MTC H VL L L M 0 H H M L HIM VH L M L L H 0 H H L HDF H H M M L VH H 0 H M HLC H L L L L H H M 0 H HTA VH M H L L M H M VH 0 HEF H M M H M VH H H H M 0

By observing the graph displayed in Figure 2, we canconclude that, according to the proposed evaluations, themost prominent factors in healthcare supply chain man-agement from those analyzed in literature (Table 1) areSupply Chain Complexity (SCC) and Inventory Manage-ment (IM). These results are important as healthcare sec-tor faces unique challenges due to the unpredictable nature
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Figure 2. Factors FCM

of demand, especially during crises. This requires a supplychain that can quickly adapt to changing needs while en-suring timely deliveries of essential medical resources. Ad-ditionally, the diverse range of healthcare products, eachwith specific storage requirements, demands careful in-ventory management to prevent shortages or wastage. Ef-ficient inventory practices are essential, given the time-sensitive nature of healthcare services. The global scopeof healthcare sourcing and compliance with strict regu-lations further accentuate the need for streamlined pro-cesses. In optimizing the healthcare supply chain, the goalis to enhance operational efficiency, ensuring a steady andreliable supply of critical medical resources to meet thedemands of patient care. We are now going to analyze therelated barriers to propose strategies prioritization.
4.2. Analysis of barriers for strategies recommendation

Table 3 reports linguistic evaluations collected and val-idated for the barriers of the most prominent factors. Asthe second iteration for the FCM application,
Table 3. Linguistic input matrix for barriers

SCC1 SCC2 SCC3 SCC4 SCC5 IM1 IM2 IM3 IM4
SCC1 0 H H M L VH L M HSCC2 M 0 VH H M H M M MSCC3 L H 0 H M M M H LSCC4 M M H 0 H H M VH MSCC5 M L M L 0 M H H HIM1 H M H VH L 0 M VH HIM2 L H M H H M 0 H VLIM3 M M H L H H H 0 LIM4 H VH M H H H VL H 0

Figure 3 shows the visualization of the network of rela-tionships identified for the barriers related to the factorsSCC and IM (Table 1).

Figure 3. Barriers FCM

The resulting diagram displays barriers with greater TEvalues positioned at the top, allowing for the immediateidentification of the strategies that are recommended withpriority. Specifically, the strategies from Table 1 to be pri-oritized for healthcare supply chain optimization refer toovercoming the following barriers.
• Barrier SCC2 (lack of trust) - Recommended strategies:1. foster trust via long term partnerships and share crit-ical data to demonstrate trustworthiness; 2) structurecontracts and relationships to incentivize shared goals;3) identify assets, skills and data that can be mutuallyshared and develop resource sharing agreements; 4)develop relationships at personal level and maintaintransparency and integrity. Implementing these strate-gies would result in improved collaboration and reducedinstances of miscommunication. Long-term partner-ships and data sharing can indeed enhance the reliabil-ity of supply chain operations, fostering a more cooper-ative environment among stakeholders.• SSC3 (lack of commitment) - Recommended strategies:1) executive leadership must own and sponsor supplychain initiatives; 2) set standards for social and envi-ronmental practices while enforcing supplier codes ofconduct; 3) implement contractual agreements clearlyoutlining commitments and build relationships andtrust through transparency. Establishing clear stan-dards for practices would increase overall engagementand adherence to supply chain protocols. Contractualagreements and transparent communication are keypoints in solidifying commitment from all parties.• SSC4 (ineffective processes) - Recommended strate-gies: 1) streamline tendering and procurement proto-cols and automate ordering and approval workflows; 2)map and optimize workflows for efficiency standardizeprocesses across locations; 3) simulate crisis scenariosand preparedness plans while negotiating contingency
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capacity with key suppliers in advance; 4) conduct sup-plier market analysis and develop strategies to mitigaterisk; 5) map end to end processes to identify integra-tion gaps and standardize interfaces between parties; 6)invest in technologies like AI, IoT, blockchain to boostperformance; 7) define clear roles and responsibilitieswhile tracking individual performance and account-ability; 8) develop and implement optimization modelsto streamline network design; 9) define quantitativemetrics for supplier selection and performance man-agement. Implementing these strategies would leadto achieve several advantages in terms of processingtimes, vulnerabilities, decision-making, operationalperformance, and accountability.• IM1 (inefficient distribution infrastructure) - Recom-mended strategy: implement digital inventory man-agement systems. Digital inventory management sys-tems aim to significantly improve the accuracy and ef-ficiency of inventory tracking and order fulfillment, fora smoother distribution process and reduced stockouts.• IM3 (optimizing inventory for profit while avertingshortages) - Recommended strategy: use demand fore-casting and inventory optimization models, and in-crease safety stock. On the one hand, using demandforecasting and inventory optimization models wouldhelp in balancing inventory levels, thereby reducingshortages while maintaining profitability. On the otherhand, increasing safety stock provides a buffer againstunexpected demand spikes.
While implementing all these strategies simultaneouslymay pose challenges, establishing a roadmap for gradualimplementation would allow healthcare organizations tofocus on specific barriers and iteratively improve supplychain functions. This phased approach would mitigatethe difficulties associated with simultaneous implemen-tation by providing a structured path for continuous im-provement. Prioritizing strategies based on their impactand feasibility would enable healthcare systems to navi-gate complexities while ensuring a resilient and optimizedsupply chain. Such a strategic mindset would certainlyfacilitate healthcare organizations in responding to supplychain challenges in a methodical way, enhancing collabo-ration, commitment, and process efficiency over time.

5. Conclusions
This research sheds light on the challenges faced byhealthcare supply chains, especially emphasizing the crit-ical need for robust supply chains to ensure a steady flowof essential medical resources. We herein proposes a FCM-based strategic model, incorporating fuzzy logic, to ad-dress uncertainties in supply chain management. Health-care systems are indeed characterized by unique complex-ities. During crises, global healthcare supply chains faceshortages and disruptions, where overreliance on singlesuppliers increases vulnerability and navigating globalsourcing complexities demand regulatory compliance.

We led a deep literature aimed at identifying majorsupply chain factors, related barriers and recommendedstrategies. To manage the complexity of implementation,the study suggests a phased approach. The first phase in-volves highlighting the most significant factors, whichappear to be supply chain complexity (SCC) and inventorymanagement (IM). The second phase focuses on all of therelated barriers, previously identified for the mentionedfactors, which result to be lack of trust (SCC2), lack of com-mitment (SCC3), ineffective processes (SCC4), inefficientdistribution infrastructure (IM1), and optimizing inven-tory for profit while adverting shortages (IM3). This leadsto the final recommendation of suitable strategies amongthe ones that are considered as mostly effective in the exist-ing literature. For example, strategies like fostering trustin partnerships and incorporating advanced technologiesare essential to overcome key barriers, including trust is-sues, commitment challenges, and inefficient processes.Furthermore, implementing advanced technologies, suchas digital inventory management systems, enables moreefficient tracking and control of inventory levels. The pro-posed approach aims to allow healthcare organizationsto focus on specific barriers affecting main supply chainfactors gradually, ensuring resilience while managing un-certainties and meeting the demands of patient care.
The main limitation of the framework herein proposedrefers to the reliance on expert opinions when evaluatingfactors and barriers. Although this procedure providesvaluable insights and context-specific knowledge, it mayalso limit the generalizability of the findings. On the oneside, experts certainly bring a deep understanding of theoperational challenges of healthcare supply chains, en-suring that the proposed strategies are well-grounded inpractical realities. On the other hand, bias could be intro-duced, making it difficult to fully capture emerging trendsor innovative practices outside the experts’ experience.
Acknowledging this limitation, future research will fo-cus on developing a detailed roadmap for the actual priori-tization of strategies tailored to specific healthcare envi-ronments. This will include refinement of the proposedstrategies within various real-world healthcare settingsto validate their effectiveness, ensuring that interventionsare contextually relevant and impactful. Additionally, weplan to integrate machine learning techniques to furtherenhance the model’s predictive capabilities. Continuousmonitoring based on feedback from implementation willbe crucial for adapting to new challenges and ensuring thelong-term resilience of healthcare supply chains.
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