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​Healthcare​ ​systems​ ​worldwide​ ​face​ ​challenges​ ​such​ ​as​ ​long​ ​waiting​ ​times,​
​inefficient​ ​resource​ ​utilization,​ ​and​ ​inequitable​ ​service​ ​delivery.​ ​Operations​
​Research​ ​(OR)​ ​techniques​ ​namely​ ​Linear​ ​Programming​ ​(LP),​ ​Integer​
​Programming​ ​(IP),​ ​Queuing​ ​Theory​ ​(QT),​ ​and​ ​Simulation​ ​offer​ ​systematic​
​approaches​ ​to​ ​address​ ​these​ ​challenges.​ ​This​ ​review​ ​paper​ ​evaluates​ ​the​
​effectiveness​ ​of​ ​these​ ​OR​ ​methods​ ​in​ ​improving​ ​healthcare​ ​performance​
​metrics,​ ​including​ ​patient​ ​waiting​ ​time,​ ​resource​ ​utilization,​ ​and​ ​equitable​
​access.​ ​A​​systematic​​review​​methodology​​is​​adopted​​to​​synthesize​​findings​​from​
​existing​ ​literature.​ ​Results​ ​indicate​ ​that​ ​OR​ ​techniques​ ​significantly​ ​enhance​
​healthcare​ ​efficiency,​ ​though​ ​implementation​ ​barriers​ ​remain​ ​in​ ​developing​
​regions.​

​1. Introduction​
​Healthcare​ ​systems​ ​across​ ​the​ ​world​ ​are​ ​facing​ ​increasing​​challenges​​due​​to​​the​​rapid​
​growth​​in​​population,​​rising​​patient​​demands,​​limited​​medical​​resources,​​and​​escalating​
​healthcare​ ​costs.​ ​These​ ​challenges​ ​require​ ​efficient​ ​planning,​ ​management,​ ​and​
​decision-making​ ​techniques​​to​​ensure​​quality​​healthcare​​services.​​Operations​​Research​
​(OR)​ ​has​ ​emerged​ ​as​ ​an​ ​important​ ​interdisciplinary​ ​field​ ​that​ ​applies​ ​mathematical​
​models,​ ​statistical​ ​analysis,​ ​and​ ​optimization​ ​techniques​ ​to​ ​solve​ ​complex​ ​healthcare​
​problems.​ ​OR​ ​techniques​ ​assist​ ​healthcare​ ​administrators​ ​and​ ​policymakers​ ​in​
​improving​ ​operational​ ​efficiency,​ ​minimizing​ ​costs,​ ​and​​enhancing​​patient​​satisfaction​
​through​ ​better​ ​utilization​ ​of​ ​available​ ​resources​ ​(Hillier​ ​&​ ​Lieberman,​ ​2021;​ ​Taha,​
​2017).​
​Various​ ​OR​ ​methods​ ​such​ ​as​ ​Linear​ ​Programming​ ​(LP),​ ​Integer​ ​Programming​ ​(IP),​
​Queuing​ ​Theory​ ​(QT),​ ​and​ ​Simulation​ ​have​ ​been​ ​widely​ ​implemented​ ​in​ ​healthcare​
​systems.​ ​These​ ​techniques​ ​are​ ​applied​ ​in​ ​areas​ ​including​​hospital​​bed​​allocation,​​staff​
​scheduling,​ ​ambulance​ ​routing,​ ​patient​ ​flow​ ​management,​ ​epidemic​ ​modeling,​ ​and​
​healthcare​ ​supply​ ​chain​ ​optimization.​ ​The​ ​use​ ​of​ ​OR​ ​techniques​ ​help​ ​reduce​ ​patient​
​waiting​​times,​​improve​​resource​​utilization​​efficiency,​​and​​support​​equitable​​healthcare​
​delivery.​ ​Therefore,​ ​this​ ​study​ ​aims​ ​to​ ​evaluate​ ​the​ ​effectiveness​ ​of​ ​different​ ​OR​

​1​

https://janolijournals.com/index.php/jijaem
mailto:vinod.k4bais@gmail.com


​techniques​​in​​addressing​​major​​healthcare​​operational​​challenges​​and​​improving​​overall​
​healthcare system performance.​

​2. Research Methodology​
​The​ ​research​ ​methodology​ ​is​ ​based​ ​on​ ​a​ ​Systematic​ ​Literature​ ​Review​ ​(SLR)​ ​to​
​examine​ ​the​ ​applications​ ​of​ ​Operations​ ​Research​ ​techniques​ ​in​ ​healthcare​ ​systems.​
​Relevant​ ​peer-reviewed​ ​studies​ ​were​ ​collected​ ​from​ ​databases​ ​such​ ​as​ ​PubMed,​
​ScienceDirect,​ ​and​ ​Google​ ​Scholar,​ ​and​​analyzed​​according​​to​​performance​​indicators​
​including​ ​waiting​ ​time​ ​reduction,​ ​resource​ ​utilization​ ​efficiency,​ ​and​ ​equity​ ​in​
​healthcare service delivery (Tranfield et al., 2003; Kitchenham, 2004).​
​2.1 Data Sources​
​Peer-reviewed articles were collected from databases including PubMed, ScienceDirect,​
​and Google Scholar to ensure the inclusion of reliable and high-quality academic​
​studies.​
​2.2 Inclusion Criteria​
​i.​ ​Studies focusing on OR applications in healthcare​

​ii.​ ​Papers discussing Linear Programming (LP), Integer Programming (IP), Queuing​
​Theory (QT), or Simulation​

​iii.​ ​Studies evaluating performance metrics such as waiting time, cost, or resource​
​allocation​

​2.3 Analysis Approach​
​Selected studies were categorized based on OR technique and evaluated for​
​effectiveness across three performance indicators:​

​i.​ ​Waiting time reduction​
​ii.​ ​Resource utilization efficiency​

​iii.​ ​Equity in service delivery​

​3. Overview of OR Techniques in Healthcare​
​3.1 Linear Programming (LP)​
​Linear​ ​Programming​ ​(LP)​ ​is​ ​an​​important​​Operations​​Research​​technique​​used​​for​​the​
​optimal​ ​allocation​ ​of​ ​limited​ ​healthcare​​resources​​such​​as​​medical​​staff,​​hospital​​beds,​
​and​ ​vaccines.​ ​It​ ​is​ ​widely​ ​applied​ ​in​ ​staff​ ​scheduling,​ ​hospital​ ​bed​ ​management,​ ​and​
​vaccine​ ​distribution​ ​to​ ​minimize​ ​operational​ ​costs​ ​and​ ​maximize​ ​healthcare​ ​service​
​efficiency.​​LP​​models​​improve​​resource​​utilization​​by​​providing​​optimal​​solutions​​under​
​various practical constraints​​(Taha, 2017; Hillier​​& Lieberman, 2021).​

​3.2​​Integer Programming (IP)​
​Integer​​Programming​​(IP)​​is​​a​​variation​​of​​Linear​​Programming​​in​​which​​decision​
​variables​ ​take​ ​only​ ​discrete​ ​or​ ​whole-number​ ​values.​ ​It​ ​is​ ​commonly​ ​used​ ​in​
​healthcare​​applications​​such​​as​​facility​​location​​planning,​​ambulance​​routing,​​and​
​staff​ ​assignment.​ ​IP​ ​provides​ ​more​ ​realistic​ ​and​​practical​​solutions​​in​​healthcare​
​logistics,​ ​where​ ​fractional​ ​values​ ​are​ ​not​ ​feasible​ ​for​ ​decision-making​ ​and​
​resource allocation (Winston, 2004; Daskin, 2013).​

​3.3​​Queuing Theory (QT)​
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​Queuing​ ​Theory​ ​(QT)​ ​is​ ​an​ ​important​ ​Operations​ ​Research​ ​technique​ ​used​ ​to​
​analyze​ ​patient​ ​flow​ ​and​ ​healthcare​ ​service​ ​systems​ ​in​ ​order​ ​to​ ​reduce​ ​waiting​
​times​ ​and​ ​improve​ ​operational​ ​efficiency.​ ​It​ ​is​ ​widely​ ​applied​ ​in​ ​emergency​
​departments​ ​and​ ​outpatient​ ​clinics​ ​for​ ​managing​ ​waiting​ ​lines​ ​and​ ​optimizing​
​service​ ​rates.​ ​QT​ ​models​ ​help​​healthcare​​institutions​​significantly​​reduce​​patient​
​waiting​ ​time​ ​while​ ​enhancing​ ​the​ ​overall​ ​quality​ ​and​ ​efficiency​ ​of​ ​healthcare​
​services Gross & Harris, 1998; Green, 2006).​

​3.4 Simulation Techniques​
​Simulation​ ​models,​ ​particularly​ ​discrete-event​ ​simulation,​ ​are​ ​used​ ​to​ ​replicate​
​real​ ​healthcare​ ​systems​ ​for​ ​experimentation​ ​and​ ​performance​ ​evaluation.​ ​These​
​models​ ​help​ ​analyze​ ​“what-if”​ ​scenarios​ ​and​ ​support​ ​better​ ​decision-making​ ​in​
​areas​ ​such​ ​as​ ​hospital​ ​workflow​ ​management,​ ​epidemic​ ​modeling,​​and​​resource​
​planning.​ ​Simulation​ ​techniques​ ​improve​ ​system​ ​design​ ​and​ ​operational​
​efficiency​ ​by​ ​allowing​ ​healthcare​ ​administrators​ ​to​ ​test​ ​strategies​ ​before​
​real-world implementation (Banks et al., 2010; Jun et al., 1999).​

​4. Comparative Effectiveness of OR Techniques​
​Technique​ ​Waiting Time​

​Reduction​
​Resource​
​Utilization​

​Equity​
​Improvement​

​Linear​
​Programming​

​Moderate​ ​High​ ​Moderate​

​Integer​
​Programming​

​Moderate​ ​High​ ​High​

​Queuing Theory​ ​High​ ​Moderate​ ​Moderate​
​Simulation​ ​High​ ​High​ ​High​

​Figure​ ​1:​ ​The​ ​graph​ ​indicates​ ​that​ ​most​ ​of​ ​the​ ​techniques​ ​require​​high​​resource​
​utilization,​​while​​only​​a​​small​​number​​of​​techniques​​fall​​under​​moderate​​resource​
​utilization.​ ​This​ ​suggests​ ​that​ ​the​ ​studied​ ​methods​ ​or​ ​systems​ ​are​ ​generally​
​resource-intensive in nature.​
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​5. Discussion​
​5.1 Reduction in Waiting Time​
​Queuing​ ​theory​ ​and​ ​simulation​​techniques​​are​​most​​effective​​in​​reducing​​patient​
​waiting​ ​time.​ ​QT​ ​provides​ ​analytical​ ​models,​ ​while​ ​simulation​​allows​​testing​​of​
​complex​ ​real-world​ ​scenarios.​ ​Studies​ ​show​ ​that​ ​queuing-based​ ​models​ ​can​
​optimize service rates and significantly reduce delays.​
​5.2 Resource Utilization​
​LP​​and​​IP​​are​​particularly​​effective​​in​​optimizing​​resource​​allocation.​​They​​ensure​
​that​ ​limited​ ​resources​ ​such​ ​as​ ​staff​ ​and​ ​equipment​​are​​used​​efficiently,​​reducing​
​operational costs.​
​5.3 Equity in Healthcare Delivery​
​Simulation​ ​and​ ​Integer​ ​Programming​ ​contribute​ ​significantly​ ​to​ ​equitable​
​healthcare​ ​by​ ​enabling​ ​better​ ​planning​ ​of​ ​service​ ​locations​ ​and​ ​distribution​ ​of​
​resources.​ ​OR​ ​techniques​ ​support​ ​policy-making​ ​for​ ​fair​ ​access​ ​to​ ​healthcare​
​services.​

​6. Conclusion​
​Operations​​Research​​techniques​​play​​a​​vital​​role​​in​​improving​​healthcare​​systems.​
​Queuing​ ​theory​ ​and​ ​simulation​ ​are​ ​highly​ ​effective​ ​in​ ​reducing​ ​waiting​ ​times,​
​while​ ​LP​ ​and​ ​IP​ ​enhance​ ​resource​ ​utilization.​ ​Collectively,​ ​these​ ​techniques​
​contribute​​to​​more​​equitable​​healthcare​​delivery.​​However,​​their​​full​​potential​​can​
​be​​realized​​only​​through​​improved​​data​​systems,​​technological​​infrastructure,​​and​
​interdisciplinary collaboration.​
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