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Abstract: The efficient management of an operating theatre is crucial to the overall performance of 

healthcare facilities. It involves scheduling surgeries, managing resources, minimizing waiting times, and 

ensuring optimal patient outcomes. This paper explores the application of Normal and Log-Normal 

distributions in the management of operating theatres, focusing on how these statistical models help in 

forecasting surgical durations, patient arrivals, and resource utilization. Through case studies and 

statistical analysis, we demonstrate the relevance and utility of these distributions in managing uncertainty 

and variability in operating theatre environments. 
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I. INTRODUCTION 

Operating theatres are among the most resource-intensive areas of a hospital. The efficient allocation of resources—such 

as surgical teams, equipment, and theatre time—requires careful planning and forecasting. In healthcare management, 

uncertainty and variability in surgical durations, patient arrivals, and resource demands are common. Statistical models 

such as Normal and Log-Normal distributions offer useful tools for understanding and managing this uncertainty. 

This paper aims to examine the role of these distributions in the context of operating theatre management. Specifically, 

it focuses on their applications in predicting and optimizing surgical durations, patient arrival times, and resource 

requirements. 

 

II. UNDERSTANDING NORMAL AND LOG-NORMAL DISTRIBUTIONS 

Normal Distribution 

The Normal distribution, also known as the Gaussian distribution, is one of the most commonly used probability 

distributions in statistics. It is characterized by its bell-shaped curve, where data is symmetrically distributed around the 

mean. The Normal distribution is widely applied in various fields due to its ability to model a wide range of natural 

phenomena that exhibit central tendencies. 

In operating theatre management, the Normal distribution can be used to model: 

 Surgical durations when the mean time is well-known and variability is relatively constant. 

 Time intervals between patient arrivals or between different stages of a surgical procedure. 

 

1. Figure 1: Normal Distribution of Surgical Durations 

This figure would illustrate the bell-shaped curve of the Normal distribution applied to surgical durations that exhibit 

consistent and predictable times. It should plot surgical durations on the x-axis and the frequency of each duration on 

the y-axis. 

 

Description: 

 X-axis: Duration of surgeries (e.g., minutes) 

 Y-axis: Frequency of surgeries at each duration 

 Title: "Normal Distribution of Routine Surgical Durations (e.g., Appendectomy)" 
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Log-Normal Distribution 

The Log-Normal distribution is a probability distribution of a random variable whose logarithm is normally distributed. 

This means that if the variable XXX follows a Log-Normal distribution, then ln	 (X)\ln(X)ln(X) follows a Normal 

distribution. The Log-Normal distribution is positively skewed and is often used to model data that cannot take negative 

values and exhibits long-tail behaviour, which is commonly seen in operations with high variability. 

In operating theatre management, the Log-Normal distribution is particularly useful for modelling: 

 Surgical durations where there is significant skewness in the data. 

 Variability in the number of patients arriving at the theatre at different times, especially in emergency settings. 

 Time taken to set up and clean the operating theatre between procedures, where variability is often high. 

 

Figure 2: Log-Normal Distribution of Surgical Durations 

A figure showing the skewed, right-tail shape of the Log-Normal distribution applied to surgeries with high variability 

(such as complex cardiac surgeries). This graph would highlight the positive skew, showing how a few surgeries take 

significantly longer than the mean. 

 

Description: 

 X-axis: Duration of surgeries (e.g., minutes) 

 Y-axis: Frequency of surgeries at each duration 

 Title: "Log-Normal Distribution of Complex Surgical Durations (e.g., Cardiac Bypass)" 
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III. APPLICATIONS IN OPERATING THEATRE MANAGEMENT 

Surgical Duration Forecasting 

Surgical duration is one of the most critical factors influencing operating theatre scheduling. Accurate predictions of 

surgery time are essential for optimizing theatre utilization and minimizing downtime between surgeries. The Normal 

distribution is appropriate for surgeries where durations are generally predictable and consistent, such as routine 

procedures. 

However, in cases where surgical times are highly variable, the Log-Normal distribution is a better fit, especially for 

complex surgeries. For example, in surgeries that involve multiple stages or unexpected complications, the Log-Normal 

distribution can model the long-tailed nature of surgical durations. 

 

Patient Arrival and Surgery Scheduling 

Both Normal and Log-Normal distributions can be applied to model patient arrival patterns. The Normal distribution 

may be used when patients arrive at the theatre in a relatively predictable manner, such as during scheduled surgeries. 

In contrast, the Log-Normal distribution is more suitable for emergency surgeries or unplanned procedures, where 

arrivals are irregular, and variability is high. 

By applying these distributions, healthcare managers can create more accurate schedules, reducing patient waiting times 

and increasing the throughput of the operating theatre. 

 

Resource Allocation and Utilization 

Operating theatres require a wide array of resources, including surgical staff, equipment, and space. The availability and 

utilization of these resources are often subject to variability and uncertainty. The Log-Normal distribution is particularly 

useful for modelling the uncertainty in resource utilization, especially when demand for resources is highly variable. 

For example, the time required to set up or clean the operating theatre can vary considerably. Using Log-Normal 

distribution models can help in estimating resource requirements more effectively, leading to optimized schedules and 

reduced idle times for staff and equipment. 
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Reducing Waiting Times and Overcrowding 

Waiting times in operating theatres can have significant implications on patient outcomes. The use of Normal and Log-

Normal distributions helps in anticipating and minimizing delays by providing more accurate estimations of operating 

theatre demands. With these statistical tools, hospitals can better balance patient demand with available resources, 

ensuring that theatres are neither under-utilized nor overburdened. 

 

IV. CASE STUDIES AND EXAMPLES 

4.1 Case Study: Surgical Duration Estimation 

In a study conducted at a large hospital, surgical durations for different types of procedures were analysed. Routine 

surgeries, such as appendectomies and hernia repairs, were found to follow a Normal distribution with minimal 

variability. However, complex surgeries, such as cardiac bypass operations, showed a Log-Normal distribution, with a 

high degree of variability in time taken. 

By applying these distributions, the hospital was able to create more accurate operating theatre schedules, reducing 

waiting times for patients and improving overall theatre utilization. 

 

4.2 Case Study: Emergency Surgery Scheduling 

In a hospital's emergency department, patient arrivals for emergency surgeries were modelled using the Log-Normal 

distribution. Data collected over several months revealed that while there was a central tendency, the arrival times and 

types of surgeries showed significant skewness. By using the Log-Normal model, the hospital optimized its emergency 

surgery schedule, ensuring that resources were allocated more efficiently. 

  

V. CHALLENGES AND LIMITATIONS 

While Normal and Log-Normal distributions provide valuable insights, there are several challenges in their application: 

• Data Quality: Accurate modelling requires high-quality, consistent data. Incomplete or inconsistent data may lead to 

incorrect conclusions. 

• Over-simplification: While these models are useful, they may oversimplify real-world complexities. Factors such as 

human error, unforeseen complications, and equipment breakdowns may not always be captured in the models. 

• Changing Variables: In some cases, surgical durations or patient arrival patterns may evolve over time, requiring 

constant updating of the models. 

 

VI. CONCLUSION 

The application of Normal and Log-Normal distributions in operating theatre management offers a powerful approach 

to optimizing resource allocation, scheduling, and reducing delays. By leveraging these statistical tools, healthcare 

facilities can improve theatre utilization, manage surgical durations more effectively, and enhance patient outcomes. 

However, careful attention must be given to data quality and the limitations of these models to ensure their successful 

implementation. 
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