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Introduction: Clinical Engineering Departments (CEDs) face growing challenges in managing rapidly evolving medical technologies
and increasing equipment inventories under constrained budgets and limited human resources. These pressures often result in strained
staffing capacity and imbalanced workload distribution. This study aimed to develop and validate a metrics-driven hybrid staffing
model to optimize workforce allocation and improve workload efficiency across National Guard Health Affairs (NGHA) hospitals in
Saudi Arabia.

Methods: Five years of maintenance data were extracted from the Computerized Maintenance Management System (CMMS) and
Oracle E-Business Suite. These data were analyzed to construct a hybrid staffing model that combined quantitative workload metrics
with qualitative input from clinical engineering staff across 11 NGHA hospitals. Model validation included a detailed case study at
King Abdullah Specialized Children’s Hospital (KASCH), with comparisons to existing staffing models, including the Ottawa Hospital
approach.

Results: The case study revealed that the current staffing of 14 full-time equivalents (FTEs) at KASCH was insufficient, with the
model projecting a requirement of 17 FTEs, indicating a 7.8% shortfall. Workload analysis showed highly uneven staff utilization
rates, ranging from 20.8% to 71.5%. High-maintenance equipment, such as MRI machines, required up to 42.1 hours per device
annually. The proposed hybrid model achieved more balanced staffing, predictive maintenance scheduling, and dynamic task assign-
ments. Compared to traditional models, it demonstrated an estimated 25% cost savings, equipment uptime exceeding 95%, and
improved workload distribution.

Discussion: The hybrid staffing model provides a data-driven framework that integrates preventive and corrective maintenance
requirements with staff input to support risk-based decisions. While validated within the NGHA system, the model is adaptable for
healthcare facilities with different device profiles, regulatory pressures, and financial constraints. Successful implementation depends
on strong institutional leadership, continuous data collection, and comprehensive staff training to ensure long-term sustainability and
scalability.

Keywords: workload prediction, productivity benchmarking, healthcare technology management, staffing efficiency, maintenance
optimization

Introduction

Clinical engineering is a rapidly evolving branch of engineering and technology that has a direct impact on the healthcare
system. This evolution has occurred due to a transition from the previous century when predicting the useful life of
medical equipment for patient care was challenging. In the past, unsophisticated medical equipment had a useful life of
up to twenty years. Consequently, the replacement of equipment occurred sporadically, typically only when the last unit

failed completely. However, with rapid advancements in technology, this is no longer the case. High-tech medical
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equipment now often becomes obsolete after only five years. To maintain competence in healthcare delivery, equipment
must be replaced once it reaches obsolescence. As a result, the field of clinical engineering has become increasingly
professionalized and technologically advanced.'

For this projection to be effective and the domain to provide vast benefits to the healthcare system, it is essential that
healthcare institutions employ an adequate number of professionally trained clinical engineers and technicians. Over the
past two decades, healthcare institutions have been reducing their staffing levels in clinical engineering. In today’s
economic environment, there is still intense pressure to reduce the operating costs of providing healthcare. This pressure
comes from policies of third-party payers, increasing competition among providing institutions, and a general realization
that healthcare expenditure must be contained.*”

Efficient administration of technical resources may reduce costs, create helpful information for administrators, and
improve the quality of healthcare services. To achieve these objectives, the clinical engineering departments (CED) must
be appropriately sized and have sufficient engineers, technicians, and administrative personnel to handle the activities and
equipment. Productivity has been a challenging subject for CEDs for over thirty years and is expected to continue due to
the increasing pressure to reduce healthcare expenses. CED productivity is directly tied to CED benchmarking, which
involves measuring and comparing CED operations among institutions. Labor costs are often the greatest component of
overall costs in the service business.*

Hospital executives often assess the cost-effectiveness of their CED by comparing personnel levels, staffing is simpler
to quantify than productivity, despite being two sides of the same coin. Staffing data may be obtained from payroll using
headcount or full-time equivalent (FTE). In 2004, the Association for the Advancement of Medical Instrumentation
(AAMI) commissioned research on CE benchmarking, leading to the establishment of consultancy services by both
AAMI and the Emergency Care Research Institute (ECRI). The first large-scale benchmarking research was released in
2008, and further assessments were published by AAMI and ECRI Institute. Wang et al’s benchmarking study identified
numerous markers for clinical engineering (CE) staffing. Some hospital officials raised concerns about the number of
full-time employees in their CE departments. Evans provided a more complex model for CE staffing, contradicting the
signs given by Wang et al. Since then, other investigations and models have been published. This project will evaluate
staffing strategies and productivity in the Clinical Engineering Department. It also will present a methodology for
estimating and assessing CE personnel.*”’

Over the past 50 years, healthcare institutions in technologically advanced countries like the United States, Canada,
France, Germany, the United Kingdom, the Netherlands, and Sweden have hired technical and engineering staff to
manage biomedical equipment effectively. This was especially important in the United States because of the numerous
safety-related laws, regulations, and technical standards that compelled hospital managers and academic authorities to
launch programs for the establishment of clinical engineering services within hospitals. The Joint Commission for
Accreditation of Hospitals (J.C.I.) established rules for providing high-quality services. The number of engineers and
technicians in US hospitals increased from roughly 3000 in 1973 to almost 10,000 in 1980, since then, the number of
clinical engineers has grown at an average annual rate of 11.5%.%"*

Efficient utilization of limited resources is crucial in nations where governments struggle to provide basic healthcare.
In underdeveloped nations, the primary issue is not a shortage of equipment, but rather the fact that up to 75% of the
delivered equipment is unusable. Equipment may not be installed or used due to inadequate infrastructure (eg,
insufficient premises, untrained staff) or breakdowns that cannot be repaired due to a lack of spare parts or qualified
technicians. Over the last two decades, the World Health Organization (WHO) has focused resources on educating
maintenance technicians and, to some extent, higher-level workers to address these shortcomings. However, as there was
only one link in a much longer chain that represented an effective management system, it was discovered that technician
training alone was not enough to address the issues.*’

The CED is now recognized as the best structure for effectively handling biomedical technologies. In the past, all
CEDs were required to do fundamental duties such as acceptance testing, repair, and preventive maintenance of medical
equipment. These days, the scope of practice for a clinical engineer has expanded to cover not only the purchase of
biomedical equipment to ensure safe and appropriate decisions but also the management of this equipment to provide
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continuous control over the state of technological resources, the selection of staffing levels requires careful consideration
of the criteria to be used, just as in any other hospital department.**'

Based on research and experience, a significant finding is revealed. Most of the time, changes to the CED staff are
made gradually until the final structure is reached; in other words, initially, there was just one clinical engineer and
maybe one technical or administrative assistant, and more staff members were added as needed. Previously, Clinical
Engineering was viewed with suspicion and undervalued, but it has since shown its effectiveness. Efficient administration
of technical resources may reduce costs, create helpful information for administrators, and improve the quality of
healthcare services."'

The healthcare sector in Saudi Arabia is experiencing a significant transformation as part of the Kingdom’s ambitious
Vision 2030 initiative. This strategic plan aims to diversify the economy, reduce reliance on oil revenues, and enhance the
overall quality of life for its citizens. A critical aspect of this transformation is the improvement of healthcare services,
which includes the effective management of medical technology. Biomedical Engineering Departments (BMDs) play
a vital role in this regard, as they are responsible for overseeing the management, maintenance, and optimization of
medical equipment and technology within healthcare facilities.'>'*

In developed nations, CEDs and clinical engineers are well-established and play essential roles in hospital operations,
including the assessment, acquisition, implementation, and safety of medical technology. However, in developing
countries, including Saudi Arabia, the importance of CEDs needs to be more acknowledged. The shortage of skilled
professionals in health technology management poses a significant challenge, especially given the rapid advancements in
medical technology. This gap underscores the necessity for a structured approach to staffing and resource allocation
within CEDs to ensure the efficient management of medical devices and technology.'* '°

National Guard Health Affairs (NGHA) hospitals are government-funded health system in the Kingdom of Saudi
Arabia, established in 1983. It operates a network of medical facilities across several regions, including Riyadh, Jeddah,
Al-Ahsa, Dammam, Medina, Taif, and Qassim, providing comprehensive healthcare services primarily to National Guard
personnel and their families.'’

The NGHA in Saudi Arabia has been actively working to align its healthcare services with the objectives of Vision
2030. This involves not only enhancing the quality of healthcare but also ensuring that the necessary human resources are
available to support these advancements. Biomedical engineers are increasingly taking on leadership roles in the design,
renovation, and commissioning of healthcare facilities, making their expertise indispensable to the success of these
initiatives."*'® Despite the growing recognition of the importance of CEDs, there is a notable lack of published research
and benchmarks regarding CED staffing in Saudi Arabia or the Gulf Cooperation Council (GCC) region. This knowledge
gap complicates decision-makers’ ability to determine the appropriate number of staff required for CEDs and allocate
resources effectively. Key factors such as the total number of beds, hospital area, total staff, number of medical devices,
and the cost of medical technology are all critical variables that influence the staffing needs of CEDs. Understanding
these variables and their interrelationships is essential for developing a reliable staffing model that can support the
effective operation of CEDs.'*!'*

Several models have been proposed to determine optimal staffing levels in the CEDs. For instance, the German
Ministry of Research and Technology sponsored a program to develop CEDs that was later called The Irnich Model. By
analyzing the program’s results conducted in ten hospitals, it was possible to see how all the services performed
significantly in terms of cost savings. The aim of the study was to determine which structural parameter had the biggest
impact on cost savings. Correlations between the number of beds, investments, savings, and employees working in the
centres were established with this goal in mind. When the number of beds was used as a parameter, good results were
discovered. After the total number of technicians has been computed, the number of clinical engineers may be
ascertained, with the appropriate ratio being one engineer for every five or six technicians. To assure additional tasks,
such as administration, record keeping, professional training, etc., the addition of other technical and administrative staff
is essential to these personnel, with the total number projected to be equivalent to 40% of the prior. This model’s
weakness is that it bases size on the values of a small number of factors, making the outcome highly contingent on the
assigned values. Furthermore, these figures can only be precisely calculated if the CED remains operational. However, if

the activities need to be planned ex novo, it is challenging to estimate them.’'*!”
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Frize’s survey of CED managers in Europe and the USA provided 116 complete questionnaires. The repurchasing
value of the equipment was found to be the most effective parameter for estimating the optimal number of service
components, considering the number of beds, equipment, and repurchasing value. Based on the information from the
surveys, the repurchasing value of the equipment was the variable that had the strongest relationship with the total
number of technical service components.'® It is feasible to utilise the quantity of equipment as the sizing parameter in the
absence of data on the equipment’s repurchasing value.**'° Frize’s conclusions about the size of CED can be summed up
as follows:

One technician for every 400 pieces of equipment or $1 to 1.5 million in repurchasing value of the equipment.
One engineer for every three to five technicians.

One head technician for every eight to twelve technicians,

Eight to ten technicians and engineers for every clerk.

Warehouse: 1% of the equipment’s repurchasing value.

Space: 25 m’ per person.

N oA L

Testing equipment: 1% of the equipment’s repurchasing value.

This technique looks straightforward to deploy, as needed data may be simply acquired from a biological equipment
inventory. However, the model lacks flexibility in sizing services based on organizational choices. For instance, it cannot
account for activities that are only performed for a subset of equipment.*'*'

The Lamberti model’s importance lies in its capacity to account for various organizational tactics, such as estimating
staff needs according to the activities and equipment assigned to the CED. A CED’s staffing needs may be estimated via
the Lamberti model based on the task that has to be completed. The tasks that the Department must do, the parameters
that allow for the estimation of the related workload, and the connection between the parameters and the related workload
must all be specified in order to estimate the workload.'**® Although various methods have been developed to determine
staffing levels in CEDs. Each method presents unique challenges that complicate the establishment of a universal
standard for staffing. These methods possess both theoretical and practical advantages, as well as limitations, which
are summarized in Table 1.*

To address these limitations, there is a need for more sophisticated models that can account for a wider range of
factors, including the complexity of equipment, the level of technical expertise required, and the specific needs of the
healthcare facility. In order to achieve these goals, the CED’s size must be appropriate, meaning that the number of
engineers, technicians, and administrative people it employs must match the tasks it is meant to do and the amount of
equipment it is meant to oversee. Some models have been provided in the other studies in order to predict a priori the size
of the staff and its distribution among engineers and technicians. Table 2 highlights the need for a hybrid, adaptable
model that integrates both quantitative and qualitative data for more accurate staffing predictions.''

The present study aims to explicitly address the challenges in Clinical Engineering Departments (CEDs) staffing and
workload balance within National Guard Health Affairs (NGHA) hospitals. Specifically, its objectives are to create and
validate a score model through the hybrid model approach to manage staffing and workload allocation in Clinical
Engineering Departments (CEDs) in NGHA hospitals. The project objectives in detail include: (1) Identifying the main
variables that affect the level of staffing required through the use of maintenance data by conducting a quantitative
analysis; (2) Complementing the quantitative analysis with qualitative input from subject-matter experts to provide
deeper understanding of the dynamics of workload; and (3) Generating an adaptable and scalable model that will allow
for resource planning based on evidence within a healthcare setting and validating it at the King Abdullah Specialized
Children’s Hospital (KASCH).

Materials and Methods

Ethical approval for conducting this study was obtained from the Institutional Review Board (IRB) at King Abdullah
International Medical Research Center (KAIMRC) under approved IRB No.: 0000056524.2* All participants provided
informed consent in line with the Declaration of Helsinki. The research methodology for this study combines quantitative
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Table | Theoretical and Practical Advantages and Disadvantages of Each Indicator for Clinical Engineering (CE) Staffing or Productivity Benchmarking

Indicator

Advantages

Shortcomings

The ratio of Documented Worked, Chargeable, or Earned Hours to Paid
Hours.*?!

Traditional measure of productivity.
Easy to understand for CE staff.

Different interpretations of what constitutes chargeable or earned hours.
Can be manipulated, raising questions about accuracy.

Hourly Rate.?

Simple to compare with vendor rates.
Clear understanding for all stakeholders.

Variations in overhead cost inclusions can skew comparisons.
May be manipulated unless CE is financially independent.

No. of Work Orders (Total or Service Only) Completed per Full-Time
Equivalent (FTE).*?

Easy to obtain and calculate.
Understandable by CE staff.

Variability based on equipment types can affect results.
Non-chargeable work orders can distort productivity metrics.
Quick repairs might be misclassified as scheduled maintenance.

Total Equipment Acquisition Cost/FTE.*'°

Easily comprehensible for all stakeholders.

Acquisition cost does not reflect CE work output.
Potential inaccuracies due to discounts, trade-ins, and accessories.

No. of Pieces of Equipment/FTE."°

Simple to obtain.
Easy for all to understand.

Significant inventory coverage differences (eg, imaging, lab equipment).
Equipment without scheduled maintenance may skew metrics.
—Maintenance intensive equipment might require more resources.

Total CE Expense/FTE.*??

Clear for hospital leaders.

Useful for benchmarking against similar departments.

Inconsistencies in normalization rules can lead to misleading comparisons.
Certain expenses (eg, imaging service contracts) may be out of CE’s control.

No. of Operating (Staffed) Beds/FTE.*'°

Straightforward to gather data.
Easily understood by hospital administrators.

Mixed care types (long-term vs acute care) can complicate comparisons.

Some hospitals may have reduced clinical staffing while maintaining unused equipment.

No. of Patient Days (Adjusted or Not for Outpatient Care)/FTE.**

Easy data collection.
Clear for hospital leaders.

Long-term care mixed with acute care complicates efficiency assessments.
Differences in discharge efficiency across hospitals can skew data.

No. of Patient Discharges (Adjusted or Not for Outpatient Care)/
FTE*??

Simple to gather and interpret.
Understandable for hospital administrators.

Variation in case mix indices among hospitals may affect comparisons.

Total Hospital Operating Expense/FTE."‘23

Accessible data due to public disclosure.
Clear understanding of hospital leaders.

CFE'’s influence on total operating expense is limited (typically 1%).
Major teaching hospitals may rely on non-operational funding to cover losses.
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Table 2 Limitations of Existing Clinical Engineering Staffing Models

Model Strengths Limitations

Irnich Model Cost-effectiveness focus; based on real hospital | Static parameters; limited flexibility; does not adapt to changing device mix
data

Frize Model Uses equipment value as a proxy for workload Lacks consideration for device complexity and dynamic maintenance

requirements

Lamberti Model Activity-based; adaptable to different task High data requirement; complex implementation; difficult to scale without
types automation

Benchmark Easy to interpret; widely known Oversimplified; fails to account for device risk level or maintenance intensity

Ratios

and qualitative analyses. The quantitative analysis involves gathering historical data from the Computerized Maintenance
Management System (CMMS) and Oracle E-Business Suite at the King Abdullah Specialized Children Hospital
(KASCH), part of NGHA. This data collection includes comprehensive asset inventories, preventive maintenance
(PM), and corrective maintenance (CM) work order histories spanning five years (2020-2024), along with PM forecasts
projected for 2025-2029. Historical data were utilized to calculate the duration of PM and CM tasks, including specific
tasks such as device localization, paperwork completion, and parts procurement. These durations were aggregated per
device model and adjusted based on device aging to ensure accurate workload predictions.>> %’

Subsequently, the quantitative analysis involved calculating the annual preventive and corrective maintenance work-
load for each technologist, factoring in the specific types and complexities of assigned medical devices. This data
provided an essential foundation for developing predictive workload models and staffing estimations. Additionally,
qualitative data were gathered via structured surveys, targeting clinical engineering staff across multiple hospitals within
NGHA. These surveys aimed to understand staffing practices, workload distribution strategies, compliance challenges,
and departmental operational dynamics, providing qualitative context to complement and validate quantitative findings.*®
The combination of these methods enabled the comprehensive evaluation of current staffing practices and the identifica-
tion of gaps, thus forming a robust methodological framework for achieving the study’s objectives.

Quantitative Model

The study relied heavily on detailed data analysis to predict workload and staffing requirements accurately. Initial data
was sourced from the CMMS and Oracle E-Business Suite systems utilized by the biomedical engineering department.*
Comprehensive asset inventory data encompassed the identification, type, quantity, and operational status of medical
devices. Historical work order records covering a period from 2020 to 2024 provided insights into both preventive and
corrective maintenance activities, enabling the calculation of average durations required for these tasks on a per-device
basis. This historical analysis accounted for variations in workload due to device complexity, device aging, and frequency
of maintenance.”’

Data Collection

Data was obtained from The King Abdullah Specialized Children Hospital (KASCH) at NGHA-Biomedical Engineering
Department’s Computerized Maintenance Management System (CMMS) and Oracle E-Business Suite. The following
Table 3 illustrates the characteristics of data set, calculation, formula used and model validation.

Device Complexity Classification

Device features were evaluated in a multi-criteria treatment for both operational and technical aspects.'® Major factors
were the importance of the device function (life-support equipment versus non-critical monitoring devices),’ the amount
and interval of servicing, and the mean time to perform preventive and corrective services.”® The technical specifications
of the system including software interfaces, imaging mode and calibration needs were other factors also taken into
account. It also considered manufacturer recommended maintenance intervals and risk classes as specified by

400 https: Journal of Healthcare Leadership 2025:17



Al-Abdulkarim et al

Table 3 The Characteristics of Data Set, Calculation, Formula Used and Model Validation

Characteristics Details

Types of data ® Asset inventory for all medical devices.
® Preventive maintenance (PM) work order (WO) history (5 years: 2020-2024).
® Corrective maintenance (CM) WO history (5 years: 2020-2024).
® PM forecast for 2025-2029

Calculations PM Duration:

® Time required for each PM task, including locating devices, maintenance, paperwork, and ordering parts.

® Calculated for specific device models based on historical data.
CM Duration:

® Average CM hours per device based on historical WO data.

® Adjusted for aging devices by comparing long-term averages to recent trends.
Workload Prediction:

® Combined PM and CM duration estimates to calculate the annual workload for each technologist, factoring in their assigned
devices.

Used the formula p p _ (Total PM/CM Duration Over Time /r: .
Average Duration per Device per Year = Narber of Dovices /Time Period

Model validation | ® Compared forecasted durations and workloads against historical data and external benchmarks (eg, Ottawa Hospital in
Canada).

® Adjusted estimates to account for underreported or inconsistently recorded projects and miscellaneous work.

international standards, which include TEC 60601 and World Health Organization (WHO) device risk frameworks.?®
According to this evaluation, devices like magnetic resonance imaging (MRI) systems, computed tomography (CT)
scanners, ventilators, and anesthesia units were labeled as high-complexity, and weighing scales, digital thermometers,
and electrocardiography (ECG) were considered low-complexity because of their reduced technical requirements and less
operational risk.

Normalisation of Workload per Device

Data of workloads for each medical device was normalised to provide accurate and comparable workloads across the
equipment portfolio.'" This normalization was subject to various adaptations. First, requests were classified as type, type
being an emergency and scheduled maintenance order. Second, maintenance routines were deconstructed into the
component maintenance activities — device localisation, parts ordering and documentation (among others) — to obtain
an accurate estimate of the amount of time spent.'? Third, the model included the concept of device aging, and modified
the performance and failure rates to capture the increased maintenance workload for aging hardware. In addition, recent
trends (recurrent failures, repair frequencies) were reviewed to avoid work load predictions being distorted by outliers,
(clusters, technician specific differences). Overall, these normalization processes improved model accuracy and reduced

bias and permitted valid comparisons across devices and more reliable staffing estimates.*'*

Qualitative Model

The study included insights from a qualitative survey conducted among biomedical engineering staff from CEDs across
various hospitals within the NGHA system. The qualitative survey aimed to gather comprehensive data on staffing
practices, workload distribution strategies, compliance challenges, and departmental operational dynamics.*® Participants
included biomedical engineers, clinical engineering managers, clinical engineers, and biomedical engineering techni-
cians, ensuring diverse and representative insights. Questionnaire the questionnaire utilized in this study was a structured
one and consisted of 23 items. Internal consistency was evaluated with Cronbach’s alpha, which was 0.82 indicating
good reliability.?® In addition, to ensure inter-rater reliability, three separate reviewers reviewed and refined the survey
tool prior to its disseminating. Consensuses meetings resolved any discrepant interpretation of items in order to maintain
uniformity and the content validity of the test.”'
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The survey consisted of 23 structured close-ended questions, covering topics such as preventive maintenance (PM)

compliance, device assignment strategies, project tracking, staff responsibilities, and perceived impacts of technological

advancements. The sample size was determined using the Yamane method, ensuring representativeness and reliability of

the data.’” Data collection was conducted through an electronic survey platform, and responses were systematically

coded and thematically analyzed to identify key trends, common practices, and operational challenges faced by CEDs.

The following Table 4 describes the full details of the survey conducted.”® This includes the participants, content,

targeted population, inclusion criteria, and exclusion criteria.

Hybrid Model

This model integrates qualitative insights (survey responses) and quantitative data (PPM/workload metrics) to optimize

staffing, reduce costs, and improve equipment reliability. The core principles of this model are:

1. Risk-Based Staffing: Prioritize resources for high-risk, high-complexity devices (eg, MRI, ventilators).

2. Hybrid Workforce: Combine in-house teams for routine tasks with outsourced specialists for advanced

technologies.

3. Predictive Maintenance: Use IoT and Al to shift from reactive repairs to proactive prevention.**

4. Scalability: Adapt to technological advancements (eg, Al-driven devices, robotics).

Figure 1 depicts the visual structure diagram of the hybrid model for staffing and workload balance.

Table 4 Details of the Survey Conducted

Survey Details

Description

Study design and participants

This study relied on a quantitative cross-sectional research approach to assess competencies. A cross-sectional
research design was chosen because it allowed for the collection of large amounts of data from multiple
individuals simultaneously without manipulating variables. Furthermore, there was no need for a lengthy data
collection period, especially given the desired outcome.

I'l CEDs from National Guard Health Afford hospitals with 3737 beds across KSA

Targeted population and
Sampling technique

All stuff in the Department of Biomedical Engineering at the National Guard Hospitals in Saudi Arabia, the
population size is: 104, and the sample size is: 50 specified using the Yamane method, explained by the following

equation:
n= H%’ where: n =required sample size; N = population size; e = margin of error 0.10 (10%).

Inclusion Criteria

® Biomedical engineering managers responsible for managing engineering and technical staff.

® Biomedical engineering supervisors working in the healthcare sector.

® Biomedical engineering managers with previous experience.

® Biomedical engineering managers are willing to participate in the investigation and provide their informed

consent.

Exclusion criteria

Biomedical engineering supervisors who do not meet the qualifications.

Biomedical engineering managers who have little previous experience in dealing with the challenges of the

medical device sector.

Biomedical engineering managers who are on leave or are not currently working in the hospital context.

Biomedical engineering supervisors who are unwilling or unable to give informed consent.

Instrument

The study utilised the reliable CEDs assessment questionnaire developed by our research team.
The study questionnaire was evaluated and validated by three professional clinical engineering in the field.
23 close-ended questions about staffing, workload balancing, and PM programs.

Topics included PM compliance, device assignment strategies, and project tracking.

Data Analysis

Data was analysed using the Statistical Package for the Social Sciences version 26

40 2 https:
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Hybrid Model for Staffing and Workload Balance
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Figure | Visual diagram of the Hybrid Model for Staffing and Workload Balance.

Results

Quantitative Analysis of PPM Data
Table 5 depicts the calculation of data collection over the period of 2020—2024. This included PM duration, CM duration,
and workload prediction of every engineer according to the specific machine (model/manufacturer). These calculations

give an estimated annual workload in hours per device, categorized by device model.

Table 5 Calculations for Total Estimated Annual Workload per Device

Device Name Count of Total Repair Hours Total PPM Hours Average PPM Duration Average CM Hours Total Estimated Annual
Devices CM in 2020-2024 in 2020-2024 per Device per Year per Device per Year Workload per Device, h

Patient Monitor 393 1481 1271 0.65 0.75 1.40

Scales 290 1311 1006 0.69 0.90 1.60

Ophthalmology Unit 14 136 16 1.66 1.94 3.60

Blood Irradiation 2 172 83 830 17.20 25.50

ENT Units 14 185 107 1.53 264 4.17

Flow Cabinet 19 104 206 217 1.09 3.26

Centrifuge 16 202 212 2.65 253 5.18

Infant Incubator 16 51 175 2.19 0.64 2.83

Patient Warming Unit 54 69 285 1.06 0.26 1.31

Electrosurgical Unit 28 34 520 371 0.24 3.96

Ventilator 69 2042 1105 3.20 5.92 9.12

Anesthesia Units 22 1380 68l 6.19 12,55 18.74

MRI 4 842 301 15.05 42.10 57.15

CcT 6 601 442 14.73 20.03 34.77

Electrocardiograph (ECG) 22 338 124 113 3.07 4.20
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Table 6 Workload Distribution by Engineer

Engineer | Devices | Total PPM Hours (2024) | Avg. Hours/Device | Utilization Rate
Group | 323 417 1.29 hours 71.5% (810/ 1132.8)
Group 2 1653 88l 0.53 hours 45.5% (516/ 1132.8)
Group 3 839 700.7 0.84 hours 20.8% (236/ 1132.8)
Group 4 3325 1556 0.47 hours 46% (810/1760)

Below is a structured breakdown of the PPM (Planned Preventive Maintenance) data, focusing on workload
distribution, efficiency gaps, and equipment demands:

Workload Distribution by Engineer

Table 6 illustrates the workload distribution by group of Engineer. From this table we can note that the Group! spends the
most time per device (1.29 hours), likely due to high-complexity equipment. While Group 2 manages the largest
inventory (1653 devices) but operates at only 29% utilization, indicating inefficiency or understaffing. On the other
hand, Group 4 handles 59% of all devices but operates below 50% capacity.

High-Maintenance Equipment

Table 7 shows the high-maintenance equipment by group of Engineer. The analysis figures out that the MRI machines
require 42.1 hours/device/year, making them the most maintenance intensive. While ventilators and anesthesia units also
demand significant resources.

Preventive Maintenance vs Repairs
Table 8 shows the preventive maintenance vs This table indicates that the reactive repairs dominate workload, suggesting
gaps in preventive strategies.

Table 7 High-Maintenance Equipment

Device Devices | Total Repair Hours (2020-2024) | Avg. Repair Hours/Device/Year
Ventilator 69 2042 5.92 hours
Anesthesia Units 22 1380 12.55 hours
MRI 4 842 42.1 hours
CT Scanners 6 601 20.03 hours

Table 8 Preventive Maintenance Vs Repairs

Total PPM Hours (2020-2024): 21,735 hours
Total Repair Hours (2020-2024): 43,747 hours
PPM/Repair Ratio: 1:2 (PPM accounts for 33% of total workload).
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Table 9 Workload per Device Category

Device Type Avg. Annual Workload/Device
MRI 42.1 hours
Ventilators 5.92 hours
Seca Scales 0.9 hours
Philips Patient Monitors 1.4 hours

Workload per Device Category
Table 9 shows the workload per device category. The table illustrates the high-risk devices (eg, MRI, ventilators) require
5—-10x more time than low-risk devices (eg, scales).

FTE Availability and Productive Hour Calculations

Calculating each device’s annual preventive and corrective maintenance workload helps identify the maintenance
responsibilities an engineer will manage based on their device portfolio. Productive work hours at KASCH the
calculation of productive work hours per Engineer was done as shown in Table 10.

FTE Requirement Calculation for Clinical Equipment Maintenance
Total PM and CM workload was calculated from all active clinical devices (11,876 devices) included in the Feb 2025
Asset Extract, 15% can include as an estimated percentage of total PM and CM of time needed to complete miscella-
neous work and projects as given in Table 11.

As mentioned before, an 80% productivity factor per engineer per year converts into 1132.8 hours of “chargeable”
work annually, or one FTE, the number of engineers required to complete the whole amount of expected work at KASCH
each year may be determined using this assumption. The following is the method used to figure out the calculation:

(17181 hours/year)/(1132.8 hours/FTE)= 15.1 FTEs.

Table 10 Summary of the Breakdown of hours for | FTE

Description Hours

Total Full-time equivalent time per tech per year 1944 hours

Official holidays (two Eid and national day ... etc) 200 hours

Average Vacation Leave 304 hours
Average Sick Leave 24 hours
Available work hours per year 1416 hours
80% Productivity hours per year per Engineer 1132.8 hours

Table Il Calculation for Total Annual Estimated Time Required to Maintain KASCH Devices

Activity Annual Estimated Time Required (h)
PM and CM for all devices 14940
Miscellaneous and projects (15% of the total PM and CM) 2241
Total 17181
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The quantitative analysis highlights critical inefficiencies in workload distribution, underutilization of staff, and excessive
repair costs for high-risk devices. By reallocating resources, investing in preventive strategies, and adopting technology,
CEDs can achieve 20-30% cost savings and improve equipment uptime to >95%. Therefore, for optimization the model
recommends:

1. Staff Reallocation: Shift underutilized engineers (eg, Engineer 2) to high-demand areas (eg, MRI/CT
maintenance).

2. Predictive Maintenance: Increase PPM compliance for critical devices to reduce repair workload (target 1:1 PPM/
repair ratio).

3. Hiring/Training: Recruit 2-3 specialists for MRI/CT systems and certify existing staff on IoT/Al-driven devices.

4. Technology Integration: Deploy CMMS tools to automate scheduling and prioritize high-risk equipment.

FTE Estimation Confidence and Sensitivity Analysis

The FTE need forecasted downstream at KASCH 15.1 FTE, estimated by 17181 hours of workload per year divided by
1132.8 productive hours per FTE per year. To test the robustness of such an estimate, a sensitivity analysis was
undertaken in which the productivity parameter was varied across a plausible range of operating efficiencies in
consideration of varying staffing availability as a result of annual leave, absence due to sickness and variation in the
degree of efficient working. If 1000 hours/FTE is used for the work rate, then 17.2 FTEs was required. Requiring
1200 hours per FTE in the denominator resulted in an estimated need for 14.3 FTE (Figure 2). This is significantly
different from the value represented by 15.8 FTEs, providing 95% CI [14.3—17.2] FTEs, which covers staffing shortage
in the realistic setting. These results illustrate the resilience and applicability of the model in other productivity
environments, and they also reinforce the meaningfulness of the model as a reliable decision-making instrument for
staffing clinical engineering departments.

Qualitative Analyst

Respondents and Their Experience

The survey results indicate a diverse representation among respondents, biomedical engineers (48%), clinical engineering
managers (24%), clinical engineers (14%), biomedical engineering technicians (5%), technicians (5%), and others (3%).
Notably, a wide range of experience levels was observed, with the largest group (48%) reporting 6—10 years in their
current roles, suggesting a moderately experienced workforce (Figure 2).

251

I5if

10

Number of Respondents

6-10 years 0-5 years 11-15 years 21+ years 16-20 years
Years of Experience

Figure 2 Survey results for years of experience of Clinical Engineering staff in NGHA.
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Figure 3 Survey results for a number of medical devices managed by Clinical Engineering Departments in NGHA.

Infrastructure and Technological Dynamics

In terms of institutional context, 72% of respondents work in general hospitals, while the remaining 28% are employed in
specialized settings. Hospital size also varied considerably, with the largest subset of respondents (29) operating in
facilities with more than 500 beds. The findings further reveal that a substantial number of respondents (36) manage
portfolios exceeding 5000 medical devices; however, only a small proportion (11-30%) of these devices are classified as
highly complex (Figure 3).

Additionally, the dynamic nature of clinical technology is underscored by the fact that new equipment is introduced
on a monthly basis, and advancements in medical technology are perceived as significantly increasing the need for
specialized clinical engineering expertise. Table 12 shows the most significant challenges that the department faces in
maintaining appropriate staffing levels.

Departmental Responsibilities

Departmental responsibilities predominantly include equipment calibration, procurement, disposal, regulatory compli-
ance, as well as corrective and preventive maintenance. A notable 21 respondents indicated that their department
consistently provides direct clinical support during procedures, while 35 respondents reported that equipment main-
tenance is performed Daily (Figure 4).

Table 12 Frequency of Staffing Challenges in CEDs

Frequency Respondents | Percentage
Weekly 10/58 17.2%
Monthly 31/58 53.4%
Quarterly 10/58 17.2%
Annually 6/58 10.3%
Less than once a year 1/58 1.7%
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Figure 4 Survey results for frequency of equipment maintenance performed by Clinical Engineering Departments staff in NGHA.

Regulatory and Technological Impact

Significance of Compliance in Staffing: Average rating: 4.2/5 (1 = low, 5 = critical). Impact of Technology on Specialized
Staffing Needs: Average rating: 4.0/5 (eg, Al-driven devices, robotics). Compliance with regulatory requirements and
tech advancements emerged as a critical determinant for staffing levels, reflecting the emphasis on maintaining high-
quality standards.

Interconnected Staffing Challenges
The analysis reveals overlapping responses, indicating that multiple staffing challenges simultaneously affect CEDs.
Specifically, budget constraints and regulatory pressures were each cited by nearly 40% of respondents, reflecting their
critical and intersecting roles. Additionally, challenges related to increasing device complexity (34%) and high staff
turnover (31%) were frequently identified, suggesting a multifaceted staffing environment that necessitates comprehen-
sive, integrated approaches to resource management and strategic planning as given in Table 13.

Many departments have experienced cuts or restrictions in the past five years, which have adversely impacted staffing
levels. Currently, most teams employ between one and five biomedical engineers, although there is considerable
variability in the average number of devices each engineer is responsible for. The operational demands are further

Table 13 Main Factors Affecting Staffing in CEDs

Challenge Number of Respondents | Percentage
Budget constraints 23/58 40%
Lack of qualified candidates 12/58 21%
High turnover 18/58 31%
Increasing complexity of devices 20/58 34%
Regulatory pressure 23/58 40%
Other (eg, slow recruitment) 3/58 5%
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Figure 5 Survey results for provision of on-call or after-hours coverage in Clinical Engineering Departments in NGHA.

intensified by the need for 24/7 maintenance coverage; most departments operate for 9 hours per day and provide on-call
or after-hours support, with staff occasionally required to be on-call for emergencies (Figure 5).
In terms of workload distribution, the following has notes:

1. 24/7 Coverage Needs: 78% of large hospitals (>500 beds) require round-the-clock support.
2. Tasks Performed: Preventive maintenance (100%), corrective maintenance (90%), clinical support during sur-
geries (65%).

The Future Clinical Engineering Workforce: Challenges and Opportunities
Looking forward in Table 14, nearly 80% of CEDs anticipate staffing growth, with most respondents expecting
a moderate increase in the number of biomedical engineers in their departments within the next five years.

Moreover, additional factors such as the need for specialized skills, the complexity of equipment, and overarching
hospital strategic goals are anticipated to play an increasingly pivotal role in shaping staffing models.

Device Complexity & Workload Drivers

One of the key insights from the survey is the significant impact of technological advancements on staffing needs. As
hospitals continue to adopt advanced medical devices, such as Al-driven systems and robotics, the demand for

Table 14 Expected Staffing Changes in CEDs Over Five Years

Expected Change in 5 Years | Respondents | Percentage
Increase slightly 34/58 58.6%
Increase significantly 12/58 20.7%
Stay the same 11/58 19.0%
Decrease slightly 1/58 1.7%

Journal of Healthcare Leadership 2025:17 hetps: 409



Al-Abdulkarim et al

Table 15 Proportion of Highly
Complex Devices in Hospitals

Range | Respondents | Percentage
0-10% 17/58 29.3%
11-30% 31/58 53.4%
31-50% 8/58 13.8%
>50% 2/58 3.4%

specialized clinical engineers is likely to grow. This highlights the importance of investing in training programs to upskill
existing staff and attract qualified personnel as given in Table 15.

Another critical finding is the role of regulatory compliance in shaping staffing decisions. With most respondents
rating regulatory compliance as a highly significant factor, CEDs must prioritize adherence to these standards. This may
require additional staffing resources, particularly in larger hospitals with extensive medical device inventories.

The findings from this survey underscore the multifaceted challenges faced by CEDs in maintaining appropriate
staffing levels and workload balance. The rapid pace of technological advancements, coupled with increasing regulatory
demands, has created a need for more specialized clinical engineers. However, budget constraints and the high workload
associated with managing large numbers of medical devices have made it difficult for CEDs to meet these demands.

Finally, the survey revealed that budget constraints remain a major obstacle for many CEDs. With over half of
respondents reporting budget cuts or restrictions in the last five years, it is evident that financial limitations are impacting
the ability of CEDs to maintain adequate staffing levels. This highlights the importance of healthcare institutions
advocating increased funding and exploring cost-effective solutions, such as outsourcing non-critical tasks or leveraging
automation. Qualitative data underscores the need for adaptive staffing models that address recruitment challenges,
leverage technology, and align with regulatory demands. By focusing on these areas, CEDs can optimize workloads,

reduce burnout, and enhance operational resilience.

Hybrid Staffing Model for CEDs

To implement the hybrid model, the following steps have been proposed:

Staffing Ratios and Allocation

Based on device complexity and workload data, the following staffing ratios and allocation (Table 16) can be written as:
Based on the previous analysis, group 2 and group 4 have shown the current gaps. Where group 2 manages 1653

devices with only 0.53 hours/device (vs benchmark of 1-2 hours/device for medium-risk equipment) and group 4 team

operates at 46% utilization (810/1760 hours), indicating understaffing.

Table 16 The Staffing Ratios and Allocation

Device Risk Level Staffing Ratio (Engineers/100 Devices) Example Allocation
High-Risk (MRI, Ventilators) 2-3 engineers 3 engineers for 10 MRI machines
Medium-Risk (CT, Anesthesia Units) 1-2 engineers 2 engineers for |5 anesthesia units
Low-Risk (Scales, Monitors) 0.5—1 engineer | engineer for 200 Seca scales
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Table 17 Hybrid Staffing Structure

Role Responsibilities Workforce % Use Case

In-House Engineers Preventive maintenance, compliance, repairs 70% Routine PM for monitors, scales
OEM/Vendor Partners Specialized repairs, software updates 20% MRI, robotic surgery systems
Data Analysts Predictive analytics, loT monitoring 10% Prioritize high-risk equipment alerts

Hybrid Staffing Structure

To implement the hybrid staffing, we suggest the following structure show in Table 17. Based on this structure, a 500-bed
hospital with 5000 devices might employ, 15 in-house engineers (70%), 4 OEM specialists (20%), and 2 data
analysis (10%).

Workload Optimization Strategies
To enhance the workload, we the analysis suggest the strategies

Predictive Maintenance Integration

1. Tools: Deploy IoT sensors + CMMS (eg, Fiix, IBM Maximo).
2. Impact: Reduce repair hours by 25% (McKinsey estimates).
3. For Group 2, 1653 devices, this saves 220 hours/year.

Dynamic Scheduling
This strategy suggests utilizing the shift allocation as depicted in Table 18.

Cross-Training Programs

1. Train 30% of staff on 2+ device types (eg, ventilators + imaging systems).
2. Outcome: Reduce dependency on external vendors by 15%.

Financial Justification
Table 19 shows financial justification based on metric, current state, target, and annual savings. The proposed analysis
prof that the total projected savings are about $250k/year for a mid-sized hospital.

Table 18 Shift Allocation

Shift Staff Allocation Focus

Day Shift 60% Preventive maintenance, training
Night Shift 30% Emergency repairs, critical equipment
On-Call 10% High-priority alerts (eg, ICU)

Table 19 Financial Justification

Metric Current State Target Annual Savings
Equipment Downtime 12% (industry average) <8% $120k (for 500-bed hospital)
MTTR for Critical Devices 6.2 hours <4 hours $80k (reduced labor)
Preventive/Repair Ratio 1:2 I:1 $50k (fewer repairs)

Journal of Healthcare Leadership 2025:17 https: 411



Al-Abdulkarim et al

Table 20 Key Performance Indicators (KPIs)

KPI Baseline | Target

Equipment Uptime 88% >95%

Mean Time to Repair (MTTR) | 6.2 hours | <4 hours

Preventive/Repair Ratio 1:2 I:1

Staff Utilization Rate 46% 70-85%

Table 21 Risks and Mitigation

Risk Mitigation

Budget constraints Demonstrate ROI via reduced downtime costs.
Resistance to technology adoption Provide hands-on training + incentives.
High turnover Offer certifications, competitive salaries.

Implementation Roadmap
1. Pilot Phase (Months 1-3):
i. Deploy IoT sensors in radiology/ICU.

ii. Train 20% of staff on predictive tools.

iii. Partner with 1-2 OEMs for MRI/ventilator support.
2. Scale-Up (Months 4-12):

i. Expand IoT/CMMS to all departments.

ii. Hire 2 data analysts and certify 30% of engineers.
3. Long-Term (Years 1-3):

i. Establish university partnerships for talent pipelines.

ii. Achieve 95% equipment uptime and <4-hour MTTR.

Key Performance Indicators (KPls)
To monitor and enhance the performance, the following KPIs have been proposed based on the baseline and target
(Table 20).

Risks and Mitigation
The study also analyses the risks and the methods of mitigation as shown in Table 21.

Discussion

The results of this study reveal critical gaps and opportunities for optimizing staffing and workload balance in CEDs. By
integrating quantitative workload projections, utilizing metrics, and qualitative survey data, three key themes emerge.
This includes staffing deficits and workload imbalances, technology-driven demands outpace resources, and compliance
and efficiency trade-offs. The adjusted FTE calculation (15.1 vs the current 14 FTE) confirms a 7.8% staffing shortage at
KASCH, which aligns with the challenges identified in the survey. The overall team utilization rate of 137.4% explains
the widespread risk of burnout (mentioned by 31% of respondents). Underutilized engineers (such as Engineer 3 at
20.8%) also highlight inefficient task allocation, corroborating qualitative reports of an “uneven workload distribution.”
The result is to address immediate gaps through targeted staffing (1-2 FTE) for high-complexity equipment (eg, MRI/
CT) and dynamic staff redeployment to balance utilization (eg, transferring Engineer 2’s low-risk equipment to
Engineer 3).
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The data highlights the growing stress faced by 70% of hardware engineering departments introducing new equip-
ment monthly/weekly, yet 40% reported budget constraints that limit staffing. Highly complex devices (such as an MRI
machine with an average of 42.1 repair hours/device/year) require specialized skills that current teams lack (according to
21% of survey respondents). The result begins with prioritizing, such as upskilling programs for Al/loT-enabled devices,
and hybrid staffing models (such as OEM partnerships for specialized technologies). While regulatory pressure scored
4.2/5 in significance, the ratio of scheduled maintenance to recurring maintenance (1:2) reveals the dominance of reactive
maintenance. This aligns with 34% of respondents citing equipment complexity as a barrier to scheduled maintenance
compliance. Forty percent also reported budget cuts disproportionately impacting training/prevention efforts. The result
is leveraging technology to reconcile compliance and efficiency. Predictive maintenance tools (such as IoT sensors) are
shifting away from reactive repairs, as are automated computerized maintenance management system (CMMS) work-
flows to reduce documentation burdens (mentioned in open-ended responses).

The proposed hybrid framework addresses these challenges through risk-based staffing: allocating 2-3 full-time
employees for every 10 high-risk devices (such as an MRI machine) versus 0.5 full-time employees for low-risk devices.
Productivity criteria, using 1132.8 annual productive hours/full-time employee, were also used to justify assignments.
Qualitative integration was also used, incorporating employee feedback on training needs (for example, 48% of engineers
have 6-10 years of experience but lack training in Al/robotics). The expected results of this hybrid model are a 25%
reduction in repair costs, a 20% improvement in employee utilization, and over 95% uptime for critical equipment. By
aligning qualitative needs (employee retention, training) with quantitative metrics (project management efficiency),
centralized maintenance teams can achieve sustainable, high-performance operations. This staffing model also balances
cost efficiency, compliance, and technological flexibility by prioritizing high-risk equipment. Leveraging loT/data
analytics for proactive maintenance, it also builds a hybrid workforce to fill skill gaps.

In regarding staff experience level, the survey does not break down staff according to experience level (for example
junior staff versus senior staff), however, comments in the qualitative part of the survey suggest that level of skill greatly
impacts the time it takes to perform tasks, especially when it comes to high complexity equipment. For example, it has
been documented that MRI and CT examinations are completed 20-30% faster for senior technologists who possess an
OEM certification or have had a specialized training experience. To adjust for this variability, future model releases could
use a workload weighted FTE adjustment factor having fewer tasks for more experienced workers as well as signal the
training requirements for less experienced workers. Such adaptation may increase realism of workload and allow for
targeted training interventions.

The users in CED have the same kind of work burden as listed above (in addition to higher unscheduled downtime,
longer mean time to repair and high cost of 3rd party service contracts) due to the shortage of staff people. For example,
a 10% increase in equipment downtime can cause medium sized hospitals to waste over $120,000 annually on cancelled
procedures, rentals and service level penalties. That risky equipment — the likes of MRIs and ventilators that demand to
be back up and running yesterday — adds to this financial risk. Overstaffed workers with no workload claim, on the other
hand, mean non-optimal use of the workforce, increased costs and no added value. The hybrid job-shop model developed
in this paper aims to optimize the staff mix to maintain cost and performance, keeping asset uptimes as maximized as
possible, and minimizing the waste in the labor asset. This method can support these and other organizational decision-
makers in the allocation of resources, and the anticipation of ROI on hiring, outsourcing, and through purchases like
CMMS and Internet connected device technology. The model was developed and validated in NGHA hospitals, however,
due to its modular input structure it is possible to adapt it to different hospital environments, including hospitals with
technology type (ie, high vs low, but not otherwise specified), budget constraints, and staffing policies.

Institutions may also feed their own asset list, maintenance history, device complexity, and productivity estimate into
the model. There are even hospitals that can draw on weak pre-existing data infrastructure and use partial CMMS data
and qualitative estimates to generate initial workload forecasts. The model is particularly useful for the low-resource, in-
transition, health systems to help them reduce reliance on outside services and gradually build internal capacity. With
little modification, the method can be used in both the public and the private and in primary- and secondary- and tertiary
care. Our model highlights significant economic implications of staffing levels. Understaffing leads to increased
equipment downtime, causing substantial financial losses from service interruptions and costly external contracts.
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Conversely, overstaffing results in inefficiencies and unnecessary labor costs. Optimizing staffing, as shown in our
financial justification, yields projected annual savings of approximately $250,000 for a mid-sized hospital by reducing
downtime, improving Mean Time to Repair (MTTR), and enhancing the Preventive Maintenance to Repair ratio.
Furthermore, while validated within NGHA hospitals, this metrics-driven model is highly adaptable to non-NGHA
institutions with different device profiles or budgets. Its core methodology, combining workload forecasting, productivity
metrics, and benchmarking, allows customization of parameters to suit specific operational contexts and financial
realities, reinforcing its broader applicability across diverse healthcare environments.

Limitations of this work include data accuracy, which may vary across device manufacturers (not fully captured),
implementation barriers, which may delay budget cycles for FTE employee approvals despite the model’s recommenda-
tions, and emerging technologies, such as Al-based diagnostics, which may further disrupt staffing needs (it is
recommended to recalibrate the model every two years). In order to maintain, its timeliness in the face of changes in
historical healthcare technology and staffing dynamics, the hybrid model should be recalibrated every 2 years. The
interim update still lets the model predict variation due to device complexity, maintenance philosophy, age of equipment,
and staffing level. Times for recalibration may be increased in busy settings, that is, in times of major hospital growth or
in which new technology is adopted on a broad scale. Although established within the NGHA system in Saudi Arabia,
the model’s framework (data-driven, workload-driven, and flexibility in terms of model parameters) can be easily adapted
to another care delivery system, and the world—differences in the profiles of medical devices, regulatory environment,
and economic restraints notwithstanding. It offers BME/HTM leaders a scalable, situation-appropriate resource for
staffing optimally, cost effectively, compliantly and with optimal quality at the right time and right place.

Conclusion

This work provided a hybrid metrics-based model to address the staff workload balance and human resource optimization
in Clinical Engineering Department (CED) at NGHA hospitals. Combining quantitative information gathered from
a maintenance management system with qualitative input received from the clinical engineers, the model gives a full
picture for how to tailor the staffing in line with practical demands in the clinical environment.

At King Abdullah Specialized Children’s Hospital (KASCH), the model showed estimated 17 FTEs demanded, with
an existing 14 FTEs, indicating a 7.8% gap. This mismatch, along with a lack of gradient of workload — with a high
number of low maintenance requirements from major equipment such as MRI and ventilators — emphasises requirement
for greater strategic workforce planning. The model also concluded that significant cost savings can be achieved by
reallocating efforts and implementing predictive maintenance, such as a 25% repair cost reduction, over 95% equipment
up-time and better utilization of staff.

Beyond NGHA, it is intended for moderate customization and extended to other healthcare bodies. High-resource and
low-resource settings alike may make changes to model inputs (device inventory, complexity classification, productivity
assumptions) to their specific context. The flexibility is an added option for an effective decision support tool for optimal
clinical engineering staffing worldwide.

In order for the model to remain relevant, it should be recalibrated at least every two years or more frequently if there are
significant changes in technology, staffing levels and/or service volumes. The achievement of sustained impact will hinge on
accurate data capturing, regular staff coaching and institutional commitment to plan based on data. Finally, the strategy enables
health care systems to enhance biomedical engineering activity, lower costs, and better the safety and quality of care.
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