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Abstract

Purpose — This study explores how effective maintenance strategies enhance healthcare staff performance.
It evaluates their influence on the work environment and operational efficiency, examines the benefits of
Computerised Maintenance Management Systems (CMMS), artificial intelligence (AI), the Internet of
Things (IoT) and blockchain and highlights the role of leadership in adopting these innovations.
Real-world examples illustrate their success in boosting workforce productivity and overall healthcare
efficiency.

Design/methodology/approach — An online survey was conducted among 102 healthcare professionals in
Greece, including doctors, nurses, administrative staff and technicians. The study applies ANOVA, Pearson
correlation and comparative analysis to examine maintenance management and staff performance, supported by
a literature review on maintenance benefits, leadership and the utilisation of emerging technologies. Findings are
contextualised through cross-role and unit-level comparisons.

Findings — Results underscore the importance of a well-maintained work environment in boosting staff
satisfaction and performance. Factors such as lighting, air quality and infrastructure were linked to reduced
stress and improved job satisfaction. The study emphasises the benefits of emerging technologies in
improving efficiency and identifies gaps in training and adaptation to modern requirements. Leadership
plays a pivotal role, with findings indicating the need for better communication and prompt issue
resolution.

Research limitations/implications — While offering valuable insights, this study has several limitations.
Convenience sampling via hospital websites and social media may introduce selection bias, as digitally active
respondents could differ from others, limiting generalisability. A small sample size (n = 102) further restricts
representativeness across the healthcare workforce. Self-reported data may also skew results due to recall and
social desirability biases. To strengthen reliability, future research should incorporate objective data sources and
qualitative methods like interviews. Additionally, the SMART-Maintenance Framework, though promising,
remains conceptual. Validation through pilot and longitudinal studies is essential to determine its long-term
impact on healthcare maintenance and staff well-being.

Practical implications — This research offers the following actionable and easily adoptable practical
solutions: (a) The SMART-Maintenance Framework (SMF): a structured framework for integrating
technology and management best practices, helping healthcare organisations optimise maintenance
operations and ultimately improve patient care; (b) Strategic guidelines for adopting the SMF effectively;
(c) Technology-driven solutions about emerging technologies’ integration: implementing CMMS, Al, IoT
and blockchain, healthcare administrators can streamline maintenance processes, minimise equipment
downtime and improve overall working conditions and (d) Key recommendations for healthcare staff and
administrators.

Originality/value — This research provides actionable recommendations, addressing key challenges and
leveraging technological solutions to create a more efficient workplace. It also introduces the SMART-
Maintenance Framework (SMF), an innovative model integrating digital tools and management insights to
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1. Introduction

In the dynamic landscape of healthcare, effective maintenance management is pivotal to the
smooth operation of health units. It ensures the reliability of medical equipment, maintains a
safe working environment, and supports high-quality patient care. As healthcare services
evolve to meet rising demands, the need for robust maintenance strategies becomes even more
essential.

This study examines the critical role of effective maintenance management in optimising
healthcare staff performance assessing its impact on the working environment and staff
performance, exploring the benefits of Computerised Maintenance Management Systems
(CMMS), Artificial Intelligence (AI), Internet of Things (IoT), and Blockchain Technology,
and evaluating the role of leadership in maintenance management.

Recent studies highlight the importance of maintenance management in healthcare
settings. For example, Krijgsheld et al. (2022) emphasise its role in job performance, while
Pomaranik and Kludacz-Alessandri (2024) discuss its impact on employee outcomes in the
public healthcare sector. Together, these studies underscore the need for a well-maintained
work environment to enhance healthcare staff performance.

Greek health units face unique challenges, including economic constraints and rapid
technological change, which lead to outdated infrastructure and insufficient training,
ultimately affecting staff performance and workplace conditions. Understanding current
practices and their effect on staff is crucial for improving healthcare delivery.

International case studies further illustrate the value of advanced maintenance
technologies. At Riddle Memorial Hospital (USA), CMMS reduced service calls and
boosted staff efficiency. At the Health and Hospital Corporation in Indiana (USA), a
centralised CMMS improved compliance and resource allocation. At the Area 25 Health
Centre in Lilongwe (Malawi), Al-enabled fetal monitoring reduced neonatal deaths and
provided staff with real-time insights. These examples show how technology enhances
performance, safety, and operational effectiveness.

Comparisons between healthcare units using advanced maintenance systems and those
relying on reactive strategies reveal stark differences. Units adopting CMMS and Al-driven
maintenance report higher staff satisfaction, fewer technical failures, and lower incident rates,
underscoring the necessity of adopting these technologies across all health units. In contrast,
facilities relying on reactive maintenance strategies often experience prolonged downtimes
and operational inefficiencies, further impacting staff performance and patient care quality
(Open Medscience, 2025).

Maintenance management also intersects with patient safety and operational efficiency.
Integrating these domains provides a comprehensive understanding of how maintenance
influences performance, ensuring not only reliable equipment but also a safer and more
efficient healthcare environment (Yousefli et al., 2017).

To tackle the complexity of maintenance management in healthcare, this study introduces
the SMART-Maintenance Framework (SMF), an integrated approach that combines digital
tools (CMMS, Al, IoT, and Blockchain) with leadership practices to enhance maintenance
processes and staff performance. Unlike broad models such as Total Productive Maintenance
(TPM) or ISO 41001, which offer generic guidance for facility or manufacturing
environments, the authors tailored SMF specifically for healthcare settings, addressing
operational stressors and the unique needs of healthcare personnel.
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JHOM The SMF is conceptually grounded in key organisational behaviour and facility
39,9 management theories. Socio-Technical Systems Theory supports the integration of digital
tools with human-centred leadership to optimise outcomes in complex healthcare settings.
Organisational Support Theory further explains how managerial responsiveness and
communication practices influence employee satisfaction and performance. Additionally,
the framework aligns with the Resource-Based View by positioning well-maintained
infrastructure and trained personnel as strategic assets.

The SMF follows a logic model structure, where five core domains (environmental
conditions, equipment reliability, training readiness, technology adoption, and leadership
effectiveness) serve as inputs. These drive activities such as digital tool integration, Key
Performance Indicators (KPI) tracking, and communication improvement, leading to outputs
like reduced stress and improved coordination. The final outcomes include enhanced staff
satisfaction, performance, and ultimately, patient safety. This theoretical and operational
alignment strengthens the SMF’s utility and prepares it for empirical validation through pilot
or longitudinal studies in future research.

This study addresses the following research questions:

400

RQI1. What is the impact of effective maintenance management on the work environment
and staff performance in health units?

RQ2. What are the benefits of using CMMS and other emerging technologies like AI, 10T,
and Blockchain?

RQ3. What role do leadership and responsibilities play in the effectiveness of
maintenance management?

The research aims to fill gaps in the literature by providing insights into the maintenance
management practices in health units and their impact on healthcare staff performance.
The findings could influence policy and management strategies, leading to improved
maintenance protocols, enhanced working environments, and better overall healthcare
outcomes. By implementing advanced technological solutions and the proposed SMF,
healthcare organisations can move towards a more efficient, technology-driven approach to
facility management, ultimately benefiting both staff and patients.

2. Literature review

The performance of healthcare staff is vital to the effectiveness and efficiency of healthcare
organisations. Effective maintenance management fosters a supportive work environment,
influencing staff performance. This literature review explores existing research on
maintenance management, working environments, and healthcare staff performance,
highlighting their interconnections.

2.1 Advantages of effective maintenance management
Effective maintenance management improves medical facility efficiency by optimising space,
ensuring equipment reliability, and maintaining safety and cleanliness. Prioritising patient
care, healthcare facilities must meet safety and hygiene standards. Automated metering
provides real-time alerts on electricity use, enabling timely interventions and energy savings.
Preventive maintenance of emergency lighting ensures functionality during crises (Fatima
et al., 2018). Effective maintenance reduces downtime, boosts patient satisfaction, minimises
disruptions, and ensures seamless healthcare delivery (Yousefli et al., 2017). Shohet and Lavy
(2004) underscore the need for structured maintenance departments to ensure reliability and
efficiency. Specialised teams are essential for addressing healthcare-specific challenges.
Beyond operational efficiency, effective maintenance yields cost savings. Preventing
negligence-related incidents avoids legal liabilities. Proper strategies extend equipment
lifespan, reduce breakdowns, and lower repair costs (Kelvin-Agwu et al., 2024). Dhillon
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(2002) supports proactive maintenance for cost savings. Kaplan and Porter (2011) link Journal of Health

efficient maintenance to reduced operational costs and better resource use. Organization and
Global benchmarks, such as those set by the World Health Organization (2015), emphasise Management

preventive maintenance, staff safety, and system reliability as foundational principles,

reinforcing the need for structured frameworks like SMF in both developed and resource-

constrained healthcare systems.
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2.2 Leadership and responsibilities in maintenance management

Facility management coordinates activities for efficient operation, including building design,
space planning, energy, safety, and maintenance (Cotts et al., 2009). Maintenance management
focuses on equipment and infrastructure upkeep (Pappa and Kapiki, 2022), including
preventive and corrective maintenance, repairs, and reliability (Wireman, 2005). Facility
managers oversee design, maintenance, and safety, requiring rigorous training. Improving
equipment reliability involves collaboration with suppliers and service providers (American
Hospital Association, 2022). They also manage equipment procurement and renovations
(Shohet and Lavy, 2004). Yousefli et al. (2017) highlight the importance of training and external
collaboration in enhancing maintenance practices.

2.3 Healthcare stdff performance

Staff performance includes task, contextual, adaptive, and counterproductive behaviours
(Griffin et al., 2017; Borman and Motowidlo, 1997). Task performance covers core job duties,
while contextual performance supports the organisational environment. Adaptive
performance is key in dynamic healthcare settings, whereas counterproductive behaviour
harms the organisation. Buljac-Samardzic et al. (2020) and Krijgsheld et al. (2022) emphasise
team-based approaches, training, and supportive environments to improve performance.

The relationship between maintenance management and staff performance in healthcare can
be conceptually framed as a sequential pathway: Maintenance Management — Work
Environment — Staff Stress and Satisfaction — Staff Performance. Effective maintenance
practices shape the physical and organisational work environment, which in turn influences the
psychological well-being and satisfaction of healthcare staff. These factors directly impact overall
staff performance. This conceptual pathway is supported by key theoretical foundations: Socio-
Technical Systems Theory, which highlights the need to jointly optimise technical systems and
human interactions; Organizational Support Theory, which links management responsiveness to
employee outcomes; and the Resource-Based View, which considers trained personnel and well-
maintained infrastructure as strategic assets contributing to organisational success.

Burnout remains a critical consequence of unmanaged work-related stress, particularly in
healthcare environments. Maslach and Leiter (2016) identify key drivers of burnout, including
lack of control, insufficient recognition, and poor leadership. These elements are closely tied to
the domains addressed by the SMF, such as leadership responsiveness, environmental
stressors, and workload management.

2.4 Advanced maintenance management technologies
This section highlights how CMMS, Al, 10T, and Blockchain collectively contribute to more
proactive, transparent, and staff-supportive maintenance environments in healthcare.
Sustainable healthcare equipment is essential, as frequent failures can severely impact
patients and disrupt operations. The COVID-19 pandemic underscored the importance of
reliability and proactive strategies. CMMS is among the most widely used tools in this area,
scheduling, tracking, and documenting tasks to enhance reliability and reduce downtime. It
also supports predictive analytics, data-driven decision-making, and long-term asset planning
(Tsang, 1995; Mobley, 2002).
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JHOM In hospital settings, maintenance is often fragmented, poorly documented, and hindered by
39,9 information overload. Technologies such as CMMS, EDMS, EMS, and BAS improve
documentation and efficiency (Alhurayess and Darwish, 2012; Wong et al., 2005), but their
isolated use can create silos. Integrating these systems enables cost savings, faster
communication, and improved safety. Becerik-Gerber et al. (2011) emphasise the need for
seamless information flow from planning to operations, while BIM-based coordination has
shown positive results in facility change management (Sebastian, 2011).

Beyond CMMS, emerging technologies like AI, IoT, and Blockchain are reshaping
healthcare maintenance ecosystems. Al enables predictive analytics and resource optimisation
(Duigou, 2023; Kaur, 2024), 10T facilitates real-time condition monitoring (Shamayleh et al.,
2020; Innovent.io, 2023), and Blockchain enhances the security and transparency of records
(Kasyapa and Vanmathi, 2024; HyScaler, 2025). It also fosters collaboration among
stakeholders, promoting trust and shared data access (Laturkar and Khaiyum, 2023).

Strategically integrating these technologies addresses fragmentation and improves
operational efficiency. IoT monitors equipment continuously, Al anticipates failures, and
Blockchain ensures traceability (Mehta, 2025). Together, they form the digital foundation of
the SMF, enabling data-informed decisions and supporting staff through reduced stress and
improved system reliability.

To strengthen digital tool implementation, the SMF aligns with the Unified Theory of
Acceptance and Use of Technology (UTAUT) proposed by Venkatesh et al. (2003), which
highlights performance expectancy, effort expectancy, and social influence as key factors
affecting adoption. These elements are implicitly addressed in the SMF’s emphasis on
training, leadership, and ease of digital integration.
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2.5 Interconnections and impact

Adopting advanced maintenance management practices and leveraging emerging
technologies enhance operational efficiency, patient safety, and staff satisfaction. These
improvements ultimately lead to better healthcare outcomes. Effective maintenance ensures
medical equipment and facilities remain in optimal condition, directly influencing the work
environment. A well-maintained setting reduces stress, increases job satisfaction, enhances
healthcare staff performance, and promotes safety and efficiency (Krijgsheld et al., 2022;
Pomaranik and Kludacz-Alessandri, 2024). Mahfoud et al. (2018) highlight the importance of
continuous training and technological advancements in fostering a productive workplace.

The integration of CMMS and emerging technologies has transformed maintenance
activities, enabling real-time monitoring, predictive maintenance, and efficient work order
management. Al-driven predictive maintenance minimises equipment downtime (Kaur,
2024), IoT facilitates continuous monitoring and proactive interventions (Shamayleh et al.,
2020), and Blockchain enhances data security and interoperability (Kasyapa and Vanmathi,
2024). Comparative studies indicate that healthcare units utilising advanced maintenance
systems report higher staff satisfaction and lower incident rates, reinforcing the necessity of
widespread adoption (Hamed et al., 2025).

The proposed SMART-Maintenance Framework also aligns with the principles of the
Quadruple Aim in healthcare, which seeks to improve the patient experience, enhance
population health, reduce healthcare costs, and support healthcare staff well-being. By
improving the working environment and reducing maintenance-related stress through
effective and technology-supported practices, the framework contributes not only to internal
efficiency but also to broader healthcare system goals.

3. Methodology
To explore the research questions and evaluate the proposed framework, the study employed a
mixed-methods research design.
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3.1 Research design Journal of Health

This study adopts a quantitative research design to evaluate the impact of advanced Organization and

maintenance management practices on the working environment and performance of Management

healthcare staff in Greek health units. The cross-sectional survey approach allows for the

collection and analysis of data at a single point in time, providing a snapshot of the current state

of maintenance management and its effects on staff performance. Additionally, the study

integrates real-world examples to illustrate the practical benefits of advanced maintenance

technologies such as CMMS, Al, IoT, and Blockchain. 403
The authors selected survey items and thematic areas based on three theoretical

frameworks: Socio-Technical Systems Theory informed the inclusion of items relating to

digital tools and staff-technology interactions; Organizational Support Theory shaped

questions on leadership responsiveness and communication; and the Resource-Based View

justified the focus on staff training and well-maintained infrastructure as strategic assets.

Although this study remains exploratory, these theories provided conceptual grounding in the

design and analysis.

3.2 Participants

The sample consists of 102 healthcare professionals from various public and private health
units across Greece. Participants include doctors, nurses, administrative staff, and technicians.
The respondents are predominantly female, and their ages range from under 25 to over
56 years, with the largest group being those aged 46-55 years.

3.3 Sampling method

The authors used a convenience sampling technique, distributing invitations through hospital
websites, professional networks, and online healthcare groups. The goal was to achieve a
diverse representation of healthcare staff across different roles and employment types,
including permanent and non-permanent positions. This approach may introduce limitations
regarding the generalisability of the findings, as convenience sampling does not ensure a
representative sample. Moreover, the use of self-reported questionnaires may result in
response bias, including social desirability effects.

3.4 Data collection

The authors collected data using an online questionnaire developed in Google Forms. They
adapted the questionnaire from the “Homogeneous Employee Subjective Assessment
Questionnaire” by ELINYAE (Hellenic Institute for Occupational Health and Safety),
incorporating additional questions relevant to advanced maintenance management and
working environment conditions. The questionnaire consisted of five sections with a total of
57 questions, covering:

(1) Demographic Data: Gender, age, marital status, level of education, job roles, type of
employment, and years of service.

(2) Working Environment: Building structures, environmental conditions, use of
computers and medical equipment, and training received.

(3) Maintenance Management: Adaptability to technological advancements, role of
management, and efficiency of maintenance practices.

(4) Stress Factors: Sources of work-related stress, including equipment failures, outdated
technology, and workplace design.

(5) Technological Integration: Use of computerised maintenance systems, Al, IoT,
Blockchain, and preferences for technological upgrades.
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JHOM Subsequently, the authors conducted a pilot test of the questionnaire with 12 healthcare

39,9 professionals, including two doctors, three nurses, two administrators, two laboratory staff,
and three maintenance personnel. Based on their feedback, minor adjustments were made to
clarify terminology and improve the structure of items related to emerging technologies. This
ensured relevance and comprehension in the Greek healthcare context.

404 3.5 Data analysis

The authors analysed responses using SPSS (Statistical Package for the Social Sciences).
Descriptive statistics (frequencies, percentages, and visual summaries) were used to identify
patterns in maintenance practices, working conditions, and their effects on employee
performance and satisfaction.

Internal consistency was confirmed with Cronbach’s Alpha (o« = 0.88) for items related to
maintenance management and interdepartmental coordination, indicating excellent reliability.
Construct validity was supported through Exploratory Factor Analysis (EFA), with the Scree
Plot suggesting a single-factor solution.

To assess relationships among key variables, the authors applied ANOVA, identifying
significant group differences based on job roles and workplace perceptions. While the analysis
remained exploratory, future research could include regression or mediation models to
strengthen causal inferences.

The authors also conducted a Pearson correlation analysis to explore how variables such as
equipment reliability, leadership, training, and stress interact. The results, presented in
Appendix A (Table A2), offer additional insight into the strength and direction of these
associations.

Finally, a comparative analysis across healthcare units highlighted key differences in
maintenance efficiency, environmental conditions, technology integration, and leadership
practices.

While the analysis relied on self-reported data, future research could strengthen validity by
triangulating survey results with maintenance logs, incident reports, or digital system records.

3.6 Ethical considerations

Participation in the study was voluntary, and informed consent was obtained from all
respondents. Confidentiality and anonymity were maintained throughout the study, ensuring
that individual responses could not be traced back to participants. Approval for this study was
granted by the appropriate Institutional Board and permission was received from ELINYAE
for the use of their questionnaire.

4. Findings and discussion
Building on the methodology described above, the following section presents the study’s key
findings.

4.1 Demographic data

The survey sample includes 102 respondents, predominantly women. The largest age group is
46-55 years, followed by 36-45 years, with smaller percentages in other age groups. Most
participants work in public health units, with a smaller share in private clinics and other
facilities such as health centres. The sample primarily consists of nursing and midwifery staff,
followed by medical, administrative, laboratory, and other healthcare personnel. Most
respondents hold permanent positions, while a smaller portion are in non-permanent roles. The
largest group has 11-20 years of service, followed by those with 21-30 years, fewer than
10 years, and more than 31 years.

See Figure 1 for a visual summary of the findings.
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Demographic Data: Work Setting, Age Group,
Employment Type, Years of Service

WORK SETTING AGE GROUP EMPLOYMENT TYPE YEARS OF SERVICE
Public Units 46-55 Permanent Staff 11-20
Privat 6-45 Non-permanent 21-30
Other 26-35 <10
56+ >3
<25

Figure 1. Demographic data of respondents. Source: Authors’ own work
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JHOM 4.2 Impact of work environment and maintenance management on employee performance
39,9 in healthcare units
4.2.1 Satisfaction and challenges in the workplace environment. The study reveals a mixed
picture of workplace satisfaction. Nearly half of respondents are content with their
department’s building structure, and most rate lighting and ventilation positively. However,
many report physical obstacles and risks such as falling materials. While noise levels are
mostly deemed normal, a notable portion considers them high. Environmental satisfaction
varies, with generally positive feedback on winter temperatures, and summer humidity.

Identifying environmental factors that influence employee performance helps guide
improvements. These include (a) vibrations, temperature, ventilation, humidity, (b) lighting,
(c) noise, and (d) physical infrastructure.

The authors conducted an ANOVA analysis to examine how workplace and organisational
factors affect staff performance. The results indicate:
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(1) Air quality and timely issue resolution significantly influence staff perceptions of
maintenance delays.

(2) Management responsiveness is critical to overall maintenance effectiveness.

These findings underscore the importance of a well-maintained environment and prompt
maintenance in improving staff satisfaction and performance in healthcare settings.

4.2.2 Causes of stress. Staff report several stressors linked to poor maintenance
management and communication. Major factors include failures in technological
equipment, outdated tools, and inadequate workplace design. Additional stress arises
from the lack of modern equipment and insufficient communication between maintenance
teams and staff. When asked whether they would recommend their workplace to others,
only a small portion responded positively, with most being partially positive and a minority
negative.

4.2.3 Equipment handling. A significant portion of respondents use computers and operate
medical equipment at work. However, fewer than half have received appropriate training.
Maintenance delays are a common burden, highlighting the need for improved planning and
support.

Figure 2 presents an infographic summarising these findings.

4.3 Leveraging advanced technologies for effective maintenance management in
healthcare facilities
4.3.1 The need for technological advancement in healthcare maintenance. Healthcare
employees recognise the need for technological upgrades and environmental sustainability.
Most respondents support the replacement of outdated equipment and improvements in
building energy efficiency. However, many note a lack of action in these areas. A significant
portion question maintenance management’s ability to meet modern requirements, and fewer
than half report receiving organised training on new technologies.

4.3.2 Transforming maintenance management with CMMS and emerging technologies.
The integration of advanced technologies is essential for effective maintenance in healthcare
units. Survey results indicate:

(1) Widespread use of computerised scheduling, though manual recording remains
common.

(2) Partial satisfaction with manual systems for organisation and tracking.
(3) Strong preference for computerised/advanced systems, viewed as more efficient.

These findings suggest that technological tools can enhance daily operations and long-term
maintenance of infrastructure and medical equipment.
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Impact of Work Environment & Maintenance Management
on Employee Performance in Healthcare Units

1. Satisfaction with Working Ellvi[llllmelll conditions

2. Ainalysis of Variance (ANOVA) on the Impact of Environmental and Organizational Factors on
Maintenance Delays and Employee Burden

Independent Variable F- p- Conclusion
Statistic | Value
Is the air quality satisfactory? 382 0.025 | Significant effect
Are scheduled maintenance checks 1.54 0.219 | No significant effect
conducted?
Does management ensure that issues are 5.08 0.008 | Significant effect
resolved immediately?
SATISFACTION AND CHALLENGES IN
WORKPLACE ENVIRONMENT

70.00%
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50.00%
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0.00%
Environment  Lighting  Noise Level AirQuality  Building

3. Causes of Stress Related to Maintenance Management

4 Stress Factor Percentage (%) \
Failures and interruptions in technological equipment 62.7
(e.g.. computers. medical devices. etc.)
Outdated technological equipment (e.g., medical 52.0
tools and hines, computer progr: etc.)
Poor workplace design, such as poor office layout, 51.0

space constraints, noise, lighting, ventilation,
temperature. etc.

Lack of modern technological equipment and tools, 47.1

such as information systems. medical devices. etc.

Lack of ication t i 392
\uanagement and staff )

4. Equipment Handling and Maintenance A

£

Figure 2. Impact of work environment and maintenance management on employee performance in healthcare
units. Source: Authors’ own work
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To statistically validate perceived maintenance burden across roles, the authors conducted
an ANOVA. Results showed a significant difference (F = 2.88, p = 0.027, n* = 0.106), with
doctors reporting higher burden than nurses (mean: 2.86 vs. 2.54; p = 0.0046).

Additional analysis explored how workplace and system factors influence maintenance
perceptions. Findings revealed:

(1) Rapid management response significantly reduces perceived delays.

(2) Computerised systems lower staff burden but have limited impact on perceptions of
overall organisation.

(3) The strongest predictor of perceived maintenance effectiveness is whether
administration resolves issues promptly (F = 3.93, p = 0.023).

In summary, advanced systems reduce burden, while leadership responsiveness remains
critical to improving perceptions of maintenance organisation.

See Figure 3 for a visual summary of these findings.

4.3.3 International applications of advanced maintenance technologies. Globally, the
integration of advanced technologies such as CMMS, Al IoT, and Blockchain into healthcare
maintenance management has led to measurable improvements in staff performance and
operational efficiency. The following real-world examples illustrate successful
implementation:

(1) Hospital “Le Scotte” Siena, Italy: Introduced IoT, robotics, and Al to enhance safety,
productivity, and quality. The initiative improved maintenance workflows, reduced
equipment downtime, and increased staff efficiency (Luschi et al., 2024).

(2) Sheba Medical Centre, Israel: Integrated AT and IoT for predictive maintenance and
real-time equipment monitoring, reducing downtime and improving staff productivity.

(3) Mayo Clinic, USA: Applied AI and robotics to streamline maintenance workflows
and ensure equipment reliability, resulting in fewer failures and improved patient care.

(4) Singapore General Hospital, Singapore: Deployed IoT sensors and Al algorithms to
optimise maintenance, reduce downtime, and enhance staff efficiency.

4.4 The role of management in the efficiency and reliability of maintenance
Survey responses highlight several areas where management significantly influences
maintenance outcomes:

(1) Scheduled maintenance: While some respondents report regular checks, many
experience irregular or absent scheduling, indicating a need for better planning.

(2) Problem resolution: Many believe that identified problems are not corrected promptly,
with some stating that management does not ensure immediate correction of issues
during audits.

(3) Safety vs. cost: Half of the participants believe safety is only partially prioritised over
cost.

(4) Confidence in administration: There is partial confidence in administration’s ability to
handle maintenance effectively and manage safety issues.

(5) Communication: Despite some concerns, most acknowledge relatively effective
communication between maintenance and other departments.

(6) Training seminars: Many express a desire for more training on equipment, which is
currently lacking.
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Leveraging Advanced Technologies for Effective Maintenance
Management in Healthcare Facilities

1. Adaptation to Modern Requirements

N for Technol

Equipment Up

Organized Training
on New
Technologies
48.0%

Lack of Efforts to Upgrade Questioning Maintenance
Building Energy Efficiency -~ || Management's Adaptability

~ 60.8%

P forC i /A
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3. Analysis of Variance (ANOVA) on the Factors Influencing Employees' Perception of Maintenance

Organization & Monitoring
Independent Variable F- p- Conclusion
Statistic | Value
Is the air quality satisfactory? 2.64 0.076 | Marginally
insignificant

Are scheduled maintenance checks 1.19 0.309 | No significant
conducted? effect
Does management ensure that issues are 3.93 0.023 | Significant effect
resolved immediately?
How is the maintenance schedule recorded 0.83 0.439 | No significant
(Manual/Computerized)? effect

Figure 3. Leveraging advanced technologies for effective maintenance management in healthcare facilities.

Source: Authors’ own work
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JHOM The impact of ineffective maintenance is substantial, with many participants reporting that
39,9 delays burden their daily work.
Below are two examples that further illustrate how leadership affects the efficiency and
reliability of hospital operations, in Greece:

(1) Greek National Health System (NHS): A study on public hospital efficiency found

that effective management and strategic planning (particularly team coordination and

410 professional standards) significantly improve operational performance (Mitropoulos
etal., 2013).

(2) Greek NHS Hospitals: Research on hospital managers’ involvement in operational
planning revealed that strategic planning and leadership are critical for achieving
financial and operational objectives. Factors such as service evaluation and staff
engagement were found to have the highest impact on hospital efficiency (Letsios
etal., 2022).

4.5 Comparative insights and innovative contributions
To contextualise the main findings, this section presents a comparative analysis with relevant
studies, highlighting the unique contributions of the current research.

4.5.1 Environmental conditions and staff performance. The research uniquely identifies
specific environmental challenges, such as high winter humidity and elevated noise levels,
which are particularly relevant to Greek health units. This detailed identification of
environmental factors provides actionable insights for targeted improvements in the
working environment. In contrast, Ntshebe et al. (2022) found that a safe and functional
workspace positively influences staff performance in South Africa but did not elaborate on
specific environmental stressors. The current study’s granular detail (e.g. falling objects,
spatial congestion) provides a more operationally useful perspective for targeted
interventions.

4.5.2 Equipment failures as a primary stressor. Technological equipment failures and
outdated devices emerge as major stressors among healthcare staff. While Ntshebe et al.
(2022) linked poor maintenance to stress and reduced performance, the present study goes
further by identifying equipment unreliability as a measurable source of stress. This emphasis
on the emotional and operational impact of outdated technology is less visible in prior studies
and points to the need for more frequent equipment updates and standardised maintenance
protocols.

4.5.3 Training gaps and maintenance delays. Fewer than half of respondents report
receiving proper training on maintenance systems. The lack of training is statistically linked to
maintenance delays and reduced operational efficiency. While Beniacoub et al. (2021)
emphasised the importance of training in CMMS implementation, the current study provides
quantitative evidence of how undertraining disrupts healthcare operations. This level of
quantification is often missing from related studies and highlights a novel, evidence-based
argument for investing in targeted training programs.

4.5.4 Technological readiness and organisational culture. Staff responses reveal a strong
readiness to embrace advanced maintenance technologies such as CMMS, Al, IoT, and
Blockchain. While many studies (e.g. ResearchGate.net) advocate for these tools, few provide
empirical insights into staff attitudes toward adoption. The current findings suggest a positive
organisational culture toward innovation, which healthcare leaders can leverage to support
digital transformation and sustained implementation of advanced systems in Greek healthcare
settings.

4.5.5 Leadership gaps and staff trust. Survey data point to specific leadership weaknesses,
particularly in timely issue resolution and trust-building communication. Staff perceptions
quantitatively support these gaps, revealing a broader lack of administration responsiveness.
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While previous research (e.g. Emerald.com) highlights the general importance of leadership, Journal of Health
this study offers operational detail on what is lacking. These insights form a practical roadmap  Organization and
for improving administration effectiveness, accelerating issue resolution, and supporting staff Management
morale.

Comparative analysis confirms a shared understanding of the positive impact that effective
maintenance management and digital adoption have on staff performance and healthcare
efficiency. While this study focuses on the Greek healthcare context, findings from other
studies reinforce the broader applicability of advanced maintenance practices across diverse
systems.

Although the statistical analysis was primarily exploratory and comparative, emerging
patterns offer valuable theoretical insights. The alignment of environmental conditions,
equipment reliability, training access, and managerial responsiveness with staff stress and
satisfaction supports the SMART-Maintenance Framework’s core structure. These results also
affirm key assumptions from Socio-Technical Systems Theory, and Organizational Support
Theory, which links perceived managerial support to morale and performance. This theoretical
alignment strengthens the framework’s academic contribution and lays the groundwork for
future empirical validation.

411

4.6 Summary of findings mapped to SMF

The findings map directly to the five domains of the SMART-Maintenance Framework (SMF).
Environmental stressors such as excessive noise and humidity align with the SMF’s
environmental tracker. Equipment-related issues, including outdated or malfunctioning
technology, significantly contribute to staff stress and dissatisfaction. Limited training access
hinders timely issue resolution, confirming the importance of structured upskilling. Strong
staff support for digital systems like CMMS, AI, and IoT indicates high technological
readiness. Finally, delays in problem resolution and low trust in administration highlight
persistent leadership and communication challenges.

Together, these insights affirm the SMF’s value in healthcare. They also reinforce the
theoretical foundations of the framework: Socio-Technical Systems Theory supports its
integration of environmental and technological factors, and Organizational Support Theory
aligns with SMF’s emphasis on leadership and responsiveness, illustrating how trust and
satisfaction are shaped by managerial action and underpin sustained staff engagement.

5. Practical implications and strategic guidelines
Based on the study’s findings, the authors propose an innovative framework that integrates
technology and management insights to improve healthcare maintenance.

5.1 The SMART-Maintenance Framework (SMF)
The SMF integrates key research findings with a simple digital tool (dashboard) to enhance
maintenance processes in healthcare settings. It stands out because it:

(1) Combines management insights with a user-friendly digital tool, requiring no
complex programming or advanced analytics.

(2) Responds directly to identified gaps, including staff stress, outdated equipment,
training needs, and managerial challenges.

(3) Adapts to different healthcare units (e.g. public vs. private hospitals, varying
department needs).

(4) Integrates easily with existing hospital maintenance systems.

The following approach outlines how hospitals can implement the SMF effectively.
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JHOM 5.2 Framework template for data collection

39,9 To make SMF effective, hospitals need to track maintenance-related issues, training,
technology adoption, and leadership efficiency. Below is a data collection framework that
hospitals can use in Google Sheets, Excel, or a simple digital tool (see Table 1).

(1) Implementation Tip: Start with manual tracking (Excel, Google Sheets) and gradually
integrate the tool into hospital IT systems.

412 The proposed SMF offers a structured guide for integrating technology and management best

practices, helping healthcare organisations optimise maintenance operations and improve
patient care.

Strategic guidelines for hospital administrators on adopting SMF are detailed in Appendix
B, outlining step-by-step the key actions for piloting, evaluating, and scaling the framework.
Appendix B also includes an actionable implementation guide and a visual overview of how
SMF components interact to support decision-making and continuous improvement.

5.3 Practical tech solutions and recommendations
Building on the study’s findings, the following solutions offer healthcare personnel and
administrators clear, actionable strategies to enhance maintenance management and patient safety:

Table 1. SMART-Maintenance Framework (SMF): data collection template
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Source(s): Authors’ own work
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(1) Technology-driven solutions: Implement CMMS, Al, IoT, and Blockchain to Journal of Health
streamline processes, minimise equipment downtime, and improve working Organization and
conditions. Management

(2) Key recommendations: The study outlines specific, easily adoptable actions for staff
and administrators (see Section 7 for detailed suggestions).

By implementing these research-based strategies, healthcare facilities can improve 413
maintenance management, boost staff satisfaction and productivity, and enhance patient
safety and healthcare quality.

In summary, the practical contributions of this research include: (a) the SMART-
Maintenance Framework (SMF), (b) strategic guidelines for adopting the SMF effectively, (c)
technology-driven solutions about emerging technologies’ integration, and (d) key
recommendations for staff and administrators.

Beyond operational benefits, the SMF can support broader societal goals, including cost
savings, improved resilience, and better patient outcomes. Potential barriers (such as funding
limitations, digital skill gaps, and data privacy concerns) can be addressed through phased
implementation, public-private partnerships, targeted micro-training, and secure platforms
aligned with healthcare data regulations.

Appendix C provides a set of practical tools to support implementation and broader
strategic alignment of the SMF. Table C1 summarises how SMF aligns with key theoretical
foundations. Table C2 presents benchmark-based estimates of its potential economic and
operational impact to assist managerial decision-making. For policy-level integration,
Table C3 outlines national governance recommendations, while Table C4 proposes societal
metrics—such as QALY's and patient safety indicators—for evaluating the long-term impact
of SMF in future research.

6. Conclusion

This study has highlighted several critical aspects of facility management in healthcare settings
and their impact on staff performance, the benefits of CMMS and other cutting-edge
technologies like Al, IoT and Blockchain, and the role of leadership. Here are the key
conclusions drawn from the results:

6.1 Impact of effective maintenance management on staff performance

Effective maintenance management significantly enhances staff performance by creating a
safer and more functional working environment. The study identified key environmental
challenges, such as high winter humidity and noise levels, which contribute to staff stress and
impact job satisfaction and productivity.

While satisfaction with building structures, lighting, and air quality is moderate, outdated
and failing equipment, poor workplace design, and a lack of communication between
maintenance management and staff exacerbate stress levels. The timely resolution of
maintenance issues and the reduction of technological equipment failures are crucial in
minimising stress and optimising performance.

These findings highlight the need for improved maintenance practices, faster responses to
issues, and better communication strategies. By addressing these challenges, healthcare
facilities can foster a more supportive and efficient working environment, ultimately
enhancing staff performance and job satisfaction.

6.2 Benefits of advanced maintenance management systems

The findings highlight the benefits of CMMS and emerging technologies in healthcare
maintenance. Despite widespread use of computerised scheduling, the continued reliance on
manual recording reflects an ongoing shift toward comprehensive digital integration.
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JHOM The overwhelming preference for advanced technologies suggests that staff recognise their
39,9 efficiency in streamlining maintenance operations, reducing staff burden, and minimising
errors associated with manual systems. These technologies enable proactive scheduling,
real-time monitoring, and predictive maintenance, ultimately reducing equipment downtime
and enhancing operational efficiency.

However, gaps remain in technological upgrades and structured training. The study
demonstrated a high level of acceptance and readiness among healthcare staff for adopting
these innovations, reflecting a positive organisational culture toward technological
advancement. To fully realise the benefits of these systems, structured training programs
are essential to ensure staff can effectively utilise them, leading to improved maintenance
efficiency and overall workplace effectiveness.

414

6.3 Role of leadership in maintenance management

Leadership plays a crucial role in ensuring efficient maintenance management. The study
reveals that inconsistent scheduling and delayed problem resolution reflect weaknesses in
supervisory practices. Although many managers prioritise safety over cost to some extent, they
still need to provide more training on equipment use and enforce stricter adherence to
maintenance schedules. Strategic planning, effective communication, and prompt issue
resolution consistently influence staff performance and patient safety. While many
respondents acknowledge interdepartmental communication, they also recognise the need
for further improvement. Promptly resolving maintenance issues emerged as the most
influential factor shaping employees’ perception of maintenance organisation. Strengthening
leadership through better training and a proactive approach to maintenance management can
significantly improve reliability and safety of healthcare facilities.

In conclusion, this research highlights the importance of effective maintenance
management, the adoption of advanced technologies, and strong leadership in enhancing
healthcare efficiency and optimising staff performance. Addressing the identified challenges
and leveraging modern maintenance management systems can help healthcare organisations
improve operational efficiency, patient safety, and staff well-being.

7. Recommendations

The following recommendations outline key actions for both staff and administrators, aiming
to improve maintenance practices, promote safety, and support technological advancements in
healthcare settings.

7.1 Recommendations for healthcare personnel

Report issues promptly: Staff members should consistently report any maintenance issues or
equipment failures to the maintenance department. Early reporting can help prevent small
problems from becoming major issues.

Participate in training programs: Whenever training programs are available, staff members
should actively participate to improve their skills in handling and maintaining equipment.
Staying updated with new technologies and procedures will enhance their efficiency.

Provide feedback: Staff should provide regular feedback on the working environment and
the effectiveness of the maintenance programs. Constructive feedback can guide
administrators in making necessary improvements.

Promote a safe work environment: Encourage a culture of safety by adhering to
maintenance protocols and safety guidelines. Staff members can lead by example and support
their colleagues in following best practices.

Communicate with administration: Maintain open lines of communication with
administration regarding maintenance concerns and suggestions for improvements.
Effective communication can help bridge gaps between staff and management.
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Utilise available resources: Make use of the resources and tools provided by the healthcare  Journal of Health
unit, such as maintenance request forms or digital reporting systems. Efficient use of these ~Organization and
resources can streamline maintenance processes. Management

7.2 Recommendations for healthcare unit administrators
Financial support: Ensure the maintenance department is adequately funded to handle
scheduled inspections and breakdowns promptly. 415

Technological upgrades: Invest in modernising older facilities and purchasing new
machinery to keep up with technological advancements.

Comprehensive maintenance systems: Adopt advanced maintenance management systems
to improve the organisation and monitoring of maintenance activities.

Environmental sustainability: Invest in energy upgrades and use sustainable energy sources
to reduce environmental risks and promote recycling practices.

Infrastructure enhancement: Improve building structures to meet staff needs.

Lighting improvement: Invest in better lighting solutions to enhance employee satisfaction.

Environmental factors management: Implement air purification and renewal systems to
reduce work-related stress.

By focusing on these recommendations, healthcare facilities can improve maintenance
management practices, enhance staff performance, and ensure a safer and more efficient
working environment.

8. Limitations of the study
Despite its valuable insights, this study has limitations that should be acknowledged to
contextualise the findings and guide future research:

The use of convenience sampling, with questionnaires distributed via hospital websites and
nursing social media groups, may introduce selection bias. Respondents who are more
digitally active may differ in their experiences or attitudes from those less engaged online. As a
result, the findings may not be generalisable beyond this specific sample or to healthcare
systems in other countries.

The relatively small sample size (n = 102) also limits representativeness across the broader
healthcare workforce. A larger, more diverse sample would strengthen external validity and
allow for deeper subgroup comparisons.

The exclusive use of self-reported data may introduce social desirability and recall bias,
limiting the depth and accuracy of staff experience insights. Future studies could enhance
reliability by triangulating survey results with objective data sources, such as maintenance logs
or incident reports, and incorporating qualitative methods like interviews or focus groups to
capture more nuanced perspectives.

Finally, while the proposed SMART-Maintenance Framework (SMF) offers practical
value, it remains conceptual. Future research should validate the SMF through pilot testing and
longitudinal studies to assess its long-term effects on maintenance operations, staff well-being,
and healthcare quality.

Supplementary material
The supplementary material for this article can be found online.
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