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smooth lower-limb motion. The fusion of dry bio sig-
nals, Kalman-LSTM control, and back-drivable actu-
ation achieved high accuracy and minimal delay on
compact hardware. These results highlight a viable
path toward affordable assistive exoskeletons suitable
for rehabilitation and daily-living mobility support.
Continued research will focus on real-world gait trials
and energy optimization.
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HEALTHCARE 4.0 TECHNOLOGIES FOR PATIENT TRANSFER IN OPERATING THEATRES:
A SYSTEMATIC REVIEW
Winnie Mutenhabundo, Kudzanayi Chiteka, Rindai Mahoso, Munyaradzi Mupona
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Abstract. Safe patient transfer in operating theatres is vital yet often neglected, exposing healthcare workers to
musculoskeletal injuries and patients to avoidable risks. Healthcare 4.0 combining Artificial Intelligence (Al),
Internet of Medical Things (IoMT), robotics, and cloud computing offers solutions for safer and more efficient
workflows. This systematic review of 32 studies (2019-2023) found that Al predicts complications, robotics re-
duce caregiver strain by up to 40 %, IoMT supports continuous monitoring, and cloud platforms streamline opera-
tions. However, in low- and middle-income countries such as Zimbabwe, adoption is hindered by cost, infrastruc-

ture, and skills gaps, requiring phased, low-cost digital integration.
Keywords: Healthcare, Health 4.0, patient transfer, Al robotics.
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Introduction. Patient transfer in operating theatres
is a critical element of perioperative safety, yet it contin-
ues to rely heavily on manual handling methods. The
World Health Organization (2021) reports that nearly 40
% of nurses experience chronic back pain from patient
transfer activities, contributing to absenteeism and
reduced productivity. Traditional aids like slide sheets
and hoists partially mitigate physical strain but fail to en-
hance workflow efficiency or address real-time risk fac-
tors. Healthcare 4.0 technologies—Al, IoMT, robotics,
and cloud computing—are increasingly deployed to
bridge these gaps by enabling data-driven, automated,
and adaptive patient transfer systems. In high-income
settings, robotic-assisted transfer systems have reduced
nurse strain by up to 40 % (Kim et al., 2024), but LMICs
such as Zimbabwe face infrastructural and financial
limitations.

Background and Conceptual Framework.
Healthcare 4.0 represents the evolution from earlier
healthcare generations: digitisation (Healthcare 2.0)
and telemedicine (Healthcare 3.0) to fully integrated,
data-intelligent systems (Healthcare 4.0). Drawing
from Industry 4.0, it incorporates cyber-physical sys-
tems, IoMT, Al and cloud computing for seamless
connectivity, automation, and analytics (Li et al.,
2017; Mwanza et al., 2023). Al enhances predictive
monitoring, detecting early signs of patient distress or

mechanical malfunction, while robotics reduce the
need for physical lifting (Lin et al., 2021). [oMT net-
works integrate wearables and smart sensors to col-
lect continuous data, enabling cloud-based decision
support (Taylor et al., 2023). Together, these innova-
tions promote precision, safety, and efficiency in peri-
operative workflows.

However, in LMICs, widespread deployment
faces systemic barriers—limited broadband connectiv-
ity, unstable power supply, and cost constraints
(Muchiri, 2022). Context-appropriate approaches,
such as low-cost IoMT devices and semi-automated
transfer mechanisms fabricated from locally available
materials, have shown promise (Richarz et al., 2023).
These frugal innovations emphasize adaptability, af-
fordability, and scalability as foundational principles
for healthcare digital transformation in developing
contexts.

Methodology. This review followed PRISMA
guidelines (Moher et al., 2010). Databases searched
included Scopus, PubMed, Web of Science, IEEE
Xplore, and ScienceDirect for the years 2019-2023.
Keywords included “Healthcare 4.0”, “patient trans-
fer”, “Al”, “robotics”, “loMT”, and “cloud compu-
ting.” A total of 243 records were retrieved, 48 dupli-
cates removed, and 195 screened. Following full-text
review, 32 studies met inclusion criteria: peer-
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reviewed, English, and focused on perioperative
patient transfer using Healthcare 4.0 technologies.
Data were categorized thematically into benefits,
challenges, and contextual implications for LMICs.

Discussion. The synthesis demonstrates that
Healthcare 4.0 technologies transform perioperative
workflows through automation and predictive intelli-
gence. Al-based models analyse physiological data to
forecast transfer complications, while robotic systems
automate high-risk lifting and movement tasks, re-
ducing strain-related injuries. [oMT platforms inter-
connect monitoring systems to cloud analytics, allow-
ing proactive safety alerts and workflow
optimization. These integrated systems have im-
proved nurse well-being, reduced operational errors,
and increased patient safety in technologically ad-
vanced hospitals (Kim et al., 2024).

Nevertheless, high equipment costs, weak digital
infrastructure, and limited workforce digital literacy
impede implementation in LMICs. Ethical and regula-
tory issues—especially data privacy, algorithmic bias,
and accountability for Al-driven errors—remain unre-
solved (Moghaddasi et al., 2021). Furthermore, many
healthcare workers in resource-constrained settings ex-
press resistance to automation, fearing job displace-
ment and reduced human interaction with patients.

To overcome these barriers, phased and locally
driven adoption strategies are vital. Early-stage inte-
gration of IoMT and Al tools using mobile platforms
can deliver immediate safety gains without major
capital investment, (Al-Assaf et al., 2024). Medium-
term strategies can introduce semi-automated sys-
tems in tertiary hospitals, supported by national digi-
tal health frameworks. In the long term, fully
networked Al-robotic systems could synchronize
with  cloud-based national health databases,
enhancing resource planning, predictive
maintenance, and clinical coordination.

For Zimbabwe, a phased roadmap is proposed: (i)
short term (1-2 years) — deploy IoMT sensors and Al
monitoring in district hospitals; (ii) medium term (3—
5 years) — introduce robotic aids in tertiary hospitals
such as Parirenyatwa and Mpilo Central; and (iii)
long term (510 years) — integrate cloud-linked Al-
robotic systems nationwide. This strategy balances
feasibility, scalability, and alignment with existing
e-health initiatives.
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Conclusion and Recommendations. Healthcare
4.0 offers a viable pathway to safer and more efficient
patient transfer practices. While developed countries
have achieved measurable gains, LMICs require stra-
tegic, cost-sensitive adoption models. Zimbabwe and
similar nations should prioritize digital infrastructure,
training, and policy frameworks to enable gradual in-
tegration of AL, [oMT, and robotics. A strong public—
private partnership model can support funding and lo-
cal innovation, ensuring sustainability. Future studies
should investigate ethical frameworks, cost-effective-
ness analyses, and pilot-scale implementation to
guide large-scale Healthcare 4.0 transformation in
African hospitals.
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THE IMPERATIVE OF QUALITY ASSURANCE: ENHANCING ENGAGEMENT
AND RETENTION OF GENERATION Z IN ONLINE ENGINEERING EDUCATION
Musiiwa F., Nyaude P.
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Abstract This paper examines how Quality Assurance (QA) frameworks can be adapted to boost engagement and
retention among Generation Z learners in online Electronic Engineering courses. It emphasizes the unique expec-
tations of Gen Z interactivity, relevance, and technological integration and critiques traditional online delivery
methods. The study introduces a three-pillar, Gen Z-focused QA framework: Agile and Authentic Pedagogy,
a Technologically Rich Ecosystem, and Holistic Student Support Systems. By aligning instructional design, tech-
nology, and student support, this model enhances motivation, learning effectiveness, and persistence in challenging

engineering programs.
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