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Abstract

Introduction Sustainability in healthcare, particularly in medical imaging, is increasingly important as healthcare
operations contribute significantly to global emissions. Radiographers, as integral members of imaging departments,
play a vital role in implementing sustainable practices. This study examines radiographers’ perceptions, practices, and
barriers to sustainability across five countries: the United Arab Emirates, Saudi Arabia, Palestine, Sudan, and Ghana,
highlighting regional differences and factors influencing engagement.

Methods A cross-sectional survey was conducted among 441 radiographers using an online platform. The survey
included questions on demographic information, sustainability perceptions, practices, and barriers. Data were
analyzed using descriptive statistics and the Kruskal-Wallis H test to evaluate regional variations in sustainability
engagement.

Results Results revealed moderate sustainability knowledge among participants, with 45.1% (n=199) understanding
the concept and 46.7% (n=206) recognizing its benefits. Common practices included digital documentation (34.6%,
n=289) and daily energy reduction efforts (32.2%, n=142). However, advanced practices such as recycling residual
contrast media or adopting energy-efficient equipment were limited. Key barriers included lack of training (39.2%,
n=173), financial constraints (44.7%, n=197), and insufficient managerial support (39.2%, n=173). Regional variations
were evident, with Ghana showing the highest engagement across knowledge, attitudes, and practices, while Saudi
Arabia scored the lowest. Statistical analysis indicated significant differences in sustainability engagement by region
(p<0.05), with Ghana benefiting from targeted educational initiatives and international collaborations. In contrast,
resource limitations and insufficient institutional support hindered progress in other regions.

Conclusion The findings emphasize the need for tailored strategies to promote sustainability in radiography.
Recommendations include integrating sustainability into radiography curricula, providing targeted training,
enhancing leadership support, and adopting region-specific interventions. Addressing these challenges can
empower radiographers to contribute to environmentally sustainable healthcare systems.
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Introduction

Sustainability in healthcare, particularly in medical imag-
ing, has gained importance as clinical practices increas-
ingly affect the environment. Given the energy-intensive
nature of imaging equipment and the growing global
focus on environmentally friendly healthcare, radiogra-
phy provides a unique opportunity to integrate sustain-
able solutions. In radiography, sustainability efforts focus
on reducing energy consumption, minimizing waste, and
adopting eco-friendly practices, given the healthcare sec-
tor’s notable contribution to global emissions [1-3].

Studies indicate that while many radiographers under-
stand sustainability’s importance, their knowledge
often remains limited to waste management, with less
awareness of broader sustainable practices [4, 5]. Sev-
eral sustainable practices are emerging, such as using
energy-efficient equipment, reducing single-use items,
and enhancing waste management [6]. However, prac-
tices vary widely by region, with developed countries
often leading in integrating sustainability due to better
resources and institutional support. In low-resource set-
tings, radiographers face unique challenges, emphasizing
the need for context-specific strategies to advance sus-
tainability across diverse environments [5].

While radiographers generally express positive atti-
tudes toward sustainability, barriers such as limited
institutional support, lack of training, and resource con-
straints prevent widespread implementation. Further-
more, radiographers face personal barriers, as many work
in environments that do not actively promote or facilitate
sustainable practices [6]. This disconnect stresses the
need for more targeted training and resources to bridge
the gap between motivation and actionable practices [7].
Addressing these challenges requires a comprehensive
approach that includes institutional support, enhanced
training on sustainability frameworks, and policy adjust-
ments to encourage sustainable practices within radiog-
raphy practice.

Advancing sustainability in radiography requires strat-
egies that encompass education, policy support, collabo-
ration, and ongoing research. Integrating sustainability
into radiography curricula and enhancing institutional
support can empower radiographers to implement eco-
friendly practices. Additionally, fostering collaboration
among radiographers, healthcare leaders, and policymak-
ers can strengthen commitment to sustainable health-
care. As climate change and environmental degradation
challenge the healthcare sector, radiographers’ role in
promoting sustainability becomes increasingly critical for
a more resilient and sustainable future in healthcare.

Medical imaging significantly contributes to health-
care’s environmental footprint, with radiography play-
ing a key role in energy consumption, electronic waste,
and medical disposables. Studies estimate that diagnostic
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imaging accounts for a substantial proportion of hospi-
tal energy use, with magnetic resonance imaging and
computed tomography scanners consuming up to 10
times more energy than standard medical equipment.
Additionally, improper disposal of contrast agents and
imaging-related waste can have long-term ecological
consequences. Without proactive sustainability mea-
sures, the growing demand for medical imaging could
exacerbate environmental harm. Addressing these chal-
lenges through sustainable radiography practices is
essential to reducing the sector’s carbon footprint while
maintaining high-quality patient care [3, 8-12].

This study explores radiographers’ knowledge, atti-
tudes, and practices regarding sustainability, identifying
barriers and opportunities for improvement. It seeks to
investigate the role of institutional support, policy, and
personal demographics in shaping sustainability prac-
tices. Additionally, the research aims to identify innova-
tive approaches that radiographers employ to overcome
sustainability challenges in low-resource settings and
explore strategies to integrate sustainability principles
effectively within radiography practice.

Methods

This study examines radiographers’ perceptions, prac-
tices, and barriers to sustainability in five countries:
the UAE, Saudi Arabia, Palestine, Sudan, and Ghana. It
explores how institutional support, policy, and demo-
graphics influence sustainability, highlighting differences
between low-resource and well-resourced settings. The
study also investigates strategies radiographers use to
overcome challenges and integrate sustainable practices.
The study focused on the UAE, Saudi Arabia, Palestine,
Sudan, and Ghana to capture sustainability challenges
across diverse healthcare settings, ranging from well-
resourced to low-resource environments. This selection
enabled a comparative analysis of how institutional, eco-
nomic, and policy differences influence sustainability in
radiography. Additionally, these countries were chosen
based on the research team’s professional networks and
active involvement in these regions, ensuring effective
data collection and contextual relevance.

Study design and data collection

A cross-sectional design was chosen to capture diverse
perspectives across multiple regions and professional set-
tings. The survey was developed and distributed online
in a digital platform between August and October 2024
among radiographers working in five countries. All
responses were anonymous, and submissions were stored
in an encrypted form and access-controlled by the princi-
pal investigator.
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Study sample

The study targeted practising radiographers in five coun-
tries: the United Arab Emirates, Saudi Arabia, Palestine,
Sudan, and Ghana. To enhance the sample’s diversity, a
convenient sampling method was used to recruit par-
ticipants through professional networks, social media
groups, and collaborations with local radiography soci-
eties. Eligibility criteria included current employment
in radiography, voluntary participation, and proficiency
in English to complete the survey. Data collection aims
at a diverse representation of radiographers from vari-
ous healthcare settings (e.g., public hospitals, private
clinics, and educational institutions) across the selected
countries.

Survey design

The survey, guided by the WHO Sustainability Frame-
work, was developed from a comprehensive literature
review and adapted for cultural and practice differences
across participating countries. It comprised four sec-
tions: demographics, perceptions, sustainability prac-
tices, and barriers, using Likert-scale, multiple-choice,
and ranking questions to assess radiographers’ attitudes
and challenges. To ensure validity, experts in radiogra-
phy and sustainability reviewed the survey for clarity,

Table 1 Demographic and professional profile of radiographer
respondents

n (%)
Gender
Male 228 (51.7)
Female 213 (48.3)
Age group
0-30 245 (55.7)
31-40 140 (31.8)
41-50 45(10.2)
51+ 10 (2.3)
Years of experience
0-10 years 315(72.9)
11-20 years 97 (22.5)
21+ 20 (4.6)
Facility
Hospital 316 (71.5)
Clinic 82(18.5)
Educational Institution 31(7.0)
Research Institution 6(1.3)
Other 30 (6.8)
Modality working in
General Radiography 310(29.1)
cT 196 (18.4)
MRI 119(11.2)
Dental Radiography 81(7.6)
Ultrasonography 79(7.5)
Mammography 43 (4.1)
Other 16 (1.6)
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relevance, and comprehensiveness. Pilot testing with 25
radiographers refined wording and cultural suitability,
aligning with recommended pilot study sizes. Reliability
was assessed using Cronbach’s alpha (>0.7) for internal
consistency, and test-retest reliability was evaluated by
re-administering the survey to a subset after two weeks
to ensure response stability.

Statistical analysis

Data analysis was conducted using SPSS version 27.0,
with both descriptive and inferential statistical tests
applied to examine the study variables. Descriptive sta-
tistics (frequencies, means, and standard deviations)
summarised demographic characteristics, sustain-
ability perceptions, practices, and barriers. Sustain-
ability engagement scores for knowledge, attitudes,
practices, and barriers (KAPB) were computed by sum-
ming responses from Likert-scale items, creating com-
posite scores where higher values indicated stronger
engagement or greater barriers. The Kruskal-Wallis H
test was conducted to compare KAPB scores across the
five countries due to the non-normal distribution of the
data. Statistically significant differences were reported at
p<0.05.

Ethics approval

This study received approval from the Research Ethics
Committee at the University of Sharjah (REC-24-05-27-
01-F). Informed consent was obtained from all partici-
pants who engaged voluntarily and could withdraw. The
study adhered to the principles of the Declaration of
Helsinki and complied with applicable national ethical
guidelines.

Results

Demographic characteristics and professional background
of respondents

A total of 441 responses from radiographers across five
countries. The UAE represented the largest group (22.9%,
n=101), followed by Saudi Arabia (22.7%, n=100), Pal-
estine (21.8%, n=96), Ghana (18.6%, n=382), and Sudan
(14.1%, n=62). Males comprised the majority (51.7%,
n=228), and most respondents (55.7%, n=245) were 30
or younger. Most respondents had limited professional
experience (72.9%, n=315) reporting 0—10 years. 71.5%
(n=316) of respondents worked in hospitals, followed
by 18.5% (n=82) in clinics. Regarding imaging modali-
ties, general radiography was the most practised (29.1%,
n=310), followed by Computed Tomography (CT)
(18.4%, n=196), and Magnetic Resonance Imaging (MRI)
(11.2%, n=119) (see Table 1).
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Sustainability awareness, practices, and barriers among
radiographers

Responses revealed that 46.9% (1n=207) of participants
identified reducing the environmental impact of health-
care operations as the best description of sustainability,
while 33.6% (n=148) posterized enhancing patient com-
fort. Most (87.1%, n=384) identified waste management,
energy efficiency, and water conservation as key focus
areas. Sustainability was a primary clinical decision fac-
tor for 45.6% (n=201) and secondary to patient care for
32.7% (n=144). The main barrier reported was a lack of
awareness and training (25.1%, n=304). With familiarity

Table 2 Radiographers' perceptions and practices on
sustainability in healthcare

n (%)

Best describes sustainability in healthcare?

Reducing the environmental impact of healthcare 207 (46.9)
operations

Enhancing patient comfort regardless of environmental 148 (33.6)
cost

Increasing the financial profits of healthcare facilities 51(11.6)

None of the above 35(7.9
Key Areas of Focus in Sustainable Healthcare

Energy efficiency 29 (6.6)

Waste management 22 (5)

Water conservation 6 (1.4)

All of the above 384 (87.1)
How Sustainability is Prioritized in Clinical Decisions

It's a primary consideration 201 (45.6)

It's of some importance but secondary to patient care 144 (32.7)

| consider it when it's convenient 69 (15.6)

| do not consider it at all 27 (6.1)
Biggest Barrier to Implementing Sustainable Practices

Lack of awareness and training 304 (25.1)

Financial constraints 209 (17.4)

Insufficient Managerial support 188 (15.6)

Busy schedule and lack of time 150 (124)

Perceived impact on patient care 88 (7.4)
Waste Disposal Methods Familiarity

Recycling 208 (28.5)

Incineration 173 (23.8)

Chemical treatment 101 (13.9)

Composting 63 (8.6)
Frequency of Engaging in Energy Reduction Practices

Never 56 (12.7)

Rarely 135 (30.6)

Daily 142 (32.2)

Weekly 56 (12.7)

Monthly 52(11.8)
Sustainable Practices Incorporated into Daily Routine

Digital documentation to reduce paper use 289 (34.6)

Energy-efficient lighting 54(18.5)

Using reusable materials 34(16)

Water-saving fixtures 74 (8.9)
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with waste disposal methods, the highest was recycling
(28.5%, n=208), followed by incineration (23.8%, n=173).
Regarding energy reduction practices, 32.2% (n=142)
engaged daily, while 30.6% (n=135) rarely engaged.
Digital documentation to reduce paper use was the
most common sustainable practice (34.6%, n=289) (see
Table 2).

Sustainability engagement: knowledge, attitudes,
practices, and perceived barriers

The analysis of participants’ engagement with sustain-
ability encompassed four main areas: knowledge, atti-
tude, practice, and barriers, assessed on a 5-point Likert
scale from “Strongly Disagree” to “Strongly Agree”

Knowledge

Participants demonstrated moderate knowledge of sus-
tainability concepts, with 45.1% (1=199) agreeing that
they understand the concept and 46.7% (n=206) recog-
nizing the benefits of sustainable practices in healthcare.
42.9% (n=189) reported awareness of the environmental
impact of healthcare waste, and 44% (1 =194) agreed that
they understand energy conservation within healthcare.
However, only 34.5% (n=152) reported regularly updat-
ing their sustainability knowledge.

Attitude

Attitudinal responses indicated a positive outlook
towards sustainability, with 45.1% (n=199) affirming its
importance in healthcare and 41% (n=181) supporting
the integration of sustainability into professional train-
ing programs. Nearly half of the participants (48.8%,
n=215) were motivated to learn more about sustainable
practices, and 49.2% (n=217) believed that the health-
care sector has the potential to reduce its environmental
impact.

Practice

Regarding practical engagement, 39.2% (n=173) actively
worked to reduce waste, and nearly half (49.7%, n=219)
encouraged others to adopt sustainable practices. 39.7%
(n=175) reported adhering to disposal procedures, and
48.5% (n=214) of respondents stated that they make
suggestions for improving sustainability. Participation in
sustainability training was observed in 38.5% (n=170) of
participants.

Barriers

The major barriers to sustainable practices included a
lack of training (39.2%, n=173) and insufficient finan-
cial support, with 44.7% (n=197) agreeing that it posed a
challenge. Workload and staff shortages were also signifi-
cant, with 39.9% (n=176) indicating these as obstacles,
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and 39.2% (n=173) cited a lack of leadership commit-
ment to sustainability as a barrier (see Table 3).

Sustainability engagement scores across knowledge,
attitude, practice, and barriers
Scores for sustainability engagement across knowledge,
attitude, practice, and perceived barriers were evalu-
ated on a 5-point scale (1 = “Strongly Disagree” to 5
= “Strongly Agree”). In the knowledge category, 4.5%
(n=20) had the lowest score of 7, indicating minimal
understanding, while 3.2% (n=14) achieved the highest
score of 35, reflecting strong engagement.

For attitudes, 4.1% (n =18) recorded the lowest score of
7, suggesting weaker agreement with sustainable values,
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whereas 3.9% (n=17) achieved the highest score of 34,
indicating strong positive attitudes. In practice, 2.7%
(n=12) reported the lowest score of 14, reflecting limited
engagement in sustainable practices, while 1.6% (n=7)
scored the highest at 69, indicating extensive participa-
tion. For barriers, higher scores corresponded to greater
challenges in implementing sustainability. 4.1% (n=18)
scored the lowest of 5, while 2.0% (n=9) scored the high-
est of 25, indicating significant obstacles.

Figure 1 illustrates the mean ranks of sustainability
engagement across countries of employment based on
knowledge, attitude, practice, and perceived barriers.
A Kruskal-Wallis H test assessed statistically signifi-
cant differences among these categories across the five

Table 3 Levels of sustainability engagement in knowledge, attitudes, practices, and barriers among radiographers

Strongly Disagree Disagree Neutral  Agree Strongly Agree
n (%)
Knowledge
Understand sustainability concept (7.0) 16 (3.6) 127 (28.8) 199 (45.1) 68(15.4)
Aware of sustainability impact on patient care (5.9) 35(7.9) 143 (324) 186(42.2) 51(11.6)
Familiar with workplace sustainability policies (7.9) 50(11.3) 163 (37) 154 (349) 39(8.8)
Identify benefits of sustainable practices in healthcare 6.3) 21 (4.8 123 (27.9) 206 (46.7) 63(14.3)
Regularly update knowledge of sustainability (7.9) 73 (16.6) 138 (31.3) 152(34.5) 43(9.8)
Aware of the environmental impact of healthcare waste 6.3) 25(5.7) 107 (24.3) 189(429) 92(20.9)
Understand energy conservation in a healthcare setting (7.5) 34(7.7) 103 (234) 194 (44) 77 (17.5)
Attitude
Sustainability is important in healthcare (7.0) 16 (3.6) 127 (28.8) 199 (45.1) 68 (15.4)
Sustainability is essential for improving patient outcomes. 6.1) 16 (3.6) 87 (19.7) 200 (45.4) 111 (25.2)
Sustainability is prioritized in the workplace. (6.3) 73(16.6) 162 (36.7) 121 (274) 57(129)
Integrate sustainability into all health professional training programs. (5.2) 19 (4.3) 78 (17.7) 181 (41) 140 (31.7)
Motivated to learn more about Sustainability (5.2) 14 (3.2) 80 (18.1) 215(48.8) 109 (24.7)
Every health professional can promote sustainability. (5.2) 12(27) 71(16.1)  217(49.2) 118(26.8)
The healthcare sector can reduce its environmental impact. (5.7) 14 (3.2) 750117) 217 (49.2) 110(24.9)
Practice
Follow guidelines 18 (4.1) 117 (265) 152(34.5) 138(31.3) 16(3.6)
Reduce waste 26 (5.9) 419.3) 145(329) 173(39.2) 56(12.7)
Encourage others 35(7.9) 35(7.9) 96 (21.8) 219(49.7) 56(12.7)
Participate in training 41 (9.3) 59 (13.4) 129(29.3) 170(385) 42(9.5)
Use resources responsibly 36 (8.1) 65 (14.7) 165 (37.4) 137 (31.1) 38(8.6)
Consider the impact of decisions 27 (6.1) 36(8.2) 136(30.8) 190(43.1) 52(11.8)
Support energy initiatives 31 (7) 29 (6.6) 116 (26.3) 200 (45.4) 65 (14.7)
Make suggestions 30(6.8) 30 (6.8) 109 (24.7) 214 (485) 58(13.2)
Follow disposal procedures 32(7.3) 47(10.7)  140(31.7) 175(39.7) 47(10.6)
Engage in discussions 32(7.3) 61(13.8) 117 (26.5) 171 (38.8) 60(13.6)
Seek product alternatives 35(7.9) 74 (16.8) 171 (388) 115(26.1) 46(104)
Implement practices 28 (6.3) 56 (12.7) 176 (39.9) 133(30.2) 48(10.9)
Contribute to feedback 40(9.1) 61(13.8) 114 (259) 177(40.1) 49(11.1)
Evaluate effectiveness 41(9.3) 61(13.8) 165(374) 140(31.7) 34(7.7)
Barriers
Lack of training 22 (5) 52(11.8) 130 (29.5) 173(39.2) 64(14.5)
Financial support (54) 15(34) 96 (21.8) 197 (44.7) 109 (24.7)
Workload and staff shortages (5.2) 26 (5.9 101 (229) 176(39.9) 115(26.1)
Leadership commitment (5.2) 28 (6.3) 96 (21.8) 173 (39.2) 121(274)
Benefits communication 22 (5) 30 (6.8) 124 (28.1) 174(39.5) 91 (20.6)
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Category
Knowledge

—e— Attitude

—e— Practice

o— Barriers

Ghana Palestine

Saudi Arabia
Country

Sudan UAE

Fig. 1 Mean Ranks of Sustainability Engagement Across Countries: Figure 1 presents the mean ranks of knowledge, attitudes, practices, and perceived
barriers to sustainability among radiographers in the five study countries, based on the Kruskal-Wallis H test

countries. The Kruskal-Wallis H test indicated a signifi-
cant difference in knowledge scores between countries (H
(4)=31.413, p=0.000). Ghana had the highest mean rank
(266.73), suggesting that participants from this country
perceived themselves as having greater awareness and
knowledge of sustainability-related concepts. In contrast,
Saudi Arabia had the lowest mean rank (166.42), indi-
cating comparatively lower perceived awareness among
participants.

There was a significant difference in attitudes towards
sustainability among countries (H (4) =49.917, p=0.000).
The highest mean rank was found in Ghana (283.01),
reflecting a more positive attitude toward sustainabil-
ity. In contrast, Saudi Arabia recorded the lowest mean
rank (163.78). Similarly, the test revealed a significant
difference in sustainable practices among countries (H
(4) =46.530, p=0.000). Ghana again had the highest mean
rank (272.80), demonstrating more active engagement in
sustainable practices, while Saudi Arabia had the lowest
mean rank (160.20). No significant difference was found
in perceived barriers across the countries (H (4)=5.265,
p=0.261). The highest mean rank was recorded in Ghana
(243.40), suggesting a higher perception of barriers, while
the UAE had the lowest mean rank (205.32).

Discussion

The data illustrate a clear gap between radiographers’
positive attitudes toward sustainability and implementing
sustainable workplace practices. While 45.1% (n=199)
agreed on the importance of sustainability in health-
care and 48.8% (n=215) were motivated to learn more,
actual implementation remained limited, with only 39.2%
(n=173) actively working to reduce waste and 38.5%

(n=170) participating in sustainability training. While
radiographers are generally motivated and recognize
the importance of sustainability, institutional barriers,
such as resource constraints and lack of support from
leadership, limit their ability to translate this motivation
into action. Addressing these barriers through targeted
policies, increased training opportunities and enhanced
institutional commitment could help bridge the gap and
foster a more sustainable culture in radiography.

More papers and studies on sustainability in radiogra-
phy are available. The existing literature provides valu-
able insights into radiographers’ perceptions, practices,
and barriers to implementing sustainable practices
across diverse geographic and economic contexts. A
comparative table synthesizes findings from these stud-
ies, including those conducted in regions such as Europe,
Zimbabwe, Zambia, and multiple countries in Asia and
Africa, Table 4. While these studies collectively empha-
size the importance of sustainability in radiography,
they reveal significant differences in implementation
due to varying institutional support, resource availabil-
ity, and training opportunities. By examining the cur-
rent study alongside prior research, this comparison
underscores both the common challenges and unique
regional obstacles that radiographers face in adopting
sustainable practices, offering a foundation for targeted
recommendations.

1. Knowledge and awareness

The current study revealed a moderate understanding
of sustainability concepts among radiographers, with
45.1% recognizing its importance and 46.7% acknowl-
edging its benefits. These findings align with studies by
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Roletto et al. (2023) [14], who similarly reported strong
sustainability awareness but highlighted challenges in
translating this into practical action. A key observation
from the current study is that younger radiographers,
who constitute the majority of participants, demonstrate
moderate awareness but limited advanced knowledge of
sustainability practices. Roletto et al. (2023) suggested
that sustainability awareness increases with professional
experience, stressing the importance of embedding sus-
tainability education early in radiography education and
training. Ramlaul and Khine (2024) supported this, iden-
tifying gaps in curricula that fail to emphasize critical
thinking and ecological literacy [15].

Regional differences in sustainability awareness were
evident in the current study. Ghana’s higher knowledge
scores may reflect the influence of targeted educational
initiatives and international collaborations, as high-
lighted by Ohene-Botwe et al. (2024) [16]. In contrast,
Saudi Arabia’s lower scores underscore the challenges of
insufficient institutional emphasis and training, aligning
with Vasquez et al. (2024), who stressed the critical role
of leadership and policy frameworks in fostering aware-
ness [17].

The study also highlighted varying attitudes among
stakeholders, with 45.1% affirming the importance of
sustainability in healthcare but only 41% supporting its
integration into training programs. This discrepancy
may reflect resistance to change or a lack of clarity on
sustainability benefits, a trend also observed by Ghotra
et al. (2024) [5]. Chau (2024) emphasized the role of
leadership-driven awareness campaigns in addressing
these gaps and promoting a collective organizational
commitment to sustainability [13]. These findings collec-
tively indicate that while sustainability awareness among
radiographers is present, its depth and practical applica-
tion require further enhancement through education,
policy, and leadership.

2. Sustainability practices
The current study identified varied engagement in sus-
tainable practices, with digital documentation to reduce
paper use (34.6%) being the most common. This finding
is consistent with the works of Akudjedu et al. (2024) and
Chinene et al. (2024) [18, 19], who similarly reported an
emphasis on paper reduction. However, limited engage-
ment in advanced practices, such as energy-saving mea-
sures (32.2%), highlights an improvement area. This
contrasts with Roletto et al. (2024), which reported a
broader array of practices, including energy conservation
and waste recycling, likely enabled by greater resource
availability in European settings [14].

Previous studies highlighted progressive sustainability
practices, such as adopting lead-free aprons (77%) and
recycling residual contrast media, which surpass those
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reported in the current study. These findings emphasize
the crucial role of institutional support and infrastruc-
ture in facilitating diverse and impactful sustainability
efforts [10, 11, 20]. Additionally, strategies such as power
monitoring and renewable energy systems have been
proposed; however, their implementation remains chal-
lenging in low-resource settings, reflecting the infra-
structure limitations identified in this study.

Despite these challenges, targeted interventions can
still be effective in resource-limited settings. For example,
energy-saving protocols, such as shorter MRI sequences,
have proven beneficial, while optimizing radionuclide
use in nuclear medicine offers insights that could inform
sustainable practices in diagnostic radiography. However,
comprehensive frameworks like the 3Rs (Reduce, Reuse,
Recycle) and standardized sustainability guidelines,
which have been widely advocated, remain underuti-
lized in this study, highlighting missed opportunities for
enhancing sustainability efforts [4, 5,7, 9, 16, 21].

Vasquez et al. (2024) also identified remote diagnos-
tics as a promising tool for reducing emissions, notably
absent from the practices reported in the current study
[17]. This gap highlights the need to integrate technologi-
cal solutions into sustainability strategies better. While
basic practices are prevalent, advancing to more sophis-
ticated and scalable approaches requires enhanced insti-
tutional support, infrastructure investment, and tailored
strategies for resource-limited settings.

3. Barriers to sustainability

The current study identified key barriers to sustainability,
including lack of training (39.2%), financial constraints
(44.7%), and insufficient managerial support (39.2%).
These findings reflect global trends, underscoring the
systemic nature of these challenges across regions. A
recurring theme in the literature highlights the critical
role of institutional and resource limitations in obstruct-
ing sustainability efforts, particularly in low-resource
settings, where inadequate funding and support further
hinder progress [6, 11, 14].

Financial constraints, driven by the high costs of eco-
friendly technologies and outdated infrastructure, remain
a major challenge in resource-limited settings like Ghana
and Sudan. Operational barriers, such as reluctance to
power down equipment due to startup delays, further
hinder sustainability efforts, highlighting the need for
cost-effective, energy-efficient solutions. Leadership
resistance and the lack of cohesive policies also pose sig-
nificant challenges. Structured protocols and leadership-
driven initiatives are essential to overcoming systemic
inertia and fostering sustainable practices. Addressing
these barriers requires a coordinated approach involving
education, leadership engagement, and adaptable solu-
tions for diverse settings [7, 13].
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4. Unique insights and regional differences

Table 4 The table provides a comparative overview of
studies on sustainability in radiography, summarising
sample characteristics, perceptions, practices, barriers,
and unique insights. The current study provides novel
insights into gender differences and regional variations,
adding a new dimension to the sustainability discourse.
Male radiographers exhibited slightly higher engagement
levels. Understanding these variations could offer action-
able insights for tailoring sustainability initiatives to dif-
ferent demographics and regions.

The higher engagement levels observed in Ghana
underscore the importance of cultural and contextual
factors in driving sustainability efforts. Targeted initia-
tives such as international collaborations and the use
of second-hand equipment have facilitated sustainabil-
ity practices in Ghana, serving as a potential model for
other resource-limited settings. Policymaking is also a
critical driver of sustainability, particularly in fostering
investment in eco-friendly technologies and recycling
programs. The study also highlights the willingness of
radiographers to adopt sustainability measures despite
significant barriers. This intrinsic motivation, observed
in the current study, suggests an opportunity to foster a
stronger sustainability culture through targeted support
and training. Moreover, the underutilization of techno-
logical solutions, such as remote diagnostics, remains a
missed opportunity [14, 17]. By exploring these unique
insights, including gender dynamics, regional variations,
and the role of policy and technology, the current study
provides a comprehensive foundation for developing tar-
geted sustainability strategies that address the needs and
challenges of diverse economies and healthcare systems.

In conclusion, the comparative analysis reveals com-
mon challenges in institutional support, resource con-
straints, and the need for region-specific strategies.
While radiographers generally acknowledge the impor-
tance of sustainability, real-world implementation
remains limited by structural and operational barriers.
The current study contributes uniquely by highlight-
ing regional and demographic variations in engagement,
emphasizing the need for adaptable, context-sensitive
approaches to promote sustainable practices in radiogra-
phy. This discussion section can underline how address-
ing these multifaceted barriers through institutional
support, enhanced training, and regional collaboration
may foster sustainable practices.

Study limitations

The study’s convenience sampling may introduce selec-
tion bias and limit generalizability. Participants were
recruited from diverse healthcare settings across the
five countries to mitigate this. Self-reported data may
also introduce response bias, and the study’s focus on
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five countries may not fully capture broader sustainabil-
ity challenges. Future research should use probability
sampling, longitudinal data, and qualitative methods to
improve representativeness and deepen insights.

Recommendations for clinical practice and
education

To enhance sustainability in radiography, clinical settings
should integrate institutional policies that promote eco-
friendly practices, such as optimizing energy-efficient
imaging protocols and reducing medical waste. Lead-
ership engagement is crucial in fostering a culture of
sustainability. Sustainability should be embedded into
radiography curricula through structured training on
waste management, energy conservation, and sustain-
able imaging practices in education. Continuing profes-
sional development (CPD) programs should also include
sustainability education to bridge knowledge gaps among
practising radiographers.

Conclusion

This study highlights the gap between radiographers’
positive attitudes and implementing sustainable prac-
tices, emphasizing barriers such as lack of training, finan-
cial constraints, and limited institutional support. While
radiographers are motivated to adopt sustainability, prac-
tical challenges hinder widespread adoption. Addressing
these barriers through targeted education, leadership
commitment, and institutional policies is essential to
advancing sustainability in radiography. Radiographers
can play a key role in promoting environmentally respon-
sible healthcare practices by fostering greater awareness
and structural support.
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