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(standalone or combined with radiotherapy) programmes in SSA, assessing how training prepares
graduates for clinical practice.

Methods: A quantitative online cross-sectional survey was distributed to SSA radiography educators,
recent graduates, and managers to examine preregistration radiography programme structures, work-
load allocation, and graduate competence.

Ié(;}(;‘i/‘g)grisl')hy Results: Analysis of 258 responses from 23 SSA countries showed variation in programme duration and
Education modalities. Curricula emphasised projection radiography and general ultrasound, with limited coverage
Competence of Computed Tomography (CT), Magnetic Resonance Imaging (MRI), nuclear medicine (NM), and
Sub-Saharan Africa radiotherapy (RT). Factor analysis revealed that core imaging expertise was the best predictor of
Preregistration graduate competence, with clinical placements being crucial for proficiency in cross-sectional imaging.
Curriculum Competencies in CT and ultrasound demonstrated moderate development at graduation, whereas skills

in MRI, NM, and radiotherapy were acquired on the job. Despite comprehensive training in generic
skills, both taught and clinical programme characteristics showed significant negative correlation with
industry expectations (r = —0.26, p < 0.01 and r = —0.27, p < 0.01, respectively).
Conclusion: Radiography education in SSA is varied and demonstrates limited graduate preparedness in
cross-sectional imaging, with a misalignment to employer expectations. A single-modality exit curric-
ulum model, embedded within a multi-modality threshold competency framework, could improve
graduate work-readiness. Better integration of clinical placements and partnerships between academia
and industry are essential.
Implications for practice: Educational institutions and policymakers in SSA must prioritise curriculum
reform that aligns with health system needs and training realities. This should involve implementing
targeted strategies to build a workforce capable of meeting evolving demands through enhanced
collaborative frameworks, industry-aligned modular curricula, and expanded clinical exposure to cross-
sectional imaging modalities.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of The College of Radiographers. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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rises, > making healthcare systems increasingly dependent on
clinical radiography.® In Africa, this trend is particularly
evident”® with health systems experiencing rapid growth in the
volume and variety of imaging procedures.” Although precise,
up-to-date healthcare education output and workforce data are
limited in many low-middle-income countries, evidence
consistently suggests that countries in SSA struggle to maintain
an adequately trained and appropriately sized radiography
workforce.”10-12

Preregistration education is the bedrock of radiographers’
development of clinical competence,’> > providing graduates
with technical knowledge and professional attributes.'® In Africa,
preregistration radiography programmes must prepare graduates
across multiple modalities, often with limited access to cross-
sectional imaging modalities and clinical supervision.””?° In this
study, we use the term competence to mean performing tasks
autonomously and responsibly, as defined by the European Qual-
ifications Framework?! and radiography to refer to both diagnostic
and therapeutic aspects of the profession unless categorically
stated.

Despite a 70 % increase in healthcare workforce education
output across Africa (2018-2022),%? the continent represents 10 %
of the global population, 25 % of the disease burden, and only 4 % of
the global healthcare workforce.”*>?* These disparities are evident
in radiography: Africa, with a combined population of approxi-
mately 1.2 billion people across 47 of its 54 countries,'’ has an
estimated 25,804 imaging professionals, compared to 271,200 in
the United States (US) (~population of 347 million),%> 19,851 in
Australia (population ~ 27 million)?® and 43,040 in the United
Kingdom (UK), (population ~69 million),>”*® highlighting signifi-
cant workforce shortages.

Radiography education in Africa faces ongoing challenges
affecting graduate competency levels, skills mix, and workforce
availability.!”18202932 |imited radiotherapy education®® and
cross-sectional imaging access,'” plus use of curricula beyond re-
view times,>* create misalignment with the workplace demands.*
This disconnect poses a significant barrier to developing work-
ready graduates who can confidently meet the clinical, techno-
logical, and professional expectations of modern healthcare
systems.

While numerous studies have explored radiography education
in regions such as Europe, the USA, and Australia, a notable lack of
multi-country research exists that addresses the broader African
context.'*3>0 [n most international studies, South Africa is the
sole African representative from the continent, thereby limiting
the generalisability of findings to the wider African region.>>*4?
National-level evaluations have been conducted in select coun-
tries,>>#>#4 providing valuable insights; however, these evalua-
tions remain limited in scope and do not capture the broader
continental landscape of training outcomes, educational models,
or graduate readiness.

This study, therefore, examines preregistration radiography
educational programmes across SSA, addressing a gap in the
literature regarding radiography training quality. It analyses pro-
gramme characteristics and alignment between educational con-
tent and graduate competencies. Through an evaluation of
graduate outcomes and stakeholder assessments, the study ex-
amines competency levels and identifies key factors contributing
to imaging modality competence. It assesses graduate prepared-
ness in professional attributes, such as communication, critical
thinking, and teamwork. By analysing correlations between
educational structures, clinical exposure, industry expectations,
and competency levels, this study provides insights for curriculum
development, policy formulation, and workforce readiness within
SSA and globally.
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Methods
Study design

This cross-sectional study was part of a broader mixed-
methods project that explored radiography education and its
impact on graduate knowledge, competence, and employability
across the SSA. Due to the lack of a comprehensive database,
convenience sampling was used to distribute the survey to par-
ticipants via online professional networks and social media
platforms.

Study population, inclusion and exclusion criteria

The study focused on educators, recent graduates, and radi-
ology service managers to gather their views on how preregis-
tration education impacts graduates’ competence and
employability. While participation was open across SSA, the
questionnaire was only available in English. However, English
speakers from countries where French or Portuguese are prevalent
could take part. Although clinical radiography services exist
throughout SSA, not all countries offer preregistration radiography
education. In some cases (e.g., Botswana), radiographers are usu-
ally trained abroad, often in neighbouring countries such as
Zambia or Zimbabwe.*> Educator responses, therefore, reflect only
those countries with established radiography training, while
recent graduates and managers had a wider representation from
all 23 responding countries. Additionally, the study focused on
diagnostic radiography programmes, either standalone or com-
bined with radiotherapy, as the unit of analysis. It examined pro-
gramme characteristics, graduate practice areas, and competency
levels in imaging disciplines typically included in such curricula in
SSA, such as projection radiography, medical ultrasound,
computed tomography, magnetic resonance imaging, nuclear
medicine, and radiotherapy. Standalone programmes in these
fields were excluded from the factor analysis.

Data collection

The questionnaire adapted a design from previous radiotherapy
education research across the European Union.*® The research
team developed programme characteristics and graduate compe-
tency statements based on prior literature reviews.'*** Four sub-
ject experts validated content and context: a medical education
and radiography specialist, a statistician, and two radiography
education professionals. The experts evaluated each item for
relevance and alignment with the study’s conceptual frame-
work.*48 Using the content validity ratio method,*’ items were
classified as “essential,” “not essential,” or “in need of modifica-
tion.” A pilot study with ten participants from Nigeria, Ghana,
Zambia, and Kenya assessed questionnaire clarity.”® Feedback
refined the questionnaire before deployment, enhancing face
validity for data capture in low and middle-income countries.

The questionnaire consisted of four sections aligned with the
study objectives: participant demographics, educational pro-
gramme characteristics, graduate competency ratings across im-
aging practice areas, and perceived effectiveness of licensure
examinations. Findings on licensure examinations were reported
separately. Fig. 1 provides an overview of the questionnaire con-
structs presented in Supplementary file 1.

Data analysis

Data analysis was conducted using SPSS version 29.0.1.0 (171)
with a two-tailed « level of 0.05 for statistical significance. Data
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Figure 1. Overview of the variables studied in this research project.

were cleaned and checked for missing values and outliers using
frequency distribution tables and box plots. Categorical variables
were summarised using means and standard deviations. Internal
consistency was assessed via Cronbach’s alpha (threshold 0.6),
with coefficients ranging from 0.68 to 0.94°". Exploratory factor
analysis via principal axis factoring identified programme char-
acteristics associated with educational objectives and variables
contributing to graduate competency levels in each modality.”> A
fixed factor model retained all variables.”> Graduate competency
factors refer to the core clinical expert attributes in diagnostic
imaging and radiotherapy that radiographers must achieve to
ensure quality patient outcomes.

Results
Demographics

A total of 258 professionals from 23 sub-Saharan African
countries participated (Fig. 2a). Recent radiography graduates
(n=133,52 %), radiology service managers (n = 80, 31 %), and only
45 (17 %) were radiography educators (Fig. 2b). In this study,
radiotherapy, nuclear medicine, and ultrasound are reported as
modalities that were taught within diagnostic radiography
curricula. We recognise that in some SSA countries, these disci-
plines are also offered as standalone programmes; however, such
independent pathways were excluded from the factor analysis.

Main characteristics of preregistration radiography programmes
across sub-saharan Africa

Preregistration radiography educational programmes varied in
imaging modalities covered and duration. Most countries offered
4-5-year undergraduate degrees with multi-modality diagnostic
radiography pathways, while three-year diploma programmes
focused on projection radiography and limited ultrasound prac-
tice. Some countries reported single-modality specialisations in
medical ultrasound and radiotherapy. Ethiopia and Cameroon

offered 5-6-year dual-qualification programmes in diagnostic and
radiation therapy (Fig. 2c and d).

Taught and clinical content workload allocation across imaging
modalities

The analysis showed projection radiography dominated both
taught and clinical components, with less time given to ultra-
sound, CT, MRI, NM, and RT. The bar chart summarises the re-
sponses regarding workload allocation to taught and clinical
content in the curriculum (Fig. 3).

The Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s test of
sphericity were conducted on three factor groupings. All KMO
values exceeded 0.60, indicating an adequate sample size for factor
analysis (Table 1). Bartlett’s test produced p < 0.001, confirming
that the correlation matrices were appropriate for structure
detection. These results strongly support proceeding with
exploratory factor analysis (EFA) using principal axis factoring
(PAF). Normality tests using the Kolmogorov-Smirnov and
Shapiro-Wilk methods showed that all variables violated multi-
variate normality (p < 0.05), as indicated in Table 2. Due to these
violations, PAF was chosen for EFA, as it is robust to non-normal
distributions. Likert-scale items were transformed into contin-
uous variables and analysed using Spearman’s rank-order
correlation.

This section presents key results from the factor analysis and
competency development across imaging modalities in preregis-
tration radiography programmes, covering the taught component,
clinical placement, competency factor loadings and graduate
competency levels.

Part 1: taught component

Results show projection radiography (0.863) was most strongly
represented, with 85 % of respondents rating it high/very high
(mean: 4.34). Radiotherapy had 0.808 loading, with 70 % indicating
very low/low allocation (mean: 2.08). Nuclear medicine (0.779)
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Figure 2. Demographic data. Distribution of participants by A-country, B-role and distribution of programmes by C-duration, D-modality covered. (The numbers in each figure

above represent the number of responses.

Mean Rating
I ~
L N R

°
«

Projection cT Ultrasound

Radiography

) Ii II II II

MRT Nuclear Medicine Mammography Radiotherapy

Imaging Modality

mTaught Mean wmClinical Mean

Figure 3. Bar chart comparing mean taught and clinical workload allocation ratings across imaging modalities in preregistration radiography programmes.

showed 70 % very low/low allocation (mean: 2.02). Ultrasound
(0.778) had 45 % rating it very high/high. MRI had 0.610 loading,
with 22 % rating it high/very high (mean: 2.79). CT showed the
lowest loading (0.562), with 37 % rating high/very high (mean:
3.19). Mammography (0.33) was excluded due to loading below
0.50 (Table 3).

Part 2: clinical placement

Clinical placement loadings ranged from 0.517 to 1.00. Ultra-
sound had 1.00 loading (mean: 3.25), with 50 % indicating mod-
erate/high allocation. Radiotherapy showed 0.85 loading (mean:
4.38), though 76 % indicated minimal programme time. Projection
radiography (0.79 loading) had an 83 % high/very high allocation.
Nuclear medicine showed 84 % low/very low allocation, while CT
had 62 % moderate-high placement despite 0.54 loading.
Mammography had the lowest loading (0.51), with 60 % indicating
low/very low allocation. MRI (0.22) was excluded due to sub-

threshold loading. These findings were explored in a follow-up
qualitative study (Table 3).

Part 3: graduate competency factor loadings by modality

The analysis demonstrated particularly strong loadings in
radiotherapy and nuclear medicine. Across all modalities, standout
skills such as “perform RT techniques,” “perform NM procedures,”
“perform contrast and non-contrast CT procedures, “perform MRI,”
and “perform ultrasound” emerged as central to competency in
these areas. While CT and MRI showed moderate loading patterns,
the consistently strong results in projection radiography and
generic professional skills suggest that these areas benefit from
more comprehensive curricular integration (Table 4).

Graduate competency development by practice area

When participants were asked to rate the development of each
skill across five stages (not developed, partially developed,
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Figure 4. An overview of graduate competency levels by practice area (A-F) representing projection radiography, CT, MRI, nuclear medicine ultrasound, and radiotherapy,
respectively.
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Table 1
Kaiser—-Meyer-0Olkin (KMO) test and Bartlett’s test of sphericity.

Factor Grouping Kaiser-Meyer-0Olkin Bartlett’s

(KMO) measure of test of
Part Factors L ..
sampling adequacy  sphericity.
A Taught and clinical programme 0.754 P = 0.0001
characteristics and projection
radiography competence
B Graduate competence in computed 0.934 P = 0.0001
tomography, magnetic resonance
imaging and nuclear medicine
C  Graduate competence in 0.905 P = 0.0001

radiotherapy, medical ultrasound,
generic skills, and industry
expectations

competent at graduation, developed on the job, or developed at
the postgraduate level), the perceived development of each skill
among recent graduates before graduation is shown in Fig. 4: A—F
and Fig. 5.

Correlation analysis of programme characteristics, radiographic
competencies, generic professional skills and industry expectations

The correlation analysis reveals a clear divergence in how
programme characteristics influence educational outcomes. While
clinical placements show stronger positive correlations with
graduate competencies in cross-sectional imaging modalities,
particularly computed tomography, nuclear medicine, and radio-
therapy, the taught and clinical components exhibit negative
correlations with industry expectations. In contrast, they exhibit
modest positive correlations with generic professional skills,
highlighting a strength in fostering transferable competencies, but
also indicating a potential misalignment with current workplace
demands (Fig. 6).

Discussion

This study on preregistration radiography education across 23
sub-Saharan African countries examines programme structure,
graduate competencies, and industry alignment. It analysed aca-
demic and clinical training characteristics, evaluated graduate
outcomes with stakeholder assessments across imaging modal-
ities, and assessed their alignment with employer expectations.

The study contributes new evidence indicating that while
graduates develop core competencies in projection radiography
and ultrasound, preparedness in CT, MRI, nuclear medicine, or
radiotherapy is often limited at graduation and is acquired post-
registration through on the job training. This raises questions
about whether preregistration training in SSA should remain
generalist, with specialisation deferred to the postgraduate level,>*
or whether innovative, context-sensitive, new single-modality exit

Radiography 32 (2026) 103221

models should be introduced at the undergraduate level, partic-
ularly given the limited availability of cross-sectional imaging
equipment for training.’>°' The existence of standalone pro-
grammes in ultrasound, nuclear medicine and radiotherapy in
some SSA countries points to alternative models that warrant
further investigation.

Additionally, clinical expert skills emerged as the strongest
predictors of graduate competence across imaging modalities.
Factor analysis showed that competencies in optimal equipment
use and patient-centred image acquisition were essential in
diagnostic radiography, whereas safe treatment delivery was
critical in radiotherapy. This analysis was not intended to compare
diagnostic and therapeutic radiography as distinct pathways;
rather, it examined how individual skills loaded within each
practice area, with the highest loading interpreted as contributing
most to how competence in that practice area is defined. In this
way, factor analysis makes a vital contribution by distilling
broader, modality-specific competency profiles'4*446:62-70 3pq
streamlining clusters of expert clinical skills into those that most
strongly define graduate readiness, often called threshold com-
petencies.”! Graduate readiness is widely acknowledged as a
complex, multidimensional, context-specific construct.”’> The
competencies required extend beyond core imaging, which en-
compasses broader professional capabilities. The findings of our
study support Sloane’s”® position and contribute to this discourse
by offering a strategic framework for preregistration curriculum
reform. Specifically, the results advocate for early consolidation of
high-impact multimodality threshold competencies, followed by
structured, modality-specific training pathways in the final year.
This staged approach ensures that foundational competence meets
regulatory requirements while enabling targeted skill develop-
ment that is aligned with workforce demands.'##%74-76

Sub-Saharan African health and regulatory systems require
graduates to be proficient across multiple imaging domains.'>!*””
However, as this study demonstrates, compressing comprehensive
multimodality  expectation into traditional, projection
radiography-dominant curricula without designing a new model
of radiography education risks undermining the depth of training
in cross-sectional imaging. Thus, a single-modality exit model
with a multimodality core competency framework presents a
sustainable approach to radiography education in low-resource
settings. Similar concerns have been raised internationally,
where rapid curricular expansion has led to graduates lacking
confidence and competence in specialised modalities.**’®

Notably, this study underscores the crucial role of clinical
placement in fostering competency development across various
advanced imaging modalities. Significant correlations existed be-
tween clinical exposure and graduate proficiency in computed
tomography, medical ultrasound, radiotherapy, magnetic reso-
nance imaging (MRI), and nuclear medicine (ranging from r = 0.16
to 0.23, p < 0.05), reinforcing the overall importance of

Table 2
Normality test for competency areas.
Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Projection radiography 0.113 207 0.000 0.987 207 0.050
Computed tomography 0.092 207 0.000 0.979 207 0.003
Medical ultrasound 0.068 207 0.022 0.978 207 0.002
Radiotherapy 0.156 207 0.000 0.878 207 0.000
Magnetic resonance imaging 0.102 207 0.000 0.966 207 0.000
Nuclear medicine 0.188 207 0.000 0.850 207 0.000
Industry expectation 0.120 207 0.000 0.961 207 0.000
Generic skills 0.137 207 0.000 0.951 207 0.000

2 Lilliefors Significance Correction.
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Table 3
Factors and descriptive analysis of educational programme characteristics.
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Category Pattern Matrix Please rate the distribution of workload Mean SD
within the programme.
Survey item statement Factor Loadings Very Low Moderate High Very
Taught Clinical ;"E’;) NE N@E - NG ﬁ'é‘)
Content Placement
Workload Allocation
Allocation
Educational Please rate how much the course’s taught content is dedicated to 0.863 2(1.1) 4 21(11.8) 55 96 434 0.88
Programme projection radiography (2.2) (30.9) (53.9)
characteristics Please rate how much the course’s taught content is dedicated to 0.808 79 40 36 (20.2) 11 12 2.08 1.00
radiation therapy (44.4) (22.5) (6.2) (6.7)
Please rate how much the course’s taught content is dedicated to 0.779 69 56 38(21.3) 8 6(3.4) 2.02 1.05
nuclear medicine (38.8) (31.5) (4.5)
Please rate how much the course’s taught content is dedicated to 0.778 24 26 48 (27.0) 47 33 322 1.29
medical ultrasound (13.5) (14.6) (26.4) (18.5)
Please rate how much the course’s taught content is dedicated to 0.610 22 43 74 (41.6) 28 11 279 1.05
magnetic resonance imaging. (12.4) (24.2) (15.7) (6.2)
Please rate how much the course’s taught content is dedicated to 0.564 9(5.1) 31 73 (41.0) 48 17 3.19 1.00
computed tomography. (17.4) (27.0) (9.6)
Please rate how much clinical placement time is dedicated to 1.000 28 21 48 (27.0) 38 42 3.25 136
medical ultrasound. (15.7) (11.8) (21.3) (23.3)
Please rate how much clinical placement time is dedicated to 0.854 105 31 25(14.0) 5 12 1.81 1.19
radiation therapy. (59.0) (17.4) (2.8) (6.7)
Please rate how much clinical placement time is dedicated to 0.791 6(3.4) 4 20(11.2) 35 113 438 1.00
projection radiography. (2.2) (19.7) (63.5)
Please rate how much clinical placement time is dedicated to 0.762 108 11 18 (10.1) 3 8(4.4) 1.66 1.04
nuclear medicine. (60.7) (23.0) (1.7)
Please rate how much clinical placement time is dedicated to 0.544 14 28 76 (42.7) 34 26 3.17 112
computed tomography. (79) (15.7) (19.1) (14.6)
Please rate how much clinical placement time is dedicated to 0.517 52 54 43 (24.2) 16 13 235 1.20
mammography. (29.2) (30.3) (9.0) (7.3)

experiential learning in radiography education.”®’°-%! No corre-
lation was found for projection radiography, which appeared to be
more influenced by academic instruction.

These patterns suggest that certain competencies depend more
on clinical immersion, although the reasons for these variations
remain unclear. Access to projection radiography equipment in
educational institutions may reduce dependence on clinical
placements. Cross-sectional imaging requires hands-on experi-
ence, which is often unavailable in academic settings. MRI's
exclusion from factor analysis, despite clinical exposure correla-
tion, raises questions about the impact of equipment access and
mentorship on training outcomes; however, empirical evidence
for this requires future qualitative exploration.

Interestingly, this study found significant heterogeneity in
terms of programme structure, duration, and modality coverage.
While projection radiography dominates, cross-sectional modal-
ities and radiotherapy receive limited emphasis in the curriculum
and clinical training, as previous studies have shown.*?7>8283 Thjs
imbalance affects graduate readiness, which necessitates consis-
tent regional standards. International professional bodies advocate
for harmonising radiography education globally while maintaining
contextual flexibility; thus, curriculum developers must balance
breadth and depth using modular approaches or structured post-
registration training.

Another consistent finding across all imaging modalities is the
heavy reliance on employer-led training to develop essential
clinical imaging skills, particularly in cross-sectional imaging
modalities and radiotherapy. In CT and MRI, more than 30 % of
respondents reported that graduates developed core skills through
on-the-job training. Nuclear medicine and ultrasound compe-
tencies were frequently reported as either “not developed” or
“developed on the job,” highlighting gaps in preregistration
training. Previous Sudanese®® and Australian research®® reports
transitioning challenges for new radiographers. These studies

identified that graduates often have limited preregistration
exposure to cross-sectional imaging, requiring structured on-the-
job training.

Overreliance on employer-led post-registration training may
burden clinical systems, compromise standardisation of training,
and delay the development of professional autonomy. The findings
of this phase highlight a clear pattern of core skill development
being deferred postgraduation. While this study phase reveals an
important systemic challenge, it also raises new questions
requiring deeper exploration: What are the barriers to more robust
clinical exposure? How do stakeholders perceive the current
training model? The current phase of this study further revealed a
significant mismatch between educational and industry expecta-
tions, as discussed below.

A statistically significant negative correlation was found be-
tween radiography education components and employer expecta-
tions, indicating a misalignment between educational programme
characteristics and clinical practice needs. While such gaps exist in
high-income countries, particularly in CT and MRL*° the
misalignment is more evident in low-resource contexts where
graduates have limited access to cross-sectional imaging pre-
graduation.?0>>-61808586 The causes remain unclear, but may
include curricula anchored in traditional paradigms, while industry
expectations evolve with technology, and limited academic-clinical
collaboration hampers innovative curriculum development.
Despite modality-specific gaps, the study demonstrated high
competence in professional skills, such as communication and
teamwork, which are essential for effective healthcare delivery.

Strengths and limitations

This study’s key strengths include wide geographic coverage
across 23 sub-Saharan African countries and data triangulation
from educators, graduates, and employers. Factor analysis enabled
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Table 4
Heatmap visualisation of factor loadings across radiographic skills and imaging modalities, highlighting the strength of the associations between competencies and domains
of practice. Darker shades indicate stronger relationships (loadings closer to 1.0), suggesting core skills that should be the focus of the curriculum.

Factor Loadings by Skill and Modality
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Uttrasound pharmacology
Vascular US
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Modality
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examination of the relationship between the educational compo-
nents and graduate competence. However, the cross-sectional
design and self-reported data limit causal interpretation. A
further limitation is the exclusion of standalone programmes in
radiotherapy, nuclear medicine or ultrasound. This decision was
methodologically necessary to maintain a consistent unit of
analysis. Consequently, the study only reflects findings from single
diagnostic radiography or those combined with radiotherapy ed-
ucation, as a unit of analysis; as such, they may not capture the full
scope of training in countries where these disciplines exist as in-
dependent educational pathways.

Conclusion

The study reveals critical insights into radiography education
across sub-Saharan Africa, identifying clinical expertise as the
primary determinant of graduate competence. Clinical placements
are essential for developing proficiency in cross-sectional imaging
and radiotherapy. The misalignment between education and in-
dustry expectations highlights the need for curriculum reform and
enhanced academia-clinical collaboration. While generic profes-
sional skills are well integrated, disparities exist in modality-
specific training.

Implications for practice and future research

Educational institutions must prioritise threshold compe-
tencies and guarantee access to clinical training. Regulators should
support post-registration training to address gaps in advanced
modalities. The planned qualitative phase will gather stakeholder
perspectives on clinical placements and gaps between academia
and industry. Longitudinal studies could monitor graduate pre-
paredness and identify models for curriculum reform.

Ethics approval and consent to participate

Ethical approval for this study was obtained from Bournemouth
University Ethics Committee (APPROVAL NUMBER/ID 52773).

Written informed consent was obtained for anonymised
participant information to be published in this article.

Availability of data

Data required for this study may be made available by the
author(s) upon reasonable request.

Author contributions

ES: Conceptualisation, Methodology, Formal Analysis, Data
curation, Writing- Original Draft preparation, Visualisation,
Investigation, Writing- Reviewing and Editing, funding acquisition,
project administration.

JT:  Conceptualisation,
Reviewing and Editing.

TNA: Conceptualisation, Validation, Supervision, Writing-
Reviewing and Editing, and funding acquisition.

Validation, Supervision, Writing-

Generative Al use

Not applicable.

Radiography 32 (2026) 103221
Funding

The Commonwealth Scholarship Commission and the Foreign,
Commonwealth and Development Office in the UK funded this
research. (FUNDING REFERENCE NUMBER/ID ZM(S-2022-663).

Conflict of interest statement

None. TNA is a current Associate Editor at Radiography; how-
ever, as an author of this submission, he had no role in or visibility
of the handling of the manuscript through the editorial or peer
review process.

Acknowledgements

Not applicable.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.radi.2025.103221.

References

1. Health and Care Professions Council. Standards of proficiency for radiographers.
2023.

2. American Society of Radiologic Technologists. The ASRT practice standards for
medical imaging and radiation therapy; 2023 [Internet]. [cited 2024 Nov 20]
Available from: https://www.asrt.org/main/standards-and-regulations/
professional-practice/practice-standards-online.

3. College of Medical Radiation and Imaging Technologists of Ontario. Standards
of practice. 2024.

4. Gouda HN, Charlson F, Sorsdahl K, Ahmadzada S, Ferrari AJ, Erskine H, et al.
Burden of non-communicable diseases in Sub-Saharan Africa, 1990-2017:
results from the global burden of disease study 2017. Lancet Global Health.
2019 Oct 1;7(10):e1375-e1387.

5. World Health Organization (WHO). World health statistics; monitoring health
for the SDGs, Sustainable Development Goals1. World Health Organization
(WHO). World health statistics; monitoring health for the SDGs, Sustainable
Development Goals. Vol. 27, The Milbank Memorial Fund quarterly. Milbank
Mem Fund Q. 2023;27(2):179-87.

6. Fleming KA, Horton S, Wilson ML, Atun R, DeStigter K, Flanigan ], et al. The
lancet commission on diagnostics: transforming access to diagnostics. Lancet.
2021 Nov 27;398(10315):1997-2050.

7. Yadav H, Shah D, Sayed S, Horton S, Schroeder LF. Availability of essential
diagnostics in ten low-income and middle-income countries: results from
national health facility surveys. Lancet Global Health. 2021;9:e1553-e1560
[Internet]. [cited 2024 Jan 6] Available from: www.thelancet.com/lancetgh.

8. The Lancet Global Health. Essential diagnostics: mind the gap. Lancet Global
Health. 2021 Nov 1;9(11):e1474.

9. World Health Organisation. To X-ray or not to X-ray?; 2016 [Internet]. [cited
2023 Feb 2] Available from: https://www.who.int/news-room/feature-
stories/detail/to-x-ray-or-not-to-x-ray.

10. Ell T, Katsifarakis D. The international society of radiographers and radiological
technologists survey to support the World Health Organisation’s strategy on hu-
man resources for Health: workforce 2030. 2021.

11. Ahmat A, Okoroafor SC, Kazanga I, Asamani JA, Millogo JJS, lllou MMA, et al.
The health workforce status in the WHO African region: findings of a cross-
sectional study. BMJ Glob Health. 2022 Jun 8;7.

12. Frija G, Blazic¢ I, Frush DP, Hierath M, Kawooya M, Donoso-Bach L, et al. How to
improve access to medical imaging in low- and middle-income countries.
eClinicalMedicine. 2021 Aug 1;38:101034 [Internet]. [cited 2025 Jun 10]
Available from: https://www.sciencedirect.com/science/article/pii/
$258953702100314X?ref=pdf_download&fr=RR-2&rr=94daa8521cae88a3.

13. ENlT. Improving the entry-to-practice education of radiographers. 2022:124-137.

14. Susiku E, Hewitt-Taylor ], Akudjedu TN. Systematic review graduate compe-
tencies, employability and the transnational radiography workforce shortage:
a systematic literature review of current pre-registration radiography edu-
cation and training models [cited 2024 Jan 13]; https://doi.org/10.1016/j.radi.
2024.01.001; 2024.

15. College of Radiography. Education and career framework for the radiography
workforce. 4th ed. 2022. Start.

16. Wilkinson E, Gill A, Hardy M. Diagnostic radiography workforce expectations
of learners against the 2023 HCPC standards of proficiency: results of a UK
Delphi study. Radiography. 2024 Dec 1;30:1-9.

17. Aderinto N. Diagnosing the disparities: an analysis of the current state of
medical imaging in Africa and strategies for improvement: a correspondence.


https://doi.org/10.1016/j.radi.2025.103221
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref1
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref1
https://www.asrt.org/main/standards-and-regulations/professional-practice/practice-standards-online
https://www.asrt.org/main/standards-and-regulations/professional-practice/practice-standards-online
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref3
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref3
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref4
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref4
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref4
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref4
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref6
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref6
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref6
http://www.thelancet.com/lancetgh
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref8
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref8
https://www.who.int/news-room/feature-stories/detail/to-x-ray-or-not-to-x-ray
https://www.who.int/news-room/feature-stories/detail/to-x-ray-or-not-to-x-ray
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref10
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref10
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref10
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref11
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref11
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref11
https://www.sciencedirect.com/science/article/pii/S258953702100314X?ref=pdf_download&amp;fr=RR-2&amp;rr=94daa8521cae88a3
https://www.sciencedirect.com/science/article/pii/S258953702100314X?ref=pdf_download&amp;fr=RR-2&amp;rr=94daa8521cae88a3
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref13
https://doi.org/10.1016/j.radi.2024.01.001
https://doi.org/10.1016/j.radi.2024.01.001
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref15
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref15
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref16
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref16
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref16

E. Susiku, ]. Hewitt-Taylor and T.N. Akudjedu

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

Int ] Surg: Glob Health. 2023 May;6(3):e138. e138. [Internet]. [cited 2025 Apr
5] Available from: https://www.researchgate.net/publication/369926452_
Diagnosing_the_disparities_an_analysis_of_the_current_state_of_medical_
imaging_in_Africa_and_strategies_for_improvement_a_correspondence.

Ago JL, Anim-Sampong S, Neequaye JJ, Acquah G, Marteki Markwei LG, Adu
Tagoe SN, et al. “Watch them do what they do”: effects of the clinical learning
environment on radiography students’ clinical placement experiences. Radi-
ography. 2025 Jan 1;31(1):320-327.

Bwanga O, Sichone JM. Experiences of clinical supervisors regarding the
clinical training of radiography students in Zambia | South African radiogra-
pher [Internet]. [cited 2022 Nov 12] Available from: https://journals.co.za/
doi/abs/10.10520/ejc-saradio-v58-n2-a9; 2020.

Bwanga O, Sichone JM, Kafwimbi S, Sindaza N, Sutherland O, Mubanga B.
Educational audit of radiography clinical training sites in a limited resource
setting: zambian clinical educator’s perspectives. ] Med Imag Radiat Sci. 2025
May 1;56(3):101867.

European Commission Education and Culture. The European qualifications
framework for lifelong learning (EQF) European qualifications framework
[cited 2025 Apr 5] Available from: http://europa.eu; 2008.

Asamani JA, Bediakon KSB, Boniol M, Munga'Tu JK, Christmals C Dela,
Okoroafor SC, et al. State of the health workforce in the WHO African region:
decade review of progress and opportunities for policy reforms and in-
vestments. BMJ Glob Health. 2024 Nov 25;7(Suppl 1):15952 [Internet]. [cited
2025 Apr 3] Available from: https://gh.bmj.com/content/7/Suppl_1/e015952.
Cometto G, Boniol M, Mahat A, Diallo K, Campbell ]J. Understanding the WHO
health workforce support and safeguards list 2023. Bull World Health Organ.
2023;101:362. Available from: https://doi.org/10.2471/BLT.23.290191, 362.
[Internet]. [cited 2025 Apr 5].

Agyeman-Manu K, Ghebreyesus TA, Maait M, Rafila A, Tom L, Lima NT, et al.
Prioritising the health and care workforce shortage: protect, invest, together.
Lancet Global Health. 2023 Aug 1;11(8):e1162-e1164.

Bureau of Labour Statistics. Occupational handbook, radiologic and MRI tech-
nologists. U.S Department of Labour; 2025 [Internet]. [cited 2025 Apr 5]
https://www.bls.gov/ooh/healthcare/radiologic-technologists.htm.

Medical Radiation Practice Board of Australia. Medical radiation practice
board of Australia - 2023/24 annual summary [Internet]. [cited 2025 Apr 5]
https://www.medicalradiationpracticeboard.gov.au/News/Annual-report.
aspx; 2024.

Health and Care Professions Council. Registrant snapshot - 1 March 2023 | the
HCPC [Internet]. [cited 2025 Apr 5] https://www.hcpc-uk.org/resources/data/
2023/registrant-snapshot-march-2023/; 2023.

World Bank. Population, total | data [Internet]. [cited 2025 Sep 22] https://
data.worldbank.org/indicator/SP.POP.TOTL; 2025.

Dlamini Z, Gumede L, Hazell LJ. Diagnostic radiography clinical resources in a
workplace-based learning setting. | Med Imag Radiat Sci. 2024 Dec 1;55(4)
[Internet]. [cited 2025 Apr 5] https://pubmed.ncbi.nlm.nih.gov/39208522/.
Shafuda S, Daniels E, Karera A. Bridging theory and practice: experiences of
diagnostic radiography students during clinical training in resource-
constrained settings. ] Med Radiat Sci; 2025:1-9 [Internet]. [cited 2025 Apr
4];0 https://onlinelibrary.wiley.com/doi/full/10.1002/jmrs.854.

Bwanga O, lyamvwa P, Chanda E, Bwalya M. Perceptions of radiography stu-
dents regarding the qualities of an effective clinical educator in Zambia. South-
East Asian ] Med Educ. 2022 Dec 30;16(2):54-61.

Chinene B, Sanyamandwe C, Hlahla T. Challenges experienced by radiography
students during clinical placements in a low resource setting: a qualitative
phenomenological study. South Afr Radiogr. 2023 Nov;61(2):32-40.

Leech M, Coffey M, Jeha ], Prajogi G Ben, Bakhishova K, Wakeham K. Radiation
therapist education and training: an international survey. JCO Glob Oncol. 2024
Nov;(10) [Internet]. [cited 2024 Dec 14] https://ascopubs.org/doi/10.1200/GO.
23.00317.

Susiku E, Hewitt-Taylor ], Akudjedu NT. Regulation of clinical radiography and
education practice: a cross-continental document analysis of regulatory frame-
works. 2025.

Cowling C. Global review of radiography. Radiography. 2013;19:90-91.
England A, Geers-van Gemeren S, Henner A, Kukkes T, Pronk-Larive D,
Rainford L, et al. Clinical radiography education across Europe. Radiography.
2017 Sep 1;23:S7-S15.

Sd dos Reis C, Pires-Jorge JA, York H, Flaction L, Johansen S, Maehle S.
Curricula, attributes and clinical experiences of radiography programs in four
European educational institutions. Radiography. 2018 Aug 1;24(3):e61-e68.
Van de Venter R, Engel-Hills P. Diagnostic radiography education in South
Africa: where we were, where we are and possible futures. South Afr Radiogr.
2022 May;60(1):15-19.

Bafaraj SM, Elkhadir AM. Evaluation of diagnostic radiography technology
curriculum from the graduates perspective. Creat Educ. 2021;12(1):
265-277.

Friel M, Young R, McEntee MF, Rawashdeh M, England A. Clinical insights into
cross-sectional imaging integration in radiography education. Radiography.
2025 Jan 1;31(1):20-26.

McNulty JP, England A, Shanahan MC. International perspectives on radiog-
raphy practice education. Radiography. 2021 Nov 1;27(4):1044-1051.
Cowling C. A global overview of the changing roles of radiographers. Radiog-
raphy. 2008 Dec;14(SUPPL. 1).

Maimbo Sichone ], Chichonyi Kalungia A, Chigunta M, Stanley Banda S,
Sichone JM, Nankonde P, et al. Addressing radiography workforce competence

10

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Radiography 32 (2026) 103221

gaps in Zambia; insights into the radiography diploma training programme
using a curriculum mapping approach. Int J Sci Basic Appl Res. 2020;49(2):
225-232 [Internet]. [cited 2022 Nov 12] Available from: http://gssrr.org/
index.php?journal=JournalOfBasicAndApplied.

du Plessis J. Stakeholders’ viewpoints on work-integrated learning practices in
radiography training in South Africa: towards improvement of practice.
Radiography. 2019 Feb 1;25(1):16-23.

Nlashwa GD, Sinvula M, Setso SO, Miller W, Lesiamang M, Maboreke T, et al.
An audit of licenced radiological equipment and personnel in Botswana. J Coll
Med South Afr. 2024 Sep 26;2(1).

Couto ]G, McFadden S, McClure P, Bezzina P, Camilleri L, Hughes C. Evaluation
of radiotherapy education across the EU and the impact on graduates’ com-
petencies working on the linear accelerator. Radiography. 2021 May 1;27(2):
289-303.

Donabedian A. The quality of care: how can it be assessed? JAMA. 1988 Sep
23;260(12):1743-1748 [Internet]. [cited 2025 May 22] Available from:
https://jamanetwork.com/journals/jama/fullarticle/374139.

Donabedian A. Evaluating the quality of medical care. Milbank Q. 2005;83(4):
691-729.

Almanasreh E, Moles R, Chen TF. Evaluation of methods used for estimating
content validity. Res Soc Adm Pharm. 2019 Feb 1;15(2):214-221.

Hassan ZA, Schattner P, Mazza D. Doing A pilot study: why is it essential?
Malays Fam Phys. 2006;1(2-3):70 [Internet]. [cited 2025 Apr 25] Available
from: https://pmc.ncbi.nlm.nih.gov/articles/PMC4453116/.

Nunnally JC. Bernstein: psychometric theory. New York: McGraw-Hill; 1994
[Internet]. [cited 2025 Apr 7];(1994):2015-8. Available from: https://search.
worldcat.org/title/28221417.

Fabrigar LR, Wegener DT, Maccallum RC, Strahan EJ. Evaluating the use of
exploratory factor analysis in psychological research. Psychol Method. 1999;4
(3):272-299.

Costello AB, Osborne JW. Best practices in exploratory factor analysis: four
recommendations for getting the Most from your analysis. Practical Assess Res
Eval. 2005 Jan 2;10(1) [Internet]. [cited 2025 Apr 25] https://openpublishing.
library.umass.edu/pare/article/id/1650/.

Bwanga O, Sichone JM, Kafwimbi S. Establishment of postgraduate education
and training in the specialised areas of diagnostic imaging in Zambia [cited
2022 Nov 12]; www.abjournals.org; 2020.

Lutaka M, Speelman A, Naidoo S, Hamunyela R. Quality audits of nuclear
medicine practices in a middle-income African setting. ] Med Radiat Sci. 2024
Jun 1;71(2):186-193 [Internet]. [cited 2025 Jun 17] https://pubmed.ncbi.nlm.
nih.gov/38009579/.

Ampofo JW, Kekessie KK, Balogun EO, Ofori EK, Angmorterh SK, Allorsey G,
et al. Audit of the accessibility, state and cost of computed tomography ser-
vice: a national audit in a middle-income resource setting. ] Med Imag Radiat
Sci. 2025 Sep 1;56(5).

Kiguli-Malwadde E, Byanyima R, Kawooya MG, Mubuuke AG, Basiimwa RC,
Pitcher R. An audit of registered radiology equipment resources in Uganda.
Pan Afr Med J. 2020;37:295 [Internet]. [cited 2025 Jun 17] https://pubmed.
ncbi.nlm.nih.gov/33654516/.

Mapuranga H, Pitcher RD, Jakanani GC, Banhwa J. An audit of zimbabwean
public sector diagnostic ultrasound services. Pan Afr Med J. 2021 May 1;39
[Internet]. [cited 2025 Jun 17] https://pubmed.ncbi.nlm.nih.gov/34466201/.
Ofori EK, Angmorterh SK, Ofori-Manteaw BB, Acheampong F, Aboagye S,
Yarfi C. An audit of MRI machines and services in Ghana. Radiography. 2021
Feb 1;27(1):127-131 [Internet]. [cited 2025 Jun 17] https://www.
sciencedirect.com/science/article/abs/pii/S1078817420301280.

Mbewe C, Chanda-Kapata P, Sunkutu-Sichizya V, Lambwe N, Yakovlyeva N,
Chirwa M, et al. An audit of licenced Zambian diagnostic imaging equipment
and personnel [cited 2024 Jun 13]; www.panafrican-med-journal.com; 2019.
Maboreke T, Banhwa J, Pitcher RD. An audit of licensed zimbabwean radiology
equipment resources as measure of healthcare access and equity. Pan Afr Med
J. 2019;34 [Internet]. [cited 2025 Jun 17] Available from: https://pubmed.
ncbi.nlm.nih.gov/31762925/.

Childs ], Thoirs K, Osborne B, Halligan T, Stoodley P, Quinton A, et al. Profes-
sional competency framework for sonographers. Figshare; 2021 [Internet].
[cited 2025 Apr 14];(October). Available from: https://figshare.com/articles/
online_resource/Professional_Competency_Framework_for_Sonographers/
17148035.

Childs ], Thoirs K, Quinton A, Osborne B, Edwards C, Stoodley P, et al. Devel-
opment of a professional competency framework for Australian sonogra-
phers—perspectives for developing competencies using a Delphi
methodology. Int | Qual Health Care. 2022 Apr 12;34(2):1-7. https://doi.org/
10.1093/intghc/mzac017 [Internet]. [cited 2025 Apr 14].

Estira DrV. Clinical competencies and performance of radiologic technology
interns in general radiography. ] Med Imag Radiat Sci. 2024 Oct 1;55(3):
101570 [Internet]. [cited 2025 Apr 15] Available from: https://linkinghub.
elsevier.com/retrieve/pii/S1939865424003011.

Rose C, MclIntosh J. Developing clinical competence in diagnostic imaging
students. Radiol Technol. 2015 Nov;87(2):230-235 [Internet] Available from:
https://bournemouth.idm.oclc.org/login?url=https://search.ebscohost.com/
login.aspx?direct=true&db=cul&AN=110594763&site=ehost-live.

Mallison MA, Hardy M, Scally AJ. Developing CT workforce competencies:
what knowledge and skills should we expect of an early career radiographer?
Radiography. 2024;30(5):1355-1362 [Internet] Available from: https://www.
sciencedirect.com/science/article/pii/S1078817424001846.


https://www.researchgate.net/publication/369926452_Diagnosing_the_disparities_an_analysis_of_the_current_state_of_medical_imaging_in_Africa_and_strategies_for_improvement_a_correspondence
https://www.researchgate.net/publication/369926452_Diagnosing_the_disparities_an_analysis_of_the_current_state_of_medical_imaging_in_Africa_and_strategies_for_improvement_a_correspondence
https://www.researchgate.net/publication/369926452_Diagnosing_the_disparities_an_analysis_of_the_current_state_of_medical_imaging_in_Africa_and_strategies_for_improvement_a_correspondence
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref18
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref18
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref18
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref18
https://journals.co.za/doi/abs/10.10520/ejc-saradio-v58-n2-a9
https://journals.co.za/doi/abs/10.10520/ejc-saradio-v58-n2-a9
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref20
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref20
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref20
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref20
http://europa.eu
https://gh.bmj.com/content/7/Suppl_1/e015952
https://doi.org/10.2471/BLT.23.290191
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref24
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref24
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref24
https://www.bls.gov/ooh/healthcare/radiologic-technologists.htm
https://www.medicalradiationpracticeboard.gov.au/News/Annual-report.aspx
https://www.medicalradiationpracticeboard.gov.au/News/Annual-report.aspx
https://www.hcpc-uk.org/resources/data/2023/registrant-snapshot-march-2023/
https://www.hcpc-uk.org/resources/data/2023/registrant-snapshot-march-2023/
https://data.worldbank.org/indicator/SP.POP.TOTL
https://data.worldbank.org/indicator/SP.POP.TOTL
https://pubmed.ncbi.nlm.nih.gov/39208522/
https://onlinelibrary.wiley.com/doi/full/10.1002/jmrs.854
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref31
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref31
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref31
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref32
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref32
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref32
https://ascopubs.org/doi/10.1200/GO.23.00317
https://ascopubs.org/doi/10.1200/GO.23.00317
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref34
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref34
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref34
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref35
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref36
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref36
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref36
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref37
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref37
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref37
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref38
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref38
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref38
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref39
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref39
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref39
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref40
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref40
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref40
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref41
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref41
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref42
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref42
http://gssrr.org/index.php?journal=JournalOfBasicAndApplied
http://gssrr.org/index.php?journal=JournalOfBasicAndApplied
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref44
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref44
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref44
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref45
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref45
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref45
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref46
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref46
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref46
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref46
https://jamanetwork.com/journals/jama/fullarticle/374139
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref48
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref48
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref49
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref49
https://pmc.ncbi.nlm.nih.gov/articles/PMC4453116/
https://search.worldcat.org/title/28221417
https://search.worldcat.org/title/28221417
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref52
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref52
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref52
https://openpublishing.library.umass.edu/pare/article/id/1650/
https://openpublishing.library.umass.edu/pare/article/id/1650/
http://www.abjournals.org
https://pubmed.ncbi.nlm.nih.gov/38009579/
https://pubmed.ncbi.nlm.nih.gov/38009579/
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref56
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref56
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref56
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref56
https://pubmed.ncbi.nlm.nih.gov/33654516/
https://pubmed.ncbi.nlm.nih.gov/33654516/
https://pubmed.ncbi.nlm.nih.gov/34466201/
https://www.sciencedirect.com/science/article/abs/pii/S1078817420301280
https://www.sciencedirect.com/science/article/abs/pii/S1078817420301280
http://www.panafrican-med-journal.com
https://pubmed.ncbi.nlm.nih.gov/31762925/
https://pubmed.ncbi.nlm.nih.gov/31762925/
https://figshare.com/articles/online_resource/Professional_Competency_Framework_for_Sonographers/17148035
https://figshare.com/articles/online_resource/Professional_Competency_Framework_for_Sonographers/17148035
https://figshare.com/articles/online_resource/Professional_Competency_Framework_for_Sonographers/17148035
https://doi.org/10.1093/intqhc/mzac017
https://doi.org/10.1093/intqhc/mzac017
https://linkinghub.elsevier.com/retrieve/pii/S1939865424003011
https://linkinghub.elsevier.com/retrieve/pii/S1939865424003011
https://bournemouth.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&amp;db=cul&amp;AN=110594763&amp;site=ehost-live
https://bournemouth.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&amp;db=cul&amp;AN=110594763&amp;site=ehost-live
https://www.sciencedirect.com/science/article/pii/S1078817424001846
https://www.sciencedirect.com/science/article/pii/S1078817424001846

E. Susiku, ]. Hewitt-Taylor and T.N. Akudjedu

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Ballinger PW, Glassner JL. Positioning competencies for radiography graduates.
1999.

Couto JG, Mcfadden S, Mcclure P, Bezzina P, Hughes C. Competencies of
therapeutic radiographers working in the linear accelerator across Europe: a
systematic search of the literature and thematic analysis [cited 2023 Sep 27];
https://doi.org/10.1016/j.radi.2019.06.004; 2019.

Lass P. Nuclear medicine technologist training in European countries. Eur |
Nucl Med. 2002;29:1083-1090.

Castillo ], Caruana CJ, Morgan PS, Westbrook C, Mizzi A. An international
survey of MRI qualification and certification frameworks with an emphasis on
identifying elements of good practice. Radiography. 2017 Feb 1;23(1):e8-e13.
Health Professions Council of Zambia. Core competencies reference manual for
diagnostic radiographers to practice in Zambia. 2019.

Makanjee CR, Zhang ], Bergh AM. Roles and responsibilities in the transition to
working independently: a qualitative Study of recently graduated radiogra-
phers’ perspectives in Australia. | Multidiscip Healthc. 2023;16:2471-2483
[Internet]. [cited 2025 Apr 24] https://pubmed.ncbi.nlm.nih.gov/37664802/.
Sloane C, Miller PK. Informing radiography curriculum development: the
views of UK radiology service managers concerning the ‘fitness for purpose’ of
recent diagnostic radiography graduates. Radiography. 2017 Sep 1;23:516-S22
[Internet]. [cited 2023 Oct 26] http://www.radiographyonline.com/article/
S$1078817417300706/fulltext.

Susiku E, Hewitt-Taylor ], Akudjedu TN. Regulation of diagnostic radiography
education and clinical practice: a comparative document analysis of Sub-
Saharan Africa and international guidelines. Radiography. 2025 Jul 1;31(4).
https://doi.org/10.1016/j.radi.2025.102982 [Internet].

Chandrashekhar Y, Dilsizian V, Kramer CM, Marwick T, Min JK, Shaw L, et al.
Implementing multimodality imaging in the future. JACC Cardiovasc Imag.
2016 Feb 1;9(2):91-98.

Current employment practices and future preferences for multicredentialed
technologists in Nebraska.

Kawooya MG, Kisembo HN, Remedios D, Malumba R, del Rosario Perez M,
Ige T, et al. An Africa point of view on quality and safety in imaging. Insight

1

79.

80.

81.

82.

83.

84.

85.

86.

Radiography 32 (2026) 103221

Imag. 2022 Dec 1;13(1):58 [Internet]. [cited 2025 Jan 20] https://pmc.ncbi.
nlm.nih.gov/articles/PMC8959275/.

. Dutt MJ, Mehrer GM, Webster TL. Integration of computed tomography con-

tent in radiography curriculum. Radiolog Sci Educ. 2021 Mar;26(1):3-12
[Internet] https://bournemouth.idm.oclc.org/login?url=https://search.ebsco-
host.com/login.aspx?direct=true&db=cul&AN=149374903&site=ehost-live.

O’Connor M, McNulty JP. Radiography students’ viewpoints of the clinical
learning environment: a cross-sectional study. Radiography. 2024 Jan 1;30(1):
367-374.

Kyei KA, Antwi WK. Effect of clinical placement on radiography students in
Ghana. Clin Med Res Spec Issue: Radiogr Prac Situat Dev Count. 2015;4(1):14-19
[Internet]. [cited 2025 Apr 16] http://www.sciencepublishinggroup.com/j/cmr.
Lundvall LL, Dahlstrom N, Dahlgren MA. Radiography students’ learning
during clinical placements: developing professional knowing in practice.
Vocat Learn. 2021;14:439-457. https://doi.org/10.1007/s12186-021-09269-1
[Internet]. [cited 2025 Apr 16].

Sloane C, Hyde E. Diagnostic radiography education: time for radical change?.
2019.

Sloane C. Challenges and Opportunities in educating the medical imaging
practitioner workforce. In: Imaging Oncology for Imaging and therapy pro-
fessionals. Edwards Hazel; 2016:44-47.

Zhang ], Makanjee C, Hayre CM, Lewis S. Australian graduate radiographers’
perspectives and experiences of work readiness. ] Med Radiat Sci. 2023 Sep
1;70(3):254-261 [Internet]. [cited 2025 Apr 24] https://pubmed.ncbi.nlm.nih.
gov/37015838].

Ago JL, Anim-Sampong S, Markwei M, Acquah G, Neequaye ], Antwi WK, et al.
Insights into radiography education in Ghana: document analysis of curricula
contents and perspectives of selected stakeholders [cited 2025 Jun 8]; https://
www.researchsquare.com; 2025 Jan 13.

Parak Y, Davis R, Barnard M, Fernandez A, Cloete K, Mukosi M, et al. A 6-year
audit of public-sector MR utilisation in the Western Cape province of South
Africa. SA ] Radiol. 2022;26(1):2464 [Internet]. [cited 2025 Jun 17] http://
www.ncbi.nlm.nih.gov/pubmed/35936227.


http://refhub.elsevier.com/S1078-8174(25)00365-7/sref67
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref67
https://doi.org/10.1016/j.radi.2019.06.004
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref69
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref69
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref70
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref70
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref70
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref71
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref71
https://pubmed.ncbi.nlm.nih.gov/37664802/
http://www.radiographyonline.com/article/S1078817417300706/fulltext
http://www.radiographyonline.com/article/S1078817417300706/fulltext
https://doi.org/10.1016/j.radi.2025.102982
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref75
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref75
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref75
https://pmc.ncbi.nlm.nih.gov/articles/PMC8959275/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8959275/
https://bournemouth.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&amp;db=cul&amp;AN=149374903&amp;site=ehost-live
https://bournemouth.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&amp;db=cul&amp;AN=149374903&amp;site=ehost-live
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref79
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref79
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref79
http://www.sciencepublishinggroup.com/j/cmr
https://doi.org/10.1007/s12186%2D021%2D09269%2D1
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref82
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref82
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref83
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref83
http://refhub.elsevier.com/S1078-8174(25)00365-7/sref83
https://pubmed.ncbi.nlm.nih.gov/37015838/
https://pubmed.ncbi.nlm.nih.gov/37015838/
https://www.researchsquare.com
https://www.researchsquare.com
http://www.ncbi.nlm.nih.gov/pubmed/35936227
http://www.ncbi.nlm.nih.gov/pubmed/35936227

	Preregistration radiography education in sub-Saharan Africa: Impact assessment on graduate competence and employability
	Introduction
	Methods
	Study design
	Study population, inclusion and exclusion criteria
	Data collection
	Data analysis

	Results
	Demographics
	Main characteristics of preregistration radiography programmes across sub-saharan Africa
	Taught and clinical content workload allocation across imaging modalities
	1: taught component
	2: clinical placement
	3: graduate competency factor loadings by modality
	Graduate competency development by practice area
	Correlation analysis of programme characteristics, radiographic competencies, generic professional skills and industry expe ...

	Discussion
	Strengths and limitations
	Conclusion
	Implications for practice and future research
	Ethics approval and consent to participate
	Availability of data
	Author contributions
	Generative AI use
	Funding
	Conflict of interest statement
	Acknowledgements
	Appendix A. Supplementary data
	References


