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According to the South African Health Professions Act No. 56 of 1974, specific skills outcomes
of MBChB programmes are that a medical graduate must be able to utilise diagnostic aids,
interpret findings and make diagnoses. Imaging techniques are an integral part of the numerous
diagnostic and therapeutic aids used in contemporary medical practice; however, in South
Africa, no formal directives exist to guide programme directors or nuclear medicine departments
regarding an appropriate undergraduate nuclear medicine educational module. As of 2013, six
South African schools of medicine are involved in undergraduate nuclear medicine teaching, in
which it forms part of clinical modules taught at varying stages in the academic curriculum.
Against this backdrop is the inequitable distribution of nuclear medicine resources, training
facilities and staffing in the local state health sector. Inadequate undergraduate teaching and
provincial differences in nuclear medicine service provision suggest that many clinicians and
graduating medical students are unaware of how radionuclide techniques can facilitate patient
management. This high level of imaging illiteracy has been associated with lack of patient
referral, poor quality and inadequate referral, poor knowledge of radiation doses and poor
awareness of radiation risks. Here we highlight the challenges of undergraduate nuclear
medicine teaching in South Africa, emphasising the need for the implementation of guidelines
for undergraduate nuclear medicine education. Employing nationally accepted guidelines for
undergraduate nuclear medicine teaching in South African MBChB programmes will contribute
to the effective utilisation of nuclear medicine and molecular imaging as a diagnostic and
therapeutic modality by newly qualified medical practitioners.
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Introduction

The practice of medical radiation science (MRS) involves the administration of trace amounts of
radionuclides and ionising radiation energy in the diagnosis, treatment and follow-up of medical
and surgical pathologic conditions.! The use of electromagnetic radiation led to the creation of the
two major medical radiation sub-divisions: diagnostic radiology and clinical radiation therapy.?
The discovery of artificial radionuclides led to the development of nuclear medicine (NM).? In its
elementary form, the practice of NM involves the injection of radiopharmaceuticals or radiotracers
(tracers — compounds labelled with a gamma-ray-emitting or positron-emitting radionuclide) into
the body for the purposes of diagnosis. These pharmaceuticals can also be labelled with alpha- or
beta-emitting radio-isotopes for targeted radionuclide therapy in a variety of benign and
malignant conditions.? Nuclear medicine encompasses both diagnostic and therapeutic aspects
of disease management and thus differs from other clinical medical imaging modalities. The use
of NM in the diagnosis of disease conditions is centred in its ability to detect changes in biological
and physiological processes rather than changes in morphology and anatomy.*®

Numerous studies have reported on the high level of imaging illiteracy amongst practising
physicians and graduating medical students.®”® This has been associated with lack of patient
referral,’ poor quality and inadequate referral,’® poor knowledge of radiation doses for routine
imaging procedures,” and poor awareness of radiation risks.®

Here, we highlight the challenges of undergraduate nuclear medicine teaching, particularly in
South Africa, and emphasise the need for the implementation of guidelines for undergraduate
nuclear medicine education in MBChB programmes in South Africa. Employing nationally
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accepted guidelines for undergraduate nuclear medicine
teaching in South Africa will contribute to the effective
utilisation of nuclear medicine and molecular imaging as a
diagnostic and therapeutic modality by newly qualified
medical practitioners.

Historical perspective of nuclear
medicine

The origin of NM can be traced to the discovery of X-rays,
radioactivity and radium between 1895 and 1898."" X-rays
became the preferred method due to better contrast and speed
of obtaining radiographic images. In 1913, George de Hevesy
pioneered the tracer principle,'? using natural isotopes, which
he applied to study biological (plant and animal) systems in
1923.1% The first human application of the active radiotracer
was carried out by Blumgart and Yens in 1926."* With the
invention of the cyclotron by Ernest Lawrence in the 1930s, it
became possible to artificially produce radionuclides and
obtain images of distribution of radionuclides in the human
body.”® Benedict Cassen invented the rectilinear scanner in
1951,' while in 1958 Hal Anger invented the predecessor
(Anger) camera for the modern gamma cameras." In the early
1960s, a more effective, revolutionary, metastable nuclear
isomer of technetium-99 was produced to replace Iodine-131
(1) for thyroid disorder."

The mathematical algorithms used to reconstruct
tomographic images from a set of angular views around the
patient led to the invention of PET (positron emission
tomography) and SPECT (single photon emission computed
tomography) by Phelps et al.” and Kuhl et al.® respectively.
From 1980 both PET and SPECT have evolved and become
widely available, demonstrating much clinical benefit to
justify its continued medical use.?! Integrated hybrid imaging
combining computed tomography (CT) such as SPECT/CT,
PET/CT and PET/magnetic resonance imaging (MRI) have
become standard practice in NM.

Diagnostic and therapeutic
applications of radionuclides

Widespread clinical use of NM imaging procedures started in
the early 1950s. Nuclear medicine techniques used as diagnostic
tools include radioactive iodine scans (or *™Ic pertechnetate
scan); octreotide-scans; metaiodo-benzyl-guanidine (MIBG)
and parathyroid imaging for endocrinopathies. Positron
emission tomography/computed tomography imaging using
2-[18F] fluoro-2-deoxyglucose ("*F-FDG) has also evolved and
it is being utilised in oncological, infective, vascular and
neurodegenerative disorders.”? Other PET tracers used include
[%¥Ga]-DOTA-NOC used for somatostatin receptor imaging
in neuroendocrine tumours,® ®Ga Prostate Specific
Membrane Antigen (PSMA) in prostate cancer,® and
8F-Dihydroxyphenylalanine (DOPA) in the imaging of
dopaminergic pathways in motor disorders, neuroendocrine
tumours (NETs) and congenital hyperinsulinism.”? NM
imaging procedures are thus an essential part of patient care
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in most medical specialties.”* More recently, with the
advent of peptide receptor radionuclide therapy (PRRT),
radiopharmaceuticals linked to beta emitters such as Lutetium
177(*7Lu) in treating neuroendocrine tumours have gained
much traction.? However, it should be noted that the diagnostic
and therapeutic application of ionising radiation in clinical
medicine, should be kept within a safe limit according to the
ALARA (as low as reasonably achievable) principle.? It is
therefore the responsibility of all healthcare providers to equip
themselves with current and appropriate knowledge about
radiation safety.

Global state of undergraduate
nuclear medicine education

Over the years, the practice of clinical medicine and surgery
has changed dramatically with an increasing reliance on
diagnostic tests.!” The current era of sophisticated radiological
imaging techniques (including nuclear medicine) has put
radiation medicine at the forefront of modern medicine with
an increasing demand for these services in patient
management.® It is therefore essential that medical
practitioners and specialists, as well as medical students, be
provided with a basic knowledge and understanding of
clinical imaging procedures. Medical practitioners should
understand the values, procedures, indications, benefits and
also the contraindications and financial implications of these
technologies in order to optimise their use in improving
patient outcomes.”

Although radiological imaging has undergone significant
changes, these changes are still not fully incorporated and
implemented in undergraduate medical school curricula.®
Radiological and NM training is considered an adjunct or
ancillary subject to clinical modalities and not a ‘core” subject
in medical school curricula.® In a study comprising of 77
European countries, Lass and Scheffler reported that there is a
high level of variation in the undergraduate teaching of
nuclear medicine across countries, with undergraduate
teaching integrated into one of the clinical modules and in
some cases presented in clinical physiology** Similarly,
using an electronic survey on undergraduate teaching
distributed by the European Society of Radiology (ESR) to 38
national delegates of the ESR Education Committee,
Kourdioukova et al.* revealed a large number of differences
in curriculum content and teaching methods throughout
Europe. Furthermore, Moloney et al** reported a minimal
improvement in the knowledge of medical students in
requesting radiological investigations over the course of the
final medical year in the USA, and this was attributed to a
relatively short period of learning in the clinical setting.
Moloney and colleagues further suggested that emphasis on
education and appropriateness may offer an improvement in
the utilisation of radiology services and improve patient care.

Defining the problem

Despite the obvious clinical importance of imaging and
imaging techniques (e.g. Interventional Radiology) in the
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management of disease conditions in patients, undergraduate
medical students receive little or no formal training in clinical
imaging (including NM) for which the students must show
proficiency by passing a test in the subject.® In most medical
colleges, courses in imaging or NM education are presented
as electives with no formal assessment.®'? Rogers® stated that
medical students often perceive radiology and NM electives
as a little vacation from demanding clinical assignments and
study, thus leading to a high level of imaging illiteracy
amongst graduating medical students.® Commander et al.*®
showed that 84% (n = 217 of 259) of preclinical students and
62% of clinical students (n = 110 of 177) at two medical schools
in the USA lacked adequate knowledge of interventional
radiology. Poorly coordinated and abbreviated periods of
learning can have a detrimental effect on patient management
as the majority of new medical graduates have limited
knowledge of various aspects of imaging and imaging
techniques.®*® Hence, providing medical students with
sufficient and precise knowledge regarding different aspects
of radiation and NM is a necessity.*

The European Society of Radiology
recommendations

According to the White Paper by the European Society of
Radiology (ESR) on undergraduate radiological education, a
‘critical core’ curriculum for undergraduate radiological
imaging was recommended to be integrated across the
existing medical curricula.”” The ESR also suggested that
medical schools should ensure that such an important
undergraduate imaging ‘core” curriculum must be delivered
to students according to outcome-based education (OBE)
strategies. They suggested that a ‘core plus’ curriculum
option might also be included.” It is therefore essential for
the radiology/NM departments in various colleges of
medicine to contribute to the education of the next generation
of medical doctors, and no longer ‘willingly cede’ teaching of
clinical imaging procedures to other clinical disciplines
involved in medical education.® The Alliance of Medical
Student Educators in Radiology (AMSER) has also
recommended core topics within nuclear medicine that need
to be covered during the training of undergraduate medical
students.”

The South African perspective

Medical education in South Africa commenced in 1912 in
Cape Town, South Africa, after the first medical school
opened its doors in 1900. Undergraduate medical education
in South Africa is offered at eight Schools of Medicine
located within campus-based universities.*” According to
Burch,* all South African Schools of Medicine have
undertaken major curriculum reform over the past 10 years.
Despite curriculum differences, the exit-level outcomes for
healthcare professionals are the same, as prescribed by the
various regulatory bodies. The introduction of the outcome-
based education (OBE) approach to education in South
Africa brought about major changes in the traditional way
teachers approach the teaching process.* This educational
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strategy revolves around learner-centred, outcome-
orientated activities. Emphasis is placed on an integrated
teaching and training approach, human development and
lifelong learning.*

Specific skills outcomes of MBChB programmes as described
by the Health Professions Act 56 of 1974 (Act No. 56 of 1974)
are that a medical graduate must be able to utilise diagnostic
aids, interpret findings and make diagnoses.* Imaging and
imaging techniques are an integral part of the numerous
diagnostic and therapeutic aids used in contemporary
medical practice. However, no formal directives exist in
South Africa to guide programme directors or nuclear
medicine departments with regard to an appropriate
undergraduate medical nuclear medicine educational
module.’® Six schools of medicine in South Africa are
currently involved in undergraduate nuclear medicine
education,®* where it is taught as part of clinical modules
at varying stages in the academic curriculum.”” These
differences in medical curricula and the absence of
structured undergraduate nuclear medicine education in
two schools of medicine implies that newly qualified doctors
with limited or no exposure to undergraduate nuclear
medicine teaching may lack the necessary knowledge, skills
and right attitude towards imaging modalities and how to
use them appropriately to solve patients” problems. This is
evident in the poor quality and inadequate referrals sent by
newly qualified medical interns and some community-
service doctors to nuclear medicine departments.” In a
survey done to ascertain the knowledge of interns and
registrars working at two academic hospitals (Charlotte
Maxeke Johannesburg Academic Hospital and Chris Hani
Baragwanath Academic Hospital) on the basic principles
and clinical applications of NM, Dhoodhat et al.* reported
that only 41% of the cohort had undergraduate nuclear
medicine exposure. According to Dhoodhat and colleagues,
more than half of the respondents (52%) had less than 5 h of
NM training in their entire curriculum and only 9.9% of
them deemed their undergraduate NM education exposure
to have been sufficient.* Their findings also showed that the
mean NM knowledge score of those participants who had
undergraduate NM exposure was significantly higher than
those who had no exposure. They also commented on the
need to improve undergraduate NM training in South
Africa.*® Similarly, in a study done to investigate doctors’
awareness of diagnostic radiation exposure at Dr George
Mukhari Academic Hospital Ga-Rankuwa, Pretoria, Dauda
et al.® reported that 80% of the 217 participants had no
formal training on radiation exposure. Dauda and colleagues
also advocated for improved teaching on radiation medicine
at undergraduate level

At present, there is only one unpublished study on the
development of a guideline for teaching and learning nuclear
medicine in undergraduate medical education in South
Africa that could be useful in curriculum development.'
However, the guidelines proposed by the author of this
study have never been implemented.
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Conclusion

In conclusion, this article highlights the challenges of
undergraduate nuclear medicine education, more particularly
inSouth Africa,and recognises theneed for theimplementation
of formal guidelines for undergraduate medical nuclear
medicine education in MBChB programmes in South Africa.
The present status quo, i.e. limited undergraduate teaching,
suggests that clinicians are not as knowledgeable on how
radionuclide techniques can help in the management of
patients.” Therefore, patients who could benefit from these
procedures are not referred.” We hope that this article will
generate a wider and more robust conversation between
curriculum planners at the various universities and the
nuclear medicine community as a whole on the need for a
holistic (countrywide) study on the development of a national
guideline for teaching nuclear medicine in undergraduate
medical education in South Africa. Implementation of
nationally accepted guidelines for undergraduate medical
nuclear medicine education in South Africa will contribute to
the effective utilisation of nuclear medicine and molecular
imaging as a modality by newly qualified medical
practitioners (interns and community-service doctors) in the
country.

Recommendations

In order to change the present status quo and enhance the
teaching and learning of NM in the undergraduate MBChB
programmes in South Africa, the researchers propose the
following implementable recommendations:

e Form a nationwide consortium to investigate or research
the educational needs and current challenges of teaching
NM in undergraduate medical education in South
Africa: Such a study should obtain perspectives of
students, educators, curriculum planners and deans of the
various medical schools in the country. Recommendations
made can inform the development of nationwide
guidelines.

e Develop nationwide guidelines for teaching and
learning NM in undergraduate medical education in
South Africa: Curriculum planners at the various
universities and the various NM or radiation medicine
departments countrywide can do this. Such guidelines
should be internationally benchmarked, locally relevant
and must be approved by the regulatory bodies in charge
of undergraduate medical training (i.e. Health Professions
Council of South Africa and the Department of Higher
Education and Training). These guidelines can inform the
development of teaching and learning outcomes, as well
as the mode of teaching.

e Development of a Case-Based Learning (CBL) module
for NM: A CBL module can be developed and integrated
into the current MBChB curricula. The integration of CBL
into the current MBChB curricula provides medical
students with the opportunity to learn NM in a practical
and interactive manner,” and avert unnecessary
lengthening of training duration.
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e Develop a training-platform-sharing model: Medical
colleges with a well-established training platform should
be encouraged to share their training-platforms with
colleges lacking such training platforms. This can be
arranged as directed electives.

Acknowledgements
Competing interests

All authors declare that they have no conflict of interests.

Authors’ contributions

AOA conceptualised and drafted the manuscript. HAA, SM
and ZM gave expert review and contributed to the different
sections of the manuscript. All authors approved the final
copy of the manuscript.

Ethical consideration

This article followed all ethical standards for carrying out
research.

Funding information

This research received no specific grant from any funding
agency in the public, commercial or not-for-profit sectors.

Data availability statement

Data sharing is not applicable to this manuscript as no new
data were created.

Disclaimer

The views and opinions expressed in this article are those of
the authors and do not necessarily reflect the official policy or
position of any affiliated agency of the authors.

References

1. Cherry SR, Sorenson JA, Phelps ME. Physics in nuclear medicine. Amsterdam,
Netherlands. Elsevier Health Sciences; 2012.

2. Morgan R. Protecting and improving health through the radiological sciences. A
report to the surgeon general, prepared by the National Advisory Committee on
Radiation. Washington, DC: US Public Health Service; 1966.

3. Yordanova A, Eppard E, Kiirpig S, et al. Theranostics in nuclear medicine practice.
Onco Targets Ther. 2017;10:4821. https://doi.org/10.2147/0TT.5140671

4. Sarkar SD, editor. Benign thyroid disease: What is the role of nuclear medicine?
Seminars in nuclear medicine. Elsevier; 2006.

5. Gyorke T, Duffek L, Bartfai K, et al. The role of nuclear medicine in inflammatory
bowel disease. A review with experiences of aspecific bowel activity using
immunoscintigraphy with 99m Tc anti-granulocyte antibodies. Eur J Radiol.
2000;35(3):183-192. https://doi.org/10.1016/5S0720-048X(00)00241-2

6. Rogers LF. Imaging literacy: A laudable goal in the education of medical students.
Am J Roentgenol. 2003;180(5):1201. https://doi.org/10.2214/ajr.180.5.1801201

7. Moifo B, Tene U, Tapouh M, et al. Knowledge on irradiation, medical imaging
prescriptions, and clinical imaging referral guidelines among physicians in a sub-
Saharan African country (Cameroon). Radiology Research and Practice.
2017;2017. https://doi.org/10.1155/2017/1245236

8. Dauda AM, Ozoh JO, Towobola OA. Medical doctors’ awareness of radiation
exposure in diagnostic radiology investigations in a South African academic
institution. SA J Radiol. 2019;23(1):1-7. https://doi.org/10.4102/sajr.v23i1.1707

9. Prvulovich E, BomanijiJ. The role of nuclear medicine in clinical investigation. BMJ.
1998;316(7138):1140-1146. https://doi.org/10.1136/bm;j.316.7138.1140

10. NEL MG. Guidelines for undergraduate nuclear medicine education in the MBChB
programmes in South Africa. Mini-dissertation. Bloemfontein: University Of The
Free State; 2015.



http://www.sajr.org.za�
https://doi.org/10.2147/OTT.S140671�
https://doi.org/10.1016/S0720-048X(00)00241-2�
https://doi.org/10.2214/ajr.180.5.1801201�
https://doi.org/10.1155/2017/1245236�
https://doi.org/10.4102/sajr.v23i1.1707�
https://doi.org/10.1136/bmj.316.7138.1140�

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Mould RF. A century of X-rays and radioactivity in medicine: With emphasis on
photographic records of the early years. Boca Raton, FL. CRC Press; 1993.

De Hevesy G. Radioelements as tracers in chemistry and physics. Chem News.
1913;108:166.

Hevesy G. The absorption and translocation of lead by plants: A contribution to
the application of the method of radioactive indicators in the investigation of the
change of substance in plants. Biochem J. 1923;17(4-5):439.

Blumgart HL, Yens OC. Studies on the velocity of blood flow: I. The method
utilized. J Clin Investig. 1927;4(1):1. https://doi.org/10.1172/JC1100106

Lawrence EQ, Livingston MS. The production of high speed light ions without the use
of high voltages. Phys Rev. 1932;40(1):19. https://doi.org/10.1103/PhysRev.40.19

Cassen B, Curtis L, Reed C, Libby R. Instrumentation for I-131 use in medical
studies. Nucleonics. 1951;9(2):46-50.

Anger HO. Scintillation camera. Rev Sci Instrum. 1958;29(1):27-33. https://doi.
org/10.1063/1.1715998

Harper P, Lathrop K, Jiminez F, Fink R, Gottschalk A. Technetium 99m as a Scanning
Agent 1. Radiology. 1965;85(1):101-109. https://doi.org/10.1148/85.1.101

Phelps ME, Hoffman EJ, Mullani NA, Ter-Pogossian MM. Application of annihilation
coincidence detection to transaxial reconstruction tomography. J Nucl Med.
1975;16(3):210-224.

Kuhl DE, Edwards RQ, Ricci AR, Yacob RJ, Mich TJ, Alavi A. The mark IV system for
radionuclide computed tomography of the brain 1. Radiology. 1976;121(2):
405-413. https://doi.org/10.1148/121.2.405

Hutton BF. The contribution of medical physics to nuclear medicine: Looking back - a
physicist’s perspective. EJNMMI Phys. 2014;1(1):2. https://doi.org/10.1186/2197-
7364-1-2

Boellaard R, Delgado-Bolton R, Oyen WJ, et al. FDG PET/CT: EANM procedure
guidelines for tumour imaging: version 2.0. Eur J Nucl Med Mol Imag.
2015;42(2):328-354. https://doi.org/10.1007/s00259-014-2961-x

ChopraA. 68Ga-Labeled (1, 4, 7, 10-tetraazacyclododecane-N, N’, N, N"”’-tetraacetic
acid)-1-Nal3-octreotide. Molecular Imaging and Contrast Agent Database (MICAD).
Bethesda, MD. National Center for Biotechnology Information (US); 2009.

Corfield J, Perera M, Bolton D, Lawrentschuk N. 68 Ga-prostate specific membrane
antigen (PSMA) positron emission tomography (PET) for primary staging of high-
risk prostate cancer: A systematic review. World J Urol. 2018;36(4):519-527.
https://doi.org/10.1007/s00345-018-2182-1

Chondrogiannis S, Marzola MC, Al-Nahhas A, et al. Normal biodistribution pattern and
physiologic variants of 18F-DOPA PET imaging. Nucl Med Comm. 2013;34(12):1141.
https://doi.org/10.1097/MNM.0000000000000008

Brink A. More about ... Nuclear medicine: The use of nuclear medicine in
childhood. 2013. Continuing Medical Education. 31(8):1-2.

Ostensen H, Ingolfsdottir G, Munro L, Diagrammes AL, Conway M, Walters F.
Basics of radiation protection for everyday use how to achieve ALARA: Working
tips and guidelines. Geneva: WHO; 2004.

Shaikh M, Shaygi B, Asadi H, et al. The introduction of an undergraduate
Interventional Radiology (IR) curriculum: Impact on medical student knowledge
and interest in IR. Cardiovasc Interventional radiology. 2016;39(4):514-521.
https://doi.org/10.1007/s00270-015-1215-z

Pascual TN, Chhem R, Wang S-C, Vujnovic S. Undergraduate radiology education
in the era of dynamism in medical curriculum: An educational perspective.
Eur J Radiol. 2011;78(3):319-325. https://doi.org/10.1016/j.ejrad.2010.08.039

Subramaniam R, Hall T, Chou T, Sheehan D. Radiology knowledge in new medical
graduates in New Zealand. 2005. N Z Med J. 118(1224):U1699. PMID: 16258575

Page 5 of 5 . Opinion Paper

31.

32.

33.

34.

35.
36.
37.
38.

39.
40.
41.

42.

43.

44,

45.

46.

47.

Lass P, Scheffler J. Undergraduate teaching of nuclear medicine in European
universities. Eur J Nucl Med Mol Imag. 2003;30(7):1018-1023. https://doi.
org/10.1007/s00259-003-1191-4

Ell PJ. Undergraduate teaching of radiology and nuclear medicine. Eur J Nucl Med.
1997;24(9):1081. https://doi.org/10.1007/BF01254236

Kourdioukova EV, Valcke M, Derese A, Verstraete KL. Analysis of radiology
education in undergraduate medical doctors training in Europe. Eur J Radiol.
2011;78(3):309-318. https://doi.org/10.1016/j.ejrad.2010.08.026

Moloney BM, McCarthy CE, Byrne D, McVeigh TP, Kerin MJ, McCarthy PA.
Teaching radiology to medical students — There is a need for change to better
prepare students for clinical practice. Elsevier; 2017. Academic Radiology.
24(4):506-513.

Commander CW, Pabon-Ramos WM, Isaacson AJ, Yu H, Burke CT, Dixon RG. Assessing
medical students’ knowledge of IR at two American medical schools. J Vasc Intervent
Radiol. 2014;25(11):1801-1807. https://doi.org/10.1016/j.jvir.2014.06.008

Mubeen SM, Abbas Q, Nisar N. Knowledge about ionising and non-ionising
radiation among medical students. J Ayub Med Coll Abbottabad. 2008;20(1):
118-121.

Radiology ESo. Undergraduate education in radiology. A White Paper by the
European Society of Radiology. Insights Imaging. 2011;2(4):363-374. https://doi.
0rg/10.1007/s13244-011-0104-5

Gunderman RB, Siddiqui AR, Heitkamp DE, Kipfer HD. The vital role of radiology in
the medical school curriculum. Am J Roentgenol. 2003;180(5):1239-1242.
https://doi.org/10.2214/ajr.180.5.1801239

Association of University Radiologist. AMSER National Medical Student Curriculum
in Radiology [homepage on the Internet]. 2012 [cited 2020 Feb 04]. Available from:
https://www.aur.org/uploadedFiles/Alliances/AMSER/AMSER_Learning_
Objectives_By_Course.pdf

Van der Merwe, L.J., Van Zyl, G.J., Gibson, A.S.C., Viljoen, A., Iputo, J.E., Mammen,
M., Chitha, W., Perez, A.M., Hartman, N., Fonn, S. and Green-Thompson, L., 2016.
South African medical schools: Current state of selection criteria and medical
students’ demographic profile. South African Medical Journal, 106(1), pp.76-81.
https://doi.org/10.7196/SAMJ.2016.v106i1.9913

Burch VC. Medical education in South Africa: Assessment practices in a developing
country. Psychology. 2007. Department of Psychology, Erasmus School of Social
and Behavioural Sciences. Erasmus University Rotterdam, Rotterdam, Netherlands.

Beets P, Le Grange L. Africanising’ assessment practices: Does the notion of
ubuntu hold any promise? S Afr J Higher Educ. 2005;19(Special Edition 1):
1197-1207. https://doi.org/10.4314/sajhe.v19i7.50216

De Vos AS. Research at grass roots: For the social sciences and human services
professions. Van Schaik; 2002. Pretoria:Van Schaik.

Health Professions Council of South Africa. The Health Professions Act, 1974 (Act
No. 56 of 1974): Regulations relating to the registration of students, undergraduate
curricula and professional examinations in medicine [homepage on the Internet].
2020 [cited 2020 Feb 04)]. Available from: https://www.hpcsa.co.za/Uploads/
MDB/Rules%20%26%20Regulations/regulations_gnr_139_2009.pdf

Ellmann A, editor. Getting the interest of students into the specialty: Promoting
nuclear medicine in the undergraduate curriculum and clinical rotations. In: 9th
Asia-Oceania Congress in Nuclear Medicine Education and Training. 2008
November 01. New Delhi.

Dhoodhat S. Assessment of doctors in training — at two academic hospitals —
Knowledge of the basic principles and clinical applications of nuclear medicine.
Johannesburg: University of the WitWatersrand; 2016.

Lee B-F, Chiu N-T, Li C-Y. Value of case-based learning in a nuclear medicine clerkship.
J Am Coll Radiol. 2013;10(2):135-141. https://doi.org/10.1016/j.jacr.2012.07.015

http://www.sajr.org.za . Open Access



http://www.sajr.org.za�
https://doi.org/10.1172/JCI100106�
https://doi.org/10.1103/PhysRev.40.19�
https://doi.org/10.1063/1.1715998�
https://doi.org/10.1063/1.1715998�
https://doi.org/10.1148/85.1.101�
https://doi.org/10.1148/121.2.405�
https://doi.org/10.1186/2197-7364-1-2�
https://doi.org/10.1186/2197-7364-1-2�
https://doi.org/10.1007/s00259-014-2961-x�
https://doi.org/10.1007/s00345-018-2182-1�
https://doi.org/10.1097/MNM.0000000000000008�
https://doi.org/10.1007/s00270-015-1215-z�
https://doi.org/10.1016/j.ejrad.2010.08.039�
https://doi.org/10.1007/s00259-003-1191-4�
https://doi.org/10.1007/s00259-003-1191-4�
https://doi.org/10.1007/BF01254236�
https://doi.org/10.1016/j.ejrad.2010.08.026�
https://doi.org/10.1016/j.jvir.2014.06.008�
https://doi.org/10.1007/s13244-011-0104-5�
https://doi.org/10.1007/s13244-011-0104-5�
https://doi.org/10.2214/ajr.180.5.1801239�
https://www.aur.org/uploadedFiles/Alliances/AMSER/AMSER_Learning_Objectives_By_Course.pdf
https://www.aur.org/uploadedFiles/Alliances/AMSER/AMSER_Learning_Objectives_By_Course.pdf
https://doi.org/10.7196/SAMJ.2016.v106i1.9913
https://doi.org/10.4314/sajhe.v19i7.50216�
https://www.hpcsa.co.za/Uploads/MDB/Rules%20%26%20Regulations/regulations_gnr_139_2009.pdf�
https://www.hpcsa.co.za/Uploads/MDB/Rules%20%26%20Regulations/regulations_gnr_139_2009.pdf�
https://doi.org/10.1016/j.jacr.2012.07.015�

