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Abstract

The International Atomic Energy Agency (IAEA) developed a staffing model to estimate the number of clinically qualified
medical physicists (CQMP) that are required in an imaging facility, including diagnostic radiology and nuclear medicine.
For the first time this staffing model was applied on a large scale across Africa. Within the framework of the IAEA African
Regional Agreement (AFRA) Technical Cooperation (TC) project RAF6/053 entitled “Enhancing Capacity Building of
Medical Physics to Improve Safety and Effectiveness of Medical Imaging (AFRA)”, a survey based on the IAEA staffing
model was used to investigate the current CQMP workforce needs in imaging and radionuclide therapy in Africa in order to
establish a baseline, identify gaps and suggest steps for improvement. The survey was open for five months, after which data
verification was performed. 82 responses were received from 21 countries, including data from 97 diagnostic radiology and
40 nuclear medicine departments, as well as 75 interventional radiology departments and/or catheterization laboratories. Only
26-8% of centres employed an adequate number of CQMPs. The staffing model indicated that 134-3 CQMPs were required
for these centres, but only 63 are currently employed in medical imaging and/or nuclear medicine at these centres. At least
11 countries do not have a single institution with an adequate number of CQMPs. Data analysis indicated that the number of
radiology and nuclear medicine CQMPs is largely inadequate, at least by a factor of 20 in almost all countries in the region.
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1 Strengths and limitations of the study — The severe shortage of medical physicists in Africa was
partially quantified.
— Results of the study will be biased towards centres that
— The study applied a well-established imaging medical actually employ medical physicists, as these were the
physics staffing model on a large scale across Africa. main respondents of the staffing survey.

— This is the first study to broadly investigate the staffing
model across a whole region.
2 Introduction
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. Medical imaging is technologically advanced, and the
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wide availability of services has resulted in a signifi-

I Division of Medical Physics, Tygerberg Hospital cant increase in applications and in global utilization [1,
and Stellenbosch University, Cape Town, South Africa 2]. Medical physics deals with the application of phys-
2 Medical Physics Department, School of Nuclear and Allied ics principles to medicine and plays an important role in
Sciences, University of Ghana, Accra, Ghana the prevention, diagnosis, and treatment of disease [3].
3 Medical Physics Department, Nuclear Research Centre According to the International Labour Organisation, medi-
of Algiers, Algiers, Algeria cal physicists are considered an integral part of the health
4 International Atomic Energy Agency, Vienna, Austria workforce, with one of the listed tasks being “ensuring the
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safe and effective delivery of radiation (ionising and non-
ionising) to patients to achieve a diagnostic or therapeutic
result as prescribed by a medical practitioner” [4]. The
importance of the role of the clinically qualified medical
physicist (CQMP) in radiotherapy, diagnostic and inter-
ventional radiology, as well as nuclear medicine, is well
described [5]. Of the 54 countries in Africa, only 6 pres-
ently have legislative recognition of medical physics as a
health profession [6]. Lack of professional recognition has
consequences on the staffing levels of medical physicists
in medical imaging and radionuclide therapy. Low staffing
levels, including in imaging medical physics can nega-
tively impact the quality of services, resulting in increased
waiting times for diagnostic scans, for instance [7]. The
application of radionuclide therapies in nuclear medicine
requires the skills of appropriately trained CQMPs for
good practice and dosimetry, for instance [8, 9].

According to the recent Lancet Oncology Commission
report on medical imaging and nuclear medicine, there is
a lack of medical physicists to support diagnostic radiol-
ogy and nuclear medicine theranostics in Low-and Middle-
Income Countries (LMICs) [1]. In 2015, Atun et al. pro-
jected that in 2035 a total of 22,100 CQMPs would be
needed to deliver effective radiotherapy in LMICs world-
wide, and a call for action was made for 6000 additional
CQMPs to be trained by 2025 [10]. However, the publication
did not include the medical physics staffing needs of medi-
cal imaging and radionuclide therapy. Furthermore, system-
atic data on the availability of medical imaging and nuclear
medicine equipment in LMICs has not been performed [1].
There are therefore scant data on the numbers and distribu-
tion of health professionals involved in providing imaging
services—including CQMPs among others. The most recent
estimate for the number of CQMPs in Africa is 1041, with
about three-quarters working in radiotherapy [11]. There-
fore, many imaging and radionuclide therapy facilities in
Africa operate without any CQMPs.

In 2017, the International Atomic Energy Agency
(IAEA) developed a comprehensive staffing model that
estimates the required number of CQMPs in imaging
and radionuclide therapy based on good practices, rather
than just meeting minimum regulatory requirements [12].
Within the framework of the IAEA African Regional
Agreement (AFRA) Technical Cooperation (TC) pro-
ject RAF6/053 entitled “Enhancing Capacity Building of
Medical Physics to Improve Safety and Effectiveness of
Medical Imaging (AFRA)”, a survey based on the JAEA
staffing model was used to investigate the current CQMP
workforce needs in imaging and radionuclide therapy in
Africa in order to establish a baseline, identify gaps and
suggest steps for improvement.
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3 Method & materials

The survey was opened for five months in 2020. The rec-
ommended IAEA methodology on medical physics staffing
levels [12] in imaging and radionuclide therapy services
is based on the requirements outlined in the International
Basic Safety Standards—General Safety Requirements
Part 3 [13] and explicitly considers the activities and fac-
tors pertaining to the roles and responsibilities of CQMPs
as they are described in the IAEA Human Health Series
Report No. 25 [5].

The survey was directed to health facilities in Africa
and disseminated at the national level through different
channels, including the IAEA TC project counterparts and
the Federation of African Medical Physics Organizations
(FAMPO) membership. The survey considered six key
factors as described in the IAEA workforce methodology
[12]:

1) number and complexity of equipment, devices, and
rooms,

2) annual number of patient procedures,

3) radiation protection and safety related activities, includ-
ing responsibilities related to occupationally exposed
staff,

4) service-related factors (clinical audits, equipment speci-
fications, quality management, radiation exposure man-
agement, etc.),

5) clinical training of other medical physicists and health
professionals,

6) time dedicated to academic teaching, training, research,
and continuous professional development.

The model estimates the number of required CQMPs by
applying weighting factors in terms of full-time equivalent
(FTE) CQMPs per input variable per key factor. If input
data are not all available, the model will underestimate the
staffing. An efficiency of scale factor takes into account
that for large medical physics services, significant efficien-
cies can be achieved, for example combining the roles of
radiology and nuclear medicine CQMPs into one service
department or providing services to a group of hospitals,
in order to share resources and know-how.

After receiving all responses, designated experts from
the region were requested to verify the accuracy of data
provided, correct any discrepancies or inconsistencies by
communicating with the participating health facilities and
obtain further clarification as required. Furthermore, the
data from the respondents were compared to recently pub-
lished estimates of imaging and nuclear medicine CQMPs
in Africa [11].



Health and Technology

4 Results

A total of 82 responses were received from 21 coun-
tries (Algeria, Benin, Burkina Faso, Cameroon, Congo,
Cote d’Ivoire, Egypt, Ghana, Kenya, Libya, Mauritania,
Morocco, Namibia, Niger, Nigeria, Senegal, South Africa,
Sudan, Tanzania, Tunisia, and Uganda). Some respond-
ents reported data from more than one imaging or nuclear
medicine department. Thus, responses included data from
97 diagnostic radiology and 40 nuclear medicine depart-
ments, and also included data from 75 interventional radi-
ology departments and/or catheterization laboratories.

The nuclear medicine imaging equipment reported were
32 single-photon emission computed tomography (SPECT)
systems, 19 SPECT-Computed Tomography (CT) systems,
16 Positron Emission Tomography (PET)-CT systems and
4 cyclotrons. No PET-Magnetic Resonance Imaging (MRI)
units were reported. Other nuclear medicine equipment
included 11 thyroid uptake probes, 64 activity meters, 22
sentinel lymph node probes, 61 isotope generators and 26
gamma counters. Radiology equipment included 133 CT
scanners, 311 fixed radiographic units, 80 mammography
units, 214 fluoroscopy units, 126 interventional fluoros-
copy units, 180 portable units, 61 intra-oral X-ray units,
24 dual energy X-ray absorptiometry (DEXA) units, 408
Computed Radiography (CR) detectors, 195 Digital Radi-
ography (DR) units, 417 image display devices, 68 MRI
scanners, 326 ultrasound units, 420 reading and printing
devices, and 69 dark room wet processors. A total of 7.106
outpatient and 2.245 inpatient radionuclide therapy proce-
dures were captured. The data show that digital imaging
and radionuclide therapy are in widespread use.

As far as the annual patient workload is concerned,
a total of 19.481 non-imaging procedures and 268.240
imaging procedures were reported in nuclear medicine.
For radiological imaging, a total of 1.414.752 planar
X-ray procedures, 604.597 CT examinations, and 70.366
interventional radiology and cardiology procedures were
reported. Data show substantial patient workload in sur-
veyed clinical institutions.

The CQMPs were responsible for the monitoring of
6.640 occupationally exposed staff, which implies that the
CQMPs were also acting as radiation protection or safety
officers in many hospitals, adding an additional workload
to the routine clinical duties.

Based on the survey input related to time dedicated to
education and professional matters, the ratio of supervisor
to residents exceeded the recommended 1:2 [14] in some
centres in five countries (Algeria, Egypt, Libya, Maurita-
nia, Tunisia). Three countries (Nigeria, Sudan, Tanzania)
indicated that some medical physics residents were not
supervised by on-site CQMPs.

Each centre applied the IAEA staffing algorithm [12] to
determine whether the number of CQMPs met the required
needs. The results show that only 22 of 82 centres (26.8%)
employed an adequate number of CQMPs. 63 CQMPs are
dedicated to medical imaging and/or nuclear medicine,
whereas the staffing model indicated that 134-3 CQMPs
were required for these centres. 38 medical physics residents
are being trained across the centres that were surveyed.

Figure 1 shows the number of respondents per country,
colour coded to indicate centres with an adequate (green)
or inadequate (red) number of CQMPs. It should be noted
that the survey does not indicate whether the facilities are
adequate to cover the national population medical imaging
and nuclear medicine needs, but only shows whether the
number of CQMPs is adequate based on the six factors used
by the IAEA staffing model. The figure shows that at least
11 countries do not have a single institution with an adequate
number of CQMPs.

The country summary of the number of CQMPs that
are recommended by the IAEA algorithm (blue) versus the
available number (orange) is shown in Fig. 2. These results
clearly indicate that in most of the centres surveyed, the
number of CQMPs is insufficient based on the services that
were reported.

5 Discussion

In a recent publication [11], dedicated to the development
of medical physics in Africa, several countries provided
national data on the status of education and training pro-
grammes in medical physics [15-22]. The number of imag-
ing and nuclear medicine medical physicists per country was
extracted from the publication [11] and is shown in Fig. 3.
The 63 CQMPs included in the survey results from this work
are therefore a subset of the total number of 251 imaging and
nuclear medicine medical physicists in Africa.

The International Organization for Medical Physics col-
lected data in 2018 on the global imaging and radiotherapy
medical physics workforce [23]. In that survey, 18 African
countries responded, 13 of which were also included in a
survey in 2019 [11]. The changes in the medical physics
staffing that were reported from these 2 surveys are shown
in Table 1. The data indicate that the number of CQMPs
increased in almost all countries in Africa between 2018
and 2019.

Data of 32 African countries obtained from Ige et al. [11],
were then used to determine the number of imaging and
nuclear medicine CQMPs per million population in Africa
(population data from [24]). As seen in Fig. 4, it was found
that only one country (Egypt) has more than 1 CQMP sup-
porting imaging per million inhabitants. Four countries
(Libya, Mauritania, Namibia, South Africa) have between
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Fig.1 The CQMP staffing levels that were reported by the centres that responded to the survey from 21 African countries. The adequacy of
staffing levels is indicated in relation to the level recommended by the activity-based IAEA staffing model [12]

0-5-1 imaging and nuclear medicine medical physicists per
million population. In all remaining countries, the ratio is
less than 0-5 imaging and nuclear medicine CQMPs per
million.

Owing to the limited number of respondents to this
survey, it is difficult to extrapolate the total number of
CQMPs required to support medical imaging in Africa.
The responses of the IAEA staffing survey were correlated
with published imaging and nuclear medicine equipment
data to determine the staffing shortfall. Eight responses were
received from Algeria, three from Egypt, nine from Ghana,
twelve each from Morocco and Nigeria, five from South
Africa and one from Tanzania. Published datasets from these
7 African countries [15, 17, 19, 21, 25-27] were consulted
to estimate the availability of radiology equipment in these
countries in order to provide some reasonable estimates of
needs. Nuclear medicine equipment data was obtained from
the IAEA IMAGINE database [28]. These data are repre-
sented in Table 2.

The extrapolation does not take into account the entire
spectrum of the CQMP’s roles and responsibilities, but only
equipment related factors; nevertheless, it gives some insight
into the dire need for CQMPs.

@ Springer

For Algeria, the survey covered 64 of about 3000 X-ray
units (2-1%), 7 of 281 mammography units (2-5%) and
20 of 574 CT scanners (3-5%). For nuclear medicine, 3
SPECT (8:6%) and 1 PET/CT (16-7%) was reported. A
total of eight CQMPs (corresponding to a 47% response
rate of the imaging and nuclear medicine medical physi-
cists working in the country) working at the eight centres
responded (2-7 less than recommended by the algorithm).
At least a 20-fold increase in the number of imaging and
nuclear medicine CQMPs is needed to support the equip-
ment in the country.

For Egypt, these numbers were 32 of 3852 X-ray units
(0-8%), 9 of 185 mammography units (4-9%) and 12 of 725
CT scanners (1-7%). For nuclear medicine, 4 SPECT (5-4%)
and 7 PET/CT (35-0%) scanners were reported. The three
Egyptian centres required 21-5 FTE CQMPs, but only 6 FTE
CQMPs were reported.

For Ghana, 45 of 322 X-ray units were included (14-0%),
12 of 18 fluoroscopy units (66-7%), 8 of 17 mammogra-
phy units (47-1%) and 14 of 28 CT scanners (50-0%). Only
one SPECT system was reported in the survey. The staffing
algorithm recommended 7-3 FTE CQMPs for the data sup-
plied, but only three FTE CQMPs were available at these
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the survey, indicating the shortfall in each case

centres. Apart from X-ray units, the survey covered around
half of the existing imaging and nuclear medicine equip-
ment, requiring 7-3 FTE CQMPs. Ghana currently employs
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14 imaging and nuclear medicine CQMPs [11], which is
an indication that the existing equipment is covered by the
existing CQMP workforce.

Fig.3 Number of imaging and nuclear medicine medical physicists in African countries extracted from a 2019 survey (Total Number: 251) [11]
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Table 1 Percentage change in imaging and therapy medical physics
numbers from previously published global workforce surveys

Global FAMPO data  Percentage
workforce (2019) [11] change from
(2018) [23] 2018-2019
Algeria 36* 129 258-3%
Cameroon 2 2 0.0
Egypt 200 374 87-0
Ghana 58 58 0-0
Kenya 4 7 75-0
Morocco 36 61 69-4
Namibia 6 6 0-0
Nigeria 100 100 0-0
Senegal 2 3 50-0
South Africa  185%%* 136 (-26-5)%**
Sudan 28 28 0-0
Tanzania 4 4 0-0
Tunisia 17 37 117-6

*This number corresponds to the number of CQMPs in 2006 but was
the one quoted in paper in 2018

*#%2018 data from South Africa is the member number of the South
African Association of Physicists in Medicine and Biology, which
also includes retired members, institutional members, affiliated mem-
bers, and radiobiologists. The association had 113 full members in
2018 and increased to 127 full members at the time of the survey

For Morocco, the survey covered 73 of 4500 X-ray units
(1-6%), 11 of 110 mammography units (10-0%) and 24 of
360 CT scanners (6-7%). For nuclear medicine, 1 SPECT
and 1 SPECT/CT (7-1%) system was reported. The staffing
algorithm indicated a shortage of 11-5 FTE CQMPs and
indicated that over 90% of the imaging equipment is not
supported by CQMPs.

For Nigeria, the survey covered only 47 X-ray units of
approximately 3000 in the country (1-6%), 11 of 60 mam-
mography units (18-3%) and 13 of 150 CT scanners (8-7%).
For nuclear medicine, 1 SPECT and 1 SPECT/CT system
(66-7%) was reported. The Nigerian centres reported ade-
quate staffing in 8 of the 12 centres according to the IAEA
staffing model. However, this survey included all imaging
and nuclear medicine CQMPs from Nigeria. With only 1-6%
of X-ray units included, about 20% of mammography units
and less than 10% of all CT scanners known to be installed
in the country, the staffing levels are significantly below the
needs.

For South Africa, the survey reported on CQMP staffing
levels for 93 of approximately 1844 licensed X-ray units
(5:0%), 7 of 263 licensed mammography units (2-7%), 15
of 265 licensed CT scanners (5-7%) and 6 of 154 licensed
MRI scanners (3-9%). However, the survey obtained infor-
mation for 182 of 350 fluoroscopy units (52-0%); 146 of
these units are installed in one hospital group. Data were

@ Springer

reported on 14 of approximately 90 gamma cameras /
SPECT / SPECT-CT units in the country (15-6%) and 3 of
10 PET-CT scanners (30-0%). The responses returned a need
for 27-3 FTE CQMPs as per the staffing algorithm but only
12 FTE CQMPs were reported. Only one of the five centres
was adequately staffed. Assuming that 27-3 FTE CQMPs
service 10% of the current imaging and nuclear medicine
needs, then approximately 270 imaging and nuclear medi-
cine CQMPs are required to cover existing services in South
Africa.

For Tanzania, the single survey response was as follows:
5 of 405 X-ray units were included (1-2%), 2 of 45 fluoros-
copy units (4-5%), 1 of 14 mammography units (7-2%), 1
of 19 CT scanners (5:3%) and 3 SPECT and 1 SPECT/CT
(100%). The staffing model required 7-1 FTE CQMPs for the
one centre that responded; however, none were employed
there, and only two nationally [7]. Two thousand (2000)
patient exposure calculations were reported for high-dose
procedures per year. Nevertheless, a 20-fold increase in
CQMP numbers would not offer adequate staffing levels to
support the existing number of imaging and nuclear medi-
cine equipment in Tanzania.

The World Health Organization (WHO) recognizes basic
diagnostic imaging services as vital to any healthcare system
and suggests that one basic radiographic X-ray system and
ultrasound unit for every 50.000 people would address 90%
of global imaging needs [25, 29]. Based on Africa’s popu-
lation of approximately 1-3 billion, this equates to 26.000
X-ray units needed for basic service delivery, and according
to the IAEA staffing model, these units alone would require
266 FTE CQMP:s for periodic performance testing and qual-
ity control, excluding any other factors (radiation safety,
patient workload levels, etc.).

According to Ige et al. [11], there are 137 CQMPs
employed in diagnostic radiology in Africa, and 124 in
nuclear medicine. Egypt employs more than half of imag-
ing and nuclear medicine CQMPs on the continent and
only 119 FTE imaging and nuclear medicine CQMPs cover
the needs of the other approximately 1.2 billion population
in Africa.

The data in this survey was supplied by CQMPs provid-
ing radiology and/or nuclear medicine medical physics ser-
vices and therefore did not capture data from centres without
CQMP support. The survey returned some basic data on
clinical medical physics training, which is not performed
at all centres. Unfavourable supervisor-to-residents ratios
(< 1:2) [14], or centres with residents without supervisors,
will significantly affect the quality of medical physics ser-
vices. National or regional academic and clinical training
programmes are needed to increase the number of CQMPs in
Africa. To this end, IAEA regional TC projects supporting
radiotherapy and medical imaging (radiology and nuclear
medicine) physics developed a harmonized syllabus for the
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Fig.4 Estimated number of imaging and nuclear medicine medical physicists per million population in Africa

education of medical physicists in Africa [14]. The sylla-
bus includes both academic and clinical training compo-
nents. However, many countries in Africa have not initiated
national programmes [11].

Considerable efforts remain to be made in most of the
countries of the region to address the lack of CQMPs and
to sustain the profession of medical physicist, including
those in radiology and nuclear medicine. This necessarily
involves the establishment of a framework for the recogni-
tion of the profession of medical physicist by the health

authority, which in turn requires recognition of national
or regional academic and clinical training programmes in
medical physics. The IAEA recently published guidance
for the certification of CQMPs [30], including criteria for
the establishment of national certification bodies, pro-
cesses for the registration of CQMPs and recommenda-
tions for CQMP continuous professional development.

National medical physics associations and international
organisations also play an important role in the promotion
of the medical physics profession.

@ Springer
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Table 2 Radiology and nuclear medicine equipment availability in 7 African countries obtained from other sources as indicated

Year [Ref]  Country Population  No. of units per million population
[miltion] General X-Ray  Fluoroscopy = Mammography  CT MRI  PET  SPECT,

SPECT/CT
(2020 data from
IMAGINE)[28]

2014 [25] Tanzania 44-9 9-020 1-00 0-31 0-42 009 000 0-05

2015 [26] South Africa  53-0 34-80 6-60 496 5-00 290 016 147

2016 [27] Ghana 25-0 12-88 072 0-68 1-12 0-00 000 0-07

2019 [15] Algeria 43.4 69-11 1-15 6-47 1322 346 002 081

2019 [17] Egypt 992 38-83 6-27 1-86 7-31 232 052 074

2019 [19] Morocco 350 128-57 171 3-14 1029 114 029 077

2019 [21] Nigeria 201-0 1493 0-04 0-30 0-75 0-42 000 0-01

6 Conclusion

This is the first study to broadly investigate the radiology
and nuclear medicine CQMP workforce based on the IAEA
methodology at a regional level. The results of the survey
show that the number of CQMPs in Africa is insufficient.
It is also evident that an extrapolation to determine the
estimated number of CQMPs to cover current services has
very large uncertainties. This survey focused only on the
staffing needs at the facility level and not at the country
level. It should be noted that the number of CQMPs per
million population is not an indication of the sophistica-
tion or size of an imaging service infrastructure, or how
evenly services are divided across a country, or even within
a single city. From the data analysis, the number of radiol-
ogy and nuclear medicine CQMPs is largely inadequate, at
least by a factor of 20 in almost all countries in the region.

In order to accelerate reasonable capacity building
for CQMPs in Africa, CQMPs are encouraged to initiate
national clinical training programmes using the resources
that are available, in compliance with national, international,
or regional guidelines, recommendations and standards.

Several steps can be undertaken to try to improve the
situation such as:

1. Inclusion of CQMPs in the clinical routine: An increased
awareness of the roles and responsibilities of a CQMP in
diagnostic radiology and nuclear medicine in the every-
day clinical routine will encourage the employment of
CQMPs.

2. Regulatory infrastructure: Regulations in compliance
with the International Basic Safety Standards [13] to
support the recognition and employment of CQMPs.

3. Professional certification for CQMPs: Certification of
CQMPs as health professionals should be encouraged
to promote recognition of medical physics.

@ Springer

4. The number of academic and clinical training programmes
must be expanded to guarantee a steady increase in the
number of CQMPs in the region. Furthermore, graduates
from these programmes, or those training abroad, must
be employed as CQMPs upon return to their countries,
encouraged to disseminate their knowledge and in turn
set up training programmes in facilities, if resources allow
and protected time is provided for this responsibility.
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