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Background. Globally, the aim of requirements regarding the use and ownership of diagnostic medical X-ray equipment is to limit radiation by
abiding by the ‘as low as reasonably achievable’ (ALARA) principle. The ignorance of radiographers with regard to radiation safety requirements,
however, is currently a cause of concern. The enhancement of the 4-year radiography curriculum leading to a Bachelor’s qualification provides an
opportunity to explore the training and assessment to meet, among others, the ALARA principle, which addresses national and international concerns
and criteria. Healthcare workers outside the scope of radiography, who are also considered radiation workers, may be even more ignorant and are
therefore also implicated. The process of investigation included a contextualisation of the available regulation documents, the Delphi technique to
determine the content of the training, and a questionnaire to test students’ knowledge before and after training.
Objectives. To determine the content of the radiation safety requirements training and assessment to implement standardised teaching, learning
activities and assessment to prepare radiographers as radiation workers well trained for practice.
Methods. The content of the radiation safety requirements training was determined with the Delphi technique.
Results. Consensus regarding the content of the radiography students’ training was reached and implemented. Furthermore, it guided the development
of teaching and learning activities complemented by aligned assessment.
Conclusion. Standardised education and assessment for radiation safety requirements have the potential to ensure that radiation safety regulations
are implemented optimally in diagnostic imaging.
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The importance of radiation safety training was reiterated by the World Health
Organization (WHO). In 2007, World Health Assembly (WHA) Resolution
60.29 urged the WHO to ‘draw up guidelines to ensure the quality, safety and
efficacy of medical devices’.[1] Annually, millions of X-ray examinations are done
worldwide and, therefore, the benefit/risk balance of every examination should
always be considered. The education of radiation workers has the potential to
change behaviour to implement a culture of safe patient care. It is important that
procedures and requirements are easily understood by health professionals.[1]
Not complying with the regulations of safety has often been observed by
the principal researcher (BvdM) in clinical practice and is increasingly a
matter of great concern. To comply with minimum safety regulation criteria,
the entry-level radiography student, placed in clinical practice during the
first weeks of training, needs education regarding the safety requirements
before being occupationally exposed to radiation. The same applies to
radiography students in their 2nd - 4th year, whose safety is the responsibility
of the licence holder of medical X-ray equipment. One should also take into
consideration that the radiography student may apply to procure X-ray
equipment upon graduation, which emphasises the imperative for a training
model that will ensure 100% compliance to international standards.
Recently, the International Atomic Energy Agency (IAEA) made important
international recommendations to promote a safety culture by motivating
commitment to protection and safety at all levels. Radiation safety participation
must be encouraged and accountability ensured, which implies that a learning
attitude should be promoted to carry out tasks safely.[2]

The International Commission on Radiological Protection (ICRP) is the
primary body for protection against ionising radiation, created by the 1928
International Congress of Radiology to promote radiological protection as
a public interest. The ICRP publishes quarterly recommendations on and
guidance in protection against the risks associated with ionising radiation
in Annals of the ICRP. Each issue provides in-depth coverage of a specific
subject area.[3] The commission has made basic recommendations for education and training of medical staff in ICRP publications 103 and 105.[4]
Publication 113 provides guidance regarding the necessary radiological
protection education and training for use by regulators, industry and institutions educating professionals involved in radiation in healthcare.[3]
In the context of the ICRP publication,[5] the term ‘education’ refers to
imparting knowledge and understanding of radiation health effects, regulation, and factors in practice affecting patient and staff doses. It has been
suggested that the education should be part of the curriculum of medical,
dental, radiography and other healthcare specialists, such as radiologists and
medical physicists. The term ‘training’ is defined as coaching with regard
to radiological protection for the justified application of modalities (e.g.
computed tomography (CT), fluoroscopy) that a healthcare worker uses in
medical practice.[5]
Having provided an international perspective, it is important to consider
the local scenario. The South African (SA) Department of Health (DoH)
accepted the recommendations of the ICRP and regulates radiation
protection within the framework of the Hazardous Substances Act No. 15
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of 1973.[4] This act stipulates that the Minister of Health, and specifically the
Director-General of Health, may issue licences to manufacturers, importers
and users of electromedical (X-ray) equipment. X-ray equipment comprises
electronic products (X-rays) and is considered a Group III hazardous
substance. Group III hazardous substances are regulated by Regulation
1332 (regulations concerning the control of electronic products).[6] The
SA DoH applies international standards as requirements and guidelines
through the Directorate Radiation Control (DRC). The DRC issues a licence
if the product and usage comply with the legislative and international
requirements for safety and performance.[4] Two documents are effective
when a licence is issued, i.e.: (i) ‘Code of practice for users of medical X-ray
equipment’;[7] and (ii) ‘Requirements for licence holders with respect to
quality-control tests for diagnostic X-ray imaging systems’.[8]
The requirements in these two documents were contextualised as criteria
in the Delphi document to determine the content of the training for radio
graphy students. It is important that radiographers as radiation workers
and users of X-ray equipment are aware of the legislation and regulations
underpinning the use of the equipment. They must therefore be informed
that the documents exist and consequently be educated in the regulations
before applying them.

Standardised training of radiation safety
regulations in SA

The responsibilities of licence holders of medical X-ray equipment are listed
in the ‘Code of practice for users of medical X-ray equipment’.[7] Apart from
equipment requirements, the licence holder and responsible person must
ensure that those who are occupationally exposed to ionising radiation
(radiation workers) are identified and issued with personal radiation
monitoring devices (PRMDs). Diagnostic radiographers employed in
radiography departments and radiography students in training, who are
occupationally exposed to radiation, are therefore radiation workers.[4]
The code further mandates that every radiation worker receives ‘education
regarding the risks and safety rules of ionising radiation; that protective
clothing, devices and equipment are provided and properly used; radiation
safety rules are communicated to and followed by all personnel; operational
procedures are established and maintained to ensure that the radiation
exposure to workers, patients and public is kept [as low as reasonably
achievable] ALARA without compromising the diagnostic efficiency of
the result; and lastly, that workers are educated in the hazards and risks of
ionising radiation’.[7]
Entry-level radiation workers, e.g. 1st-year radiography students, are
legally required to be monitored and issued with PRMDs (commonly
referred to as dosimeters) as soon as they are placed in clinical practice.
No standardised monitoring of the required education is currently in place.
The dosimeter can be ordered from the Radiation Protection Service (RPS)
of the SA Bureau of Standards (SABS). The only DRC requirement before
registration as a radiation worker and subsequent issuing of the dosimeter,
is that a new radiation worker must undergo a medical examination to
determine fitness to work.[7] This implies that a licence holder may order
dosimeters without submitting proof of education of radiation workers
regarding ionising radiation safety. The concern is that the responsibility
of the training institution is not signified, which may be the reason for the
lack of vigilance observed in clinical practice in terms of the application of
certain radiation safety principles.
Radiography training institutions have different policies regarding the
training and issuing of dosimeters to 1st-year radiography students. As a
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rule, the department in which the student is placed for clinical practice is
responsible to register the radiation worker and order the dosimeters. The
status quo at one training institution may be that the clinical department
issues the dosimeters, while the training institution in due course incorporates the radiation safety lectures combined with a radiation protection
test. In another setting, dosimeters may be issued within the first week of
clinical practice, only to lecture on the academic aspects of dosimeters and
radiation risks over the course of a year. These varying procedures result in
an unfavourable situation, where the training institution places the radiation
safety responsibility of the radiation worker solely on the hospital or practice
where the 1st-year student is assigned to for workplace learning. The education of these members of staff regarding radiation is not formally monitored
in most hospitals.[9] The researcher observed ignorance regarding the wearing of dosimeters, confirming that human error must be considered.[10]
The responsibilities of licence holders of X-ray equipment are further
outlined in the ‘Requirements for licence holders with respect to qualitycontrol tests for diagnostic X-ray imaging systems’.[8] This document
emphasises the acceptance and quality-control tests of diagnostic X-ray
equipment. Since 31 March 2009, an inspection body, approved by the DoH
or an appropriately trained professional registered with the Health Professions
Council of South Africa (HPCSA) as a medical physicist, must perform all
the acceptance and routine tests. Radiographers, however, are responsible
for the routine tests; it is important that they are not only familiar with the
requirements, but also equipped to perform thse tests, interpret the tests and
adjust necessary parameters to maintain safety on a daily basis. The training
must therefore include quality testing of X-ray equipment.
The Central University of Technology (CUT) in Bloemfontein, SA, had
the privilege to engage in a curriculum review process that led to CUT
being one of the first training institutions for radiography in the country to
implement a 4-year qualification in radiography in 2014. The curriculum
development process provided an opportunity to determine appropriate
content for the radiation safety and quality-control requirements training
module. By using the Delphi technique, content was confirmed for basic
outcomes for 1st-year radiography students (representing the entry-level
radiation worker issued with a dosimeter), and advanced outcomes for 3rdyear radiography students (representing the licence holder, responsible person and qualified radiographer). The development of teaching and learning
activities and assessment strategies for radiography radiation safety based on
the findings of the Delphi survey will be reported in separate publications.

The Delphi technique

In this study, the Delphi technique was used to reach consensus[11] on the
content of the radiation safety regulations training course. The technique
differs from other methods of gathering data from a group of people, as
it involves a research team, who are involved collectively with the goal of
enhancing the quality and utilisation of the research.[11]
The Delphi technique is a decision-making process that has been used for
planning and collective decision-making, not only in the field of technology,
but also in healthcare and education.[12] In the decision to use the Delphi
technique, we took cognisance of two inferences, i.e. that decisions are more
valid if the judgement of a group of people is involved, and the possibility
that the group members may be influenced by one another if decisionmaking occurs in the presence of the group.[13]
A study by Skulmoski et al.[14] indicates that because of the flexibility of
the Delphi process, the method may be adapted creatively for most studies.
Their study provides proof of numerous three-round studies with successful
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effects. The current study, however, required four rounds. In the fourth
round, the panellists were informed that if they wished they could change
their opinion. Stability in this study was declared when participants did not
change the selection in more than one round.[15]
The Delphi technique was used in this study to establish a set of criteria
needed for the development and implementation of a training course
for diagnostic radiography students. The process involved a quantitative
approach that was appropriate for determining the objectives for the radiation safety training course. On the Delphi questionnaire the participants
had to respond by making choices between various statements; they were
granted opportunities to add comments or suggestions. The latter gave
the panellists an opportunity for inductive reasoning and to make unique
contributions.[16] The questionnaire encouraged expression of the expert
opinion of the panellists by indicating in the information document that
the responses would be incorporated in follow-up rounds. The controlled
anonymous feedback is a positive characteristic of the process, rendering it
suitable to receive feedback from individuals who are physically separated.[17]

Method

Data collection entailed a Delphi process that was mainly quantitative, with
an invitation to panellists to add comments or suggestions. The qualitative
findings were reported by incorporating the comments in the follow-up
rounds of the Delphi process. The research was aimed at improving the
current practice of radiation safety training of radiographers and was,
therefore, considered action research.[18] The processes of action and
research was integrated because the teaching activities and assessment were
developed after the Delphi survey and aligned with the criteria accepted
through the Delphi process.[18]

Participants in the Delphi questionnaire

The 10 participants in the Delphi questionnaire were experts in the field
of diagnostic imaging. The panel included lecturers at higher education
institutions involved in radiography training, medical physicists involved
in quality tests in diagnostic departments, diagnostic radiography
managers of radiography departments and the DRC. The researcher
selected the Delphi participants based on the expected value they
would add to the study.[18] The sample consisted of 10 individuals from
several institutions that consented to participate in the Delphi process,
including male and female participants considered knowledgeable
in the code of practice for users of medical X-ray equipment and the
DoH requirements for licence holders of diagnostic imaging systems.
The lecturers were involved in the modules pertaining to radiation
protection, and the radiography managers were involved in quality
control of medical imaging systems.

Ethical approval

Ethical approval for this project (ref. no. ECUFS 74/2013) was obtained
from the Ethics Committee, Faculty of Health Sciences, University of the
Free State (UFS). The Delphi procedure was commenced with an invitation
letter regarding the purpose of the study, the process and the duration of the
study; the participants gave written consent upon receipt of the invitation.[18]
Each participant’s response was colour coded to reflect anonymity.

Compilation of the Delphi questionnaire

The SA DoH requirement statements for licence holders of medical X-ray
equipment, contained in the ‘Code of practice for users of medical X-ray

equipment’[7] and ‘Requirements for licence holders with respect to qualitycontrol tests for diagnostic X-ray imaging systems’[8] were presented as 418
criteria in the Delphi questionnaire. Each statement had to be evaluated for
inclusion in a basic training course before dosimeters could be issued to the
beginner radiation worker, or the advanced training course for the potential
licence holder of X-ray equipment. The options were stated on a 4-point
Likert scale. These points were defined as follows: 1 = both courses; 2 = basic
only; 3 = advanced only; and 4 = none. The layout of the questionnaire was
divided into the following sections:
1. General definitions and licensing conditions (n=84)
2. Responsibilities of licence holders/responsible person (n=18)
3. Operators of equipment and radiation workers (n=38)
4. Radiation protection of patients (n=81)
5. Radiation protection for the radiation worker (n=77)
6. Quality-control tests for diagnostic medical systems (n=94)
7. The training course (n=26).
Space was provided for comments for each specific statement and at the end
of the section for additional comments deemed necessary by the panellists.
Section 1. General definitions and licensing conditions
This section dealt with the requirements and recommendation documents
for radiation safety associated with the use of medical diagnostic X-ray
equipment. It also dealt with the licensing conditions for medical X-ray
equipment, with specific reference to the requirements of the apparatus
for diagnostic use. The adherence to specific conditions for premises of
X-ray equipment was stated in detail. This section was divided into three
subsections, each containing various statements (n=84).
Section 2. Responsibilities of licence holders/responsible person
This section dealt with the responsibilities of licence holders or appointed
responsible persons. It contained various statements (n=18).
Section 3. Operators of equipment and radiation workers
This section dealt with the operators of diagnostic X-ray equipment,
with specifics on the application and monitoring aspects of radiation
workers. The issuing of the personal monitoring device with the detailed
threshold dose limits for radiation workers received attention in this
section. It was divided into two subsections, each containing various
statements (n=38).
Section 4. Radiation protection of patients
This section dealt with the basic radiation principles for the public. The
importance of justification, optimisation and limitation in managing
ionising radiation was stated in order to adhere to the ALARA principle.
This section was divided into four subsections, each containing various
statements (n=81). The statements referred to general radiography,
fluoroscopy and CT.
Section 5. Radiation protection for the radiation worker
This section dealt with the basic radiation principles and personal monitoring
devices for the worker. The statements dealt with the identification and
application of principles and techniques to lower the radiation dose to staff
in the healthcare environment. The care of the monitoring device with
regard to optimal use was also specifically stated. This section was divided
into two subsections, each containing various statements (n=77).
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Section 6. Quality-control tests for diagnostic medical systems
This section dealt with the requirements for licence holders with regard
to quality-control tests for diagnostic imaging systems. The recording,
interpretation and management of the results of the tests received meticulous
focus. The frequencies of the tests were listed for diagnostic, CT and
mammography equipment. This section was divided into four subsections,
each containing various statements (n=94).
Section 7. The training course*
This section dealt with the training course presentation and assessment.
The statements dealt with the learning and teaching activities for the basic
and advanced courses in terms of the presentation, either online or in a
classroom setting. This section contained various statements (n=26). The
percentage of participants making a specific choice on the Likert scale is
indicated as selecting either ‘Strongly agree’, ‘Agree’, ‘Disagree’ or ‘Strongly
disagree’; e.g. 1 = 80%; 2 = 0%; 3 = 20%; 4 = 0%, with 1, 2, 3 and 4 referring
to the respective terms on the scale in the order mentioned above.

Results

The researcher manually prepared the analysis of the various rounds of the
Delphi process. The researcher also entered all quantitative responses in
Microsoft Excel (USA) for calculation of consensus and stability and the
development of the questions for the next round. The qualitative data were
categorised into themes to make an identifying summary. These common
themes were added in the next round as additional criteria items. The new
items were incorporated in the following round and communicated as such
to the panellists. Every round served to refine the results of the previous
rounds.[11]
A response rate of 100% was obtained in all four rounds of the Delphi process.
Consensus was reached when 80% of the panellists agreed on a certain criterion.[19]
Consensus was reached on 309/418 (74%) statements in the questionnaire.
Among the 418 statements, consensus was reached on 13 selections for both
basic and advanced training and assessment, 131 selections for basic training
and assessment, and 137 selections for advanced training and assessment, with
no exclusion of any statements from the training and assessment.
Stability was determined on completion of the fourth round. Linstone and
Turoff[15] describe stability as the tendency of expert opinions to merge when
there is stability in the movement of the group’s responses. Stability, which may
be declared when movement of opinion of the group as a whole has reached
stability, was acquired with regard to the remaining 26% of statements.

Discussion and recommendations

The relatively high degree of consensus and stability, combined with no
statements being excluded from the training and assessment by a diverse
group of panellists, support the appropriateness of the conclusions drawn
from these data.
The comments from the Delphi panellists regarding the content of
radiation safety and assessment provided insight that guided the researcher
to consider important aspects, e.g. the basic training must address the
awareness of principles, and the advanced training must engage the student
in more in-depth training. Section 7 of the Delphi questionnaire dealt
with the presentation of the training and the panellists’ opinions on the
assessment of radiation safety. The panellists strongly agreed that all the
criteria on which consensus was reached in the survey had to be included in
both the basic and advanced assessment. They also agreed that the Delphi
questionnaire covered all the aspects required to use diagnostic X-ray
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equipment safely, with the comment that it was comprehensive without the
guarantee of completeness. The panellists strongly agreed that successful
completion of the basic and advanced training should be confirmed by
assessment, and that the score to indicate successful completion of both
assessments should be a minimum of 75%.
The panel disagreed that distance learning was appropriate for basic
training, as students need hands-on training. The panel did not reach
consensus on the appropriateness of distance learning for advanced training.
They disagreed that the student would master the content of the training
by self-learning and added specifically that there was a need to execute the
tests, and that evidence should be recorded for the advanced students. The
panellists strongly agreed that content on risks of radiation and interaction
of radiation and tissue had to be included in the basic training.
Further comments from the panellists included that insight in the
workload should be evenly distributed between the training, and that
the advanced training should build on criteria for the basic training.
The information contained in the training was regarded as necessary for
different reasons, including professional, clinical, or compliance. Repetition
of the content, according to the panellists, would ensure a high degree of
understanding and recollection. Information was allocated to the basic
training, which the students could use immediately, but information on
technical equipment and structural specifications was recommended for
the advanced training. The concluding comments addressed the need
for supervision and monitoring for both trainings to ensure that correct
quality tests were carried out and that candidates gained understanding
of acceptable limits of the tests. Flexibility was reiterated in terms of the
offering and assessment owing to the reality of scarce resources in SA.
The comments from the panellists provided insight in and guidance
for the final list of criteria to be included in either the basic or advanced
training and assessment. The comments were incorporated in the teaching
and learning activities.

Conclusion

By involving a panel of experts to determine the content of radiation safety
training and the criteria and methods for assessment, the study can make a
contribution to the existing body of knowledge in the field of radiography.
Furthermore, the training programme has already been found to deliver a
better-trained 1st-year student to the radiography profession and practice.
To equip the radiation worker with standardised knowledge and expect
from the student to provide standardised evidence of mastery of radiation
safety principles and requirements, is a major step to optimally apply the
currently neglected ALARA principle in practice.
*Supplementary information. An appendix is available from the corresponding
author on request.
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