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ABSTRACT
Introduction
Poor radiation protection practices in South African 
healthcare facilities have been reported on account of several 
factors including staff shortages, poor training on radiation 
protection, and inconsistent dosimeter use.

Aims and objectives
To investigate radiation protection practices of dental 
professionals and radiographers in Limpopo Province 
following the closure of two radiography units due to non-
compliance.

Methods
A quantitative cross-sectional study was conducted among 
the eight rural hospitals in the Waterberg District of the 
Limpopo Province, South Africa, using a self-administered 

questionnaire comprised of fi ve components exploring the 
knowledge and practices of dentists (36%), oral hygienists 
(18%) and dental therapists (18%) and radiographers 
(38%). Forty-fi ve participants (n=45) completed the study 
questionnaire, representing a 75% response rate (45/60).

Results:
Dentists (63.0%) felt slightly at risk of radiation exposure 
compared to radiographers who felt at risk (59.0%). Only 
58.8% of radiographers, and even fewer dental professionals 
(37.5% of dentists and 16.7% of oral hygienists & dental 
therapists) admitted to always wearing their personal 
radiation dosimeters in the workplace (p=0.03). Equally 
concerning is that only a third of radiographers (29.4%) 
reported always protecting patients before radiological 
examinations compared to most dentists (93.8%) and oral 
hygienists & dental therapists (83.3%) (p<0.001).

Conclusion:
Dental professionals and radiographers in this study 
underestimated the long-term health impacts of radiation 
exposure on themselves and patients, and should be better 
supported to comply with radiation safety protocols.

Introduction
The discovery and use of ionizing radiation (hereafter 
referred to as radiation) has been both benefi cial and 
detrimental to human health. The benefi cial effects of 
radiation include the use of x-rays in diagnostic medicine 
and health sciences research, but also detrimental due 
to potential adverse health effects arising from acute and 
chronic exposure. Occupational exposure to radiation is 
mostly associated with low dose, chronic exposure which 
can result in adverse health outcomes such as cataracts 
and thyroid cancer.1, 2, 3 As a treatment modality, ionizing 
radiation is intangible, neither seen or heard, which may 
contribute to inconsistent radiation protection and safety 
practices.1 Healthcare workers such as dental professionals, 
who are exposed to ionizing radiation of over 20mSv per 
annum because of their occupation are defi ned as radiation 
workers. The recent COVID-19 pandemic has further 
highlighted that while there was a signifi cant focus on using 
personal protective equipment and improving access to 
occupational health services to prevent radiation workers 
being infected with SARS-CoV-2, there was an equal need 
to promote continued compliance with radiation protection 
practices.4,5
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Several international bodies including the International 
Commission of Radiation Protection (ICRP), and International 
Atomic Energy Agency (IAEA) have highlighted the importance 
of adequate radiation protection and safety practice in radiation 
workers by making recommendations regarding radiography 
equipment quality, setting occupational radiation exposure 
limits, and detailing imaging standard operating procedures/
protocols.6, 7 The International Labour Organisation (ILO) has 
also adopted the Radiation Protection Convention, 1960 
(No. 115), and its accompanying Recommendation (No. 
114) advocating for the reduction of ionizing radiation to the 
lowest practicable level and avoidance of any unnecessary 
exposure through collaboration between employers, 
workers, and governments.8

Various legislation in South Africa have been promulgated as 
early as 1973 to regulate the amount of ionizing radiation 
emitted by electronic products, including the Hazardous 
Substances Act, 1973 (Act 15 of 1973) and Regulations (No 
R1332 of 3 August 1973) that govern the safe use of electronic 
products, including medical x-ray equipment found in dental 
practices and radiography units.9 The establishment of the 
Radiation Control Directorate in the National Department of 
Health (NDOH) and Code of Practice of Electronic Products 
have emphasized the importance of radiation protection and 
safety practice in all health facilities in the country based on 
the three main radiation protection principles of justification of 
the practice/investigation, optimization of protection (ALARA, 
keeping occupational and workplace exposures as low as 
reasonably achievable), and dose limitation.10

Dental professionals and diagnostic radiographers in South 
Africa must be registered with the Health Professions Council 
of South Africa (HPCSA) which has a Medical and Dental 
Professions Board and a Radiography and Clinical Technology 
Board that regulates the professional training and conduct 
of dental professionals and radiographers. Diagnostic 
radiographers perform radiation work such as general x-ray 
examinations, mobile radiography, fluoroscopy, angiography, 
computed tomography, magnetic resonance imaging, and 
mammography.11. The HPCSA notes for example that one 
of the key tasks radiographer’s have include “understanding 
and observing health and safety at work as well as welfare 
issues, including infection control policies and ionising 
radiation regulations in order to protect themselves and 
others”.11 Radiation safety training for radiation workers such 
as dental professionals and radiographers takes place during 
undergraduate studies and in the workplace, commonly in 
the first year of professional work (compulsory community/
national service year) and thereafter in the public or private 
sector. The quality of the training received is however 
variable. Van der Merwe et al12 has noted that undergraduate 
radiography students are often placed in clinical practice 
without proof of sufficient radiation safety knowledge, while 
Lewis et al13 has also reported insufficient training even in 
qualified radiographers in practice. More recently, the South 
African Health Products Regulatory Authority’s Radiation 
Control Unit has hosted several radiation safety training 
webinars online with a focus on improving radiation safety 
training for radiation workers, including those in rural and 
remote areas who are able to livestream.14

Despite these regulations, guidance documents and training, 
evidence of poor radiation protection practices in South 
African healthcare facilities have been consistently reported 
in largely urban and more economically advanced areas 

of South Africa.15, 16, 17 There is an inequitable distribution 
of radiographers in South Africa, with more human and 
financial resources concentrated in the private health sector 
and larger central public sector hospitals compared to the 
often-under-resourced rural district and primary healthcare 
facilities.16, 18 As of 2020, South Africa has a national 
average of 5.94 radiographers per 100 000 population, 
which constitutes 1.2% of the public health workforce, 19 
While most radiographers in South Africa’s nine provinces 
may be employed in either the public or private sector (or 
both concurrently), most are employed in more developed 
provinces such as the Western Cape (ratio: 9.36 per 100,000 
public sector population) compared to more rural provinces 
such as Mpumalanga (ratio: 3.42 per 100,000). 19 Other 
systemic challenges faced in the health sector include not 
wearing registered dosimeters, poor quality control on x-ray 
machines, the lack of specialized radiologists, customized 
radiation guidelines and failing infrastructure in South African 
health facilities. 18, 20

Significant challenges with compliance to set radiation 
protection standards have been experienced in largely rural 
and remote provinces which resulted in the closure of two 
x-ray/radiography units in Limpopo Province (Waterberg 
District) by the Radiation Control Directorate of the 
South African National Department of Health due to non-
compliance. The factors contributing to these closures of 
radiation units and extent to which healthcare workers in rural 
healthcare facilities have adopted radiation safety practices 
are to be determined. The common work practices of the 
radiographers in the province consist of performing general 
and special radiological procedures that include an average 
of 45 x-rays per radiographer each day with a total of 1,700 
x-ray examinations performed per month in the biggest 
hospital in the rural Waterberg District. The specialized 
examinations include assisting in/performing mammography, 
ultrasound, and computed tomography scans (CT scans) 
procedures. The oral hygienists, dental therapists and 
dentists do also assist in/perform 18 to 25 intra and extra 
oral radiography procedures each day including periapical, 
occlusal, bitewings x-rays (oral radiography) and panoramic 
and cephalometric x-rays (extra oral radiography). The dental 
professionals are not in the room during the patient exposure.

The study aims to investigate radiation protection practice 
and compliance with radiation safety standards by dental 
professionals and radiographers in rural health facilities of 
Waterberg District in Limpopo Province, South Africa.

Materials and methods
2.1. Study design and sampling 
A quantitative cross-sectional study was conducted among 
the eight rural hospitals in the Waterberg District of Limpopo 
Province, South Africa. The study population included all 
radiographers and dental professionals in these institutions 
(one regional hospital and seven district level hospitals) to 
ensure a statistically significant sample size with adequate 
power. The total population therefore consisted of 60 
radiation workers (namely 21 dentists, 6 oral hygienists and 
8 dental therapists, and 25 radiographers) employed in the 
eight institutions. These health professionals work with both 
intra-oral and extra-oral x-ray machines serving a mostly rural 
population. 

2.2. Study methods 
An author generated questionnaire was developed from the 
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available evidence-based literature. The questionnaire was 
comprised of a combination of closed and open-ended 
questions divided into five components. The first component 
consisted of socio-demographic questions regarding 
participant’s gender, age, level of education, designation/
occupation, and length of service. The second component 
evaluated participant’s sources of exposure and knowledge 
about ionizing radiation, while the third component enquired 
about the ill effects of radiation exposure. The fourth 
component was organized as a series of statements, and 
participants were asked to express their opinion on a 4-point 
scale about compliance to radiation safety protocols. The 
last component consisted of was open-ended questions 
that probed further about radiation safety protocols and the 
risks associated with radiation exposure. The researchers 
hand-delivered the questionnaires to all participants at the 
eight rural hospitals after obtaining access into the health 
facility from the management.

2.3. Data analysis
The data were analyzed using SPSS (Statistical Product 
Service Solutions) Version 28. The responses to open-ended 
questions in the last component of the questionnaire were 
read, and re-read by the researchers, followed by coding, 
and forming of categories from similar responses that 
addressed radiation protection practice and compliance 
with radiation safety standards. Descriptive statistics for 
continuous variables was presented as frequencies and 
percentages. In addition, a Pearson’s chi-square test 
was used to determine whether there was an association 
between categorical variables (at a p-value < 0.05).

2.4 Consent and ethical approval
Ethical approval for the study was obtained from the 
University of Limpopo (MREC/H/12/2010:PG) and the 

Limpopo Department of Health’s Research Ethics Committee 
(Ref 4/2/2). The ethics approval letters were shared with 
the Chief Executive Officers/Clinical Managers of the eight 
participating rural health facilities. Participation in the study 
was voluntary and confidentiality assured.

Results
3.1. Socio-demographic variables
Forty-five (45) participants (Table 1) from the various rural 
hospitals in the Waterberg District completed the study 
questionnaire, representing a 75.0% response rate (45/60). 
The participants were largely female (67.0%) and below 
the age of 30 years (62.0%). The majority had received a 
bachelor/degree qualification (67.0%) and most had been 
employed for under 5 years (58.0%). Over a third (37.0%) of 
the participants were radiographers while remaining 63.0% 
were dental professionals (including oral hygienists [OH], 
dental therapists [DT] and dentists). 

3.2 Knowledge, awareness, and perceived risk of 
ionizing radiation exposure
Understanding of safe dose of medical x-ray radiation
Most participants were able to identify x-rays as source of 
ionizing radiation (100% for both radiographers, OH & DT 
and 95% of dentists). The participant’s understanding on 
whether there is a safe dose of x-ray radiation from medical 
imaging in a day was further explored (Table 2). The majority 
(64.7%) of all radiographers agreed (35.3% strongly agree 
and 29.4% agree) that there is a safe dose of radiation from 
x-rays that one can take in a day. Similarly, 83.3% of OH 
& DT (58.3% strongly agree and 25.0% agree) and 100% 
dentists (37.5% strongly agree and 62.5% agree) also 
shared a similar view. While differences in understanding 
of safe dose of x-ray radiation were observed amongst 
the professionals, these were not statistically significant 

Item Number of participants (%)

Gender Male 14 (31)

Female 30 (67)

Unspecified/missing 1 (2)

Age (year) Less than 30 years 28 (62)

30 years and over 15 (34)

Unspecified/missing 2 (4)

Level of education Grade 12 plus Diploma 11 (24)

Degree 30 (67)

Postgraduate qualification 4 (9)

Length of service (year) 1 – 5 26 (58)

6 – 10 7 (16)

11 – 15 4 (9)

16 – 20 2 (4)

>21 2 (4)

Unspecified/missing 4 (9)

Designation Radiographers 17 (38)

Dentists 16 (36)

Oral Hygienists (OH) 6 (13)

Dental Therapist (DT) 6 (13)

Total 45 (100)

Table 1: Participants socio-demographic characteristics (n=45)
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(p=0.11).
Perceived risk of radiation exposure 
When asked about their perceived level of exposure to 
ionizing radiation, radiographers felt more (35.0%) or highly 
at risk (24.0%) of radiation exposure than other health-

care professionals while most dentists (63.0%) feeling only 
slightly at risk (Figure 1). Most radiographers attributed 
this perception to their daily continuous exposure to x-ray 
duties compared to other health-care professionals and 
the general population which would generally experience 

Table 2: Survey questions and participant responses

Question: There is a safe dose of ionising radiation exposure

Job category Strongly Agree Agree Disagree Strongly disagree Total Pearson chi-square

Radiographer 6 (35,3%) 5 (29,4%) 1(5,9%) 5 (29,4%) 17 (100,0%) P=0.107

Dentist 6 (37,5%) 10 (62,5%) 0 (0,0%) 0 (0,0%) 16 (100,0%)

OH&DT 7 (58,3%) 3 (25,0%) 0 (0,0%) 2 (16,7%) 12 (100,0%)

Total 19 (42,2%) 18 (40,0%) 1 (2,2%) 7 (15,6%) 45 (100,0%)

Question: A pregnant radiographer can continue to perform her x-ray duties

Job category Strongly Agree Agree Disagree Strongly disagree Total Pearson chi-square 

Radiographer 2 (11,8%) 12 (70,6%) 1 (5,9%) 2 (11,8%) 17 (100,0%) P=0.461

Dentist 4 (25,0%) 6 (37,5%) 3 (18,8%) 3 (18,8%) 16 (100,0%)

OH&DT 3 (25,0%) 4 (33,3%) 3 (25,0%) 2 (16,7%) 12 (100,0%)

Total 9 (20,0%) 22 (48,9%) 7 (15,6%) 7 (15,6%) 45 (100,0%)

Question: Frequency of the use of personal radiation dosimeters

Job category Always Sometimes Rarely Never Total Pearson chi-square

Radiographer 10 (58,8%) 6(35,3%) 1(5,9%) 0 (0,0%) 17 (100,0%) P=0.033

Dentist 6(37,5%) 4 (25,0%) 3 (18,8%) 3 (18,8%) 16 (100,0%)

OH&DT 2 (16,7%) 3(25,0%) 1(8,3%) 6(50,0%) 12 (100,0%)

Total 18(40,0%) 13 (28,9%) 5 (11,1%) 9 (20,0%) 45 (100,0%)

Question: Frequency of patient protection practices

Job category Always Sometimes Rarely Never Total Pearson  chi-square

Radiographer 5 (29,4%) 12 (70,6%) 0 (0,0%) 0 (0,0%) 17 (100,0%) P <0,001

Dentist 15 (93,8%) 1 (6,3%) 0 (0,0%) 0 (0,0%) 16 (100,0%)

OH&DT 10 (83,3%) 1 (8,3%) 1 (8,3% 0 (0,0%) 12 (100,0%)

Total 30 (66,7%) 14 (31,1%) 1 (2,2%) 0 (0,0%) 45 (100,0%)

Figure 1: Participants’ responses on the risk of radiation exposure by health-care professionals
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exposure only when medically warranted. Response to open 
ended questions identified possible factors that placed them 
at increased risk including the lack of access to personal 
dosimeters, uncertainty as to who should provide protective 
lead shields, poor maintenance of x-ray machines, use of 
mobile/portable x-ray units in theatre and when screening. 

Performance of x-ray duties by a pregnant radiographer
The participant’s knowledge of occupational health 
requirements for radiation workers, particularly vulnerable 
pregnant workers, was investigated (Table 2). Participants 
were asked whether a pregnant radiographer could 
continue performing her x-ray duties. Most radiographers 
(82.4%) agreed that a pregnant radiographer can continue 
to perform her x-ray duties, while dental professionals also 
agreed, though to a lesser extent (58.3% OH & DT and 
62.5% dentists). The differences observed were however not 
statistically significant (p=0.46).

3.3. Radiation safety practice and compliance with 
radiation protection protocols
Compliance with wearing personal radiation monitoring 
badges/dosimeters
Participants were asked about the extent to which they 
complied with wearing a dosimeter (when supplied with this 
at the workplace). Only 58.8% of radiographers, 37.5% of 
dentists and 16.7% of oral hygienists & dental therapists 
indicated that they always wore their dosimeters (Table 2). 
Even more concerning is that half of the oral hygienists & 
dental therapists (50.0%) and 18.8% of dentists indicated 
that they never wore a dosimeter. The differences observed 
in the use of dosimeters were statistically significant (p=0.03).

Compliance with radiation protection of patients
Compliance with protection of patients by covering them 
with lead apron and/or wearing a collar before procedures 
was enquired about (Table 2). Only a third (29.4%) of 
radiographers reported always protected patients before 
radiological examinations. This contrasted with responses 
from dental professionals (Dentists, OH & DT), majority of 
whom indicated that they always protect the patients before 
procedures (93.8% and 83.3%, respectively). The differences 
observed in the use of dosimeters were statistically significant 
(p<0.001).

The frequency with which participants repeat x-ray 
procedures on patients was also explored. A quarter (24%) 
of radiographers, 8% of OH&DT and 31% of dentists always 
repeat x-ray procedures because the radiograph images 

were not clear. Enquiry regarding compliance with radiation 
safety protocols to limit patient exposure including the safe 
filing or keeping of x-ray records revealed that 38% of dentists 
indicated to only sometimes keeping patients’ records and 
19% never keep the patients’ records. Radiographers fared 
better in ensuring patients’ records are kept, with 100% of all 

participants indicating that they comply with the requirement. 

3.4. Perception of community’s knowledge of radiation 
exposure risks
Finally, the study participants were asked about their 
perception of the patients/general public’s knowledge 
of radiation exposure risks (Figure 2). A quarter (25.0%) 
of radiographers and the majority (75.0%) of dental 
professionals held a view that the public/patient community 
was not well informed about radiation exposure risks. 
Responses to an open ended question in the questionnaire 
indicated that possible reasons may include the low levels 
of literacy/education in the communities where the health 
facilities are located, patients not being familiar with the 
concept of x-rays, lack of appreciation of the health risk 
associated with ionizing radiation, and patients feeling 
disempowered to ask questions when procedures are being 
performed, and inconsistent/poor explanation of associated 
health risks by health professionals. Some participants 
however noted that health information, instructions and 
warnings are regularly provided to patients verbally and 
that the posters/signs on walls do explain risk associated 
with radiation exposure therefore patients should be better 
informed. 

DISCUSSION
This study found that rural health facility-based dental 
professionals and radiographers in Limpopo Province (South 
Africa) were able to correctly recognize ionizing radiation as 
an important health hazard. More radiographers than dental 
professionals felt at increased risk of exposure to ionizing 
radiation due to their continuous occupational exposure while 
performing x-rays. Most radiographers agreed that a pregnant 
radiographer can continue to perform her x-ray duties.  Most 
radiographers and even fewer dental professionals admitted 
to always wearing their personal radiation dosimeters while 
only a third of radiographers reported always protecting 
patients before radiological examinations. It was also 
common to repeat x-rays on patients and not keep adequate 
records of investigations completed. The participants 
perceived the public/patient community as not well-informed 
regarding radiation exposure risks.
The linear no-threshold (LNT) model stipulates that there 

Figure 2: Distribution of responses on the community’s knowledge to radiation exposure risks
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is no safe level of exposure to ionizing radiation 6, and it 
was therefore concerning that most participants (64.7% 
radiographers, 83.3% of OH & DT, and 100% dentists) 
believed that there was a safe dose of x-ray radiation from 
medical imaging. This belief may be due to several factors 
including the perception that ionizing radiation is unseen, 
insufficient training on the job and a lack of focused teaching 
on radiation protection during undergraduate university 
studies. 1, 13, 21, 22 The frequently stated occupational exposure 
dose of 20mSv per annum may have also led participants 
to believe that there is a safe radiation dose level. 10 These 
findings do however highlight the importance of ongoing 
education and training regarding the principles of radiation 
protection including justification, optimalisation of protection 
and limitation of all x-ray exposures (dose limits) that should be 
adhered to. Radiation worker's contact with the occupational 
health service, such as during entry medical examinations 
also provide an opportunity for this reinforcement to take 
place, particularly for new employees and those vulnerable 
such as those who are pregnant. 23 

The fetus in pregnant women who are radiation workers is 
particularly vulnerable to the effects of ionizing radiation.10, 

24 The participant’s knowledge regarding occupational 
exposure to ionizing radiation for pregnant women was 
sufficient which is important observation in the context 
of this study as most of the respondents were young and 
female (67%) of childbearing age. Hussein et al.25 in Sudan 
made similar observations in their cross-sectional study 
of dentists, where the majority (74.3%) recognized that 
dental radiography was not an absolute contra-indication 
in pregnant women. According to the Code of Practice for 
Radiation Workers 10, a pregnant radiographer can continue 
working but the maximum equivalent dose limit of 2 mSv 
to the abdomen should not be exceeded. They should be 
monitored and issued with a direct reading pocket alarm 
dosimeter. Women of childbearing age are further identified 
as a particularly vulnerable occupational group that should 
receive the requisite training and be well-versed with the 
use of ionizing radiation.10, 24 In evaluating equivalent dose 
of ionizing radiation to the fetus in occupationally exposed 
pregnant workers, Osei and Kotre 24 confirmed that while 
radiation doses are generally low, it is important for pregnant 
staff to be encouraged to report the pregnancy early and to 
follow good radiation protection operational procedures for 
the protection of the fetus, co-workers, and patients.

Personal radiation monitoring dosimeters/badges are used 
for monitoring cumulative exposure to ionizing radiation 
that radiation workers receive. The finding that only 58.8% 
of radiographers in this study always wore dosimeters 
when performing radiation work is concerning. Though not 
exposed to the same extent as radiographers on a daily/
continuous basis, it is also concerning that only 37.5% 
of dentists and 16.7% of OH&DT always comply with 
the wearing of a dosimeter. Globally, radiation protection 
compliance levels have also been found to be as low as 
59.26% among radiographers and healthcare professionals 
in a meta-analysis conducted in four countries.26 Other 
South African nationwide studies have also reported 
that only 16.3% of radiographers continuously used the 
radiation protection made available by the employer in the 
past21, while in specific provinces (South Africa’s Gauteng 
Province), only 41.67% of radiographers indicating that 
they always wore their radiation monitoring devices.16 
Other countries within the sub-Saharan region have noted 

concerning radiation protection practices amongst radiation 
workers with only 58.62% of medical imaging technologists 
in Rwanda having radiation-measuring devices, and 29% 
receiving dose readings inconsistently.27 They further found 
that while lead rubber aprons were available in 99% of these 
government hospitals, over half (59%) of the medical imaging 
technologists had never checked the integrity of the aprons.27 
Fiagbedzi et al.28 in Ghana similarly reported that while over 
90% of radiographers in their study had personal radiation 
dosimeters, only 25% admitted to wearing them always. The 
low levels of compliance in our study could be attributed to a 
lack of/confusing messaging on when dosimeters should be 
worn, lack of recognition of radiographers in the healthcare 
team, having to perform x-rays on difficult patients, lack of 
resources, inadequate training, and a lack of management 
support.16, 21, 27, 28

Several national guidelines and reports10, 20, 23 have detailed 
the importance of operators and patients wearing protective 
clothing however only a third (29%) of radiographers 
reported always protecting patients before radiological 
examinations. This practice could be due to several factors 
including having a poor understanding of the ill-effects of 
radiation exposure to patients or negligence/complacency 
in those who fully understand the risk of ionizing radiation. 
Previous studies in Gauteng, South Africa have reported that 
only 33% of radiographers knew the function of exposure 
indicators.17 Shiralkar et al.29 similarly reported that most 
doctors do not know the dose levels of radiation that their 
patients get exposed to during radiological investigations 
and that they routinely requested x-rays without weighing 
the necessity, thereby subjecting patients to more radiation 
exposure risk. The lack of providing patients with protective 
clothing may however also represent the recent paradigm 
shift away from the routine use of patient protection shielding 
during medical x-ray imaging as the contact shielding may 
interfere with the imaging process (resulting in a repeat test) 
or dose reduction technology, increased risk of radiation 
exposure should the shielding move during the examination 
(resulting in increased exposure), and reduced infection 
control practices.30, 31

This study provided evidence that patients are likely to 
receive more radiation exposure than necessary as a quarter 
(24%) of radiographers, 8% of OH&DT and 31% of dentists 
reported that they always repeated x-ray procedures. This 
routine repetition of x-ray imaging could result from poor 
record keeping, unnecessary requisition of x-rays and not 
paying attention and considerable care to ill-effects of chronic 
exposure to radiation. Our findings are in keeping with 
those by Arslanoglu et al.32, who noted that 93% of the 177 
doctors underestimated the actual patient radiation dose of 
various radiological examinations. Thirty eight percent (38%) 
of dentists indicated to only sometimes keeping patients’ 
records and 19% never keep the patients’ records which 
could lead to patients being subjected to further radiation. 
Requirements for dental radiography stipulate that a record/
register of all patients undergoing x-ray examinations must be 
stored for a period of at least 5 years and that the repetition 
of x-rays is discouraged.33

Our study found a quarter (25%) of radiographers and 
the majority (75%) of dental professionals held a view 
that the public/patient community was not well informed 
about radiation exposure risks likely due to low levels of 
literacy/education, lack of familiarity with x-rays, and poor 
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risk communication by healthcare providers. Lewis et al. 
34observed that patient radiation protection knowledge 
influenced radiation protection practices. A study in a rural 
public sector hospital in Kwa-Zulu Natal, South Africa also 
revealed that very few patients (10.9%) had a fair knowledge 
about x-rays35 while less than 50% of patients attending 
four Jordanian local hospitals had received information on 
radiation awareness before medical imaging examinations. 
36 With improvements in access to modern technology 
and greater use of artificial intelligence tools such as 
ChatGPT and Meta AI, patients can search for information 
on radiation protection and treatment plans prescribed 
by themselves, becoming much more self-reliant and 
knowledgeable about the effects of ionizing radiation.37 It is 
the responsibility of the health-care professionals to provide 
first-hand information to patients undergoing all radiological 
procedures and clearly articulate the risks and benefits.10, 35, 

36 Consent should also be sought from the patients before 
they undergo any radiological procedure to confirm that the 
patients understand the risks involved. 

The study has some limitations. The study included rural 
health facilities in only one health district (Waterberg) out of 
five in Limpopo Province (Capricorn, Mopani, Sekhukhune, 
Vhembe) which reduced population sample size and limited 
generalizability of the study findings. While the focus of 
this study was the Waterberg District, future research 
should include all rural districts in the province to enable 
greater generalizability. The self-reported nature of the 
study does not make it possible to confirm the accuracy of 
responses regarding actual practices in health facilities, use 
of personal protective equipment, including the availability 
of equipment and resources. Social desirability bias may 
have reflected more positive radiation safety practices than 
are done in the workplace. The strength of the study is its 
focus on a remote and rural workforce in South Africa, in a 
province that has experienced closures of radiation units 
due to non-compliance. The study also focused on all 
exposed radiation workers including radiographers, and 
dental professionals.

This study highlights the need for several stakeholders 
at national, provincial and facility level to collaborate in 
addressing radiation protection concerns and avoiding 
further closures of radiation units in already resource 
constrained rural settings. Evidence-based radiation 
protection policies from the national department of health 
and related agencies are needed, with the requisite support 
provided to health facility managers and healthcare workers 
on their implementation. 

The employer at each health facility must conduct a 
workplace health risk assessment as required by the 
Occupational Health and Safety Act 85 of 1993 to 
evaluate the risk to workers, and the public. The findings 
of the health risk assessment should inform risk mitigation 
strategies including building x-ray rooms compliant with 
set standards, procurement of required dosimeters and 
protective clothing in compliance with occupational health 
and safety legislation. Artificial Intelligence (AI) has also 
played an increasing role in radiation protection including 
dose optimization and reduction of radiation doses in 
select anatomical regions. 38 Patient education to improve 
radiation awareness should be an integral part of the health 
facilities daily practice to reduce unnecessary exposure 
from medical imaging examinations. 35, 36

To improve compliance at a healthcare worker level, it is 
suggested that training at undergraduate training level 
and once fully qualified be provided to influence attitudes 
and practice. 16, 21, 22 Health-care professionals should be 
encouraged to present for their radiation worker medical 
examination/surveillance, ensure that personal dosimeters 
are worn daily/as prescribed, and that they submit these for 
analysis on a regular basis. 10, 20, 23 They should also take a 
keen interest in reading the reports sent from their dosimeter 
readings. Refresher courses, continuous educational 
programmes to occupationally exposed health-care 
professionals should be reinforced and should not only focus 
on radiation protection, but other important occupational 
hazards associated with radiation work including infections 
and chemicals in the workplace. 4, 5, 39

CONCLUSION
This study demonstrated that though dental professionals 
and radiographers had identified ionizing radiation as 
an occupational hazard, their compliance with radiation 
protection and safety protocols highlights that they 
underestimate the long-term health impacts of radiation 
exposure on themselves and patients. More work is needed 
in drafting and implementing policies at national, provincial 
and health facility level to support radiation workers in 
better complying with radiation safety protocols. The patient 
population’s low levels of knowledge on radiation safety 
should be addressed by all healthcare professionals involved 
in prescribing and performing x-rays and other radiological 
procedures.
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The Continuing Professional Development (CPD) 
section provides for twenty general questions 
and five ethics questions. The section provides 
members with a valuable source of CPD points 
whilst also achieving the objective of CPD, to 
assure continuing education. The importance of 
continuing professional development should not 
be underestimated, it is a career-long obligation 
for practicing professionals.

CPD questionnaire on page 222


