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The aim of this study was to assess the awareness of  
oral health care providers and dental students regarding 
radiation safety, protection and legislation pertaining to 
dental radiography in South Africa.  

An online questionnaire consisting of 20 structured mul- 
tiple-choice questions was distributed among final year 
students and oral health care  providers. 

The mean, median, standard deviation (SD) and frequen- 
cies were determined statistically to compare the number 
of correct answers for each responder group.

In total, 189 questionnaires were analysed. The average  
number of correct answers was 11.6 out of 20 (58%) for  
all responders. Dental students presented with the high- 
est percentage (66%) of correct answers.

 

Higher radiation awareness was evident among the re- 
spondents who had undertaken continued education 
courses.

Radiation awareness among oral health care providers in 
South Africa needs improvement. Greater emphasis should 
be placed on dental radiology courses to increase the 
knowledge and awareness. However, there is no officially 
established benchmark of radiation awareness in South  
Africa. 

This conclusion can only be drawn from the responders 
of the study and cannot be made for the overall aware- 
ness of oral health care providers in South Africa. 

Inadequate radiation awareness and knowledge among 
oral health care providers may result in contributing to  
the increased risks of radiation exposure and the erro- 
neous utilization of radiographic imaging.

Radiation protection, radiography, dental, dentists, health 
knowledge, attitudes, practice, South Africa.

Dental radiography plays an essential role in diagnosis 
and treatment of dental disease.1-2 Oral health care pro- 
viders, however, do not always follow prescribed in- 
dications when performing radiological examinations.3 

Radiographs are frequently used for 'routine screening' of  
new patients.4 An increase in the number of radiographs  
is also evident when fee-for-service payments are re- 
ceived.5

Ionising radiation from intraoral imaging is small and 
comparable to daily natural background radiation.1,6 
However, the potentially harmful effects of any radiogra- 
phic examination cannot be ignored. Each exposure to 
ionising radiation can cause a biological effect, and in- 
crease the potential risk of cancer.7

The use of radiation is accompanied by the responsi-
bility to maintain sufficient knowledge and to ensure 
appropriate radiation protection.8-10 A need for training 
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with regards to the attitudes towards radiation protec- 
tion is evident.11-13 The level of knowledge regarding den- 
tal imaging and radiation risks also differs amongst dif- 
ferent oral health care providers.14

A remarkable divide is evident between patient expec- 
tations and the provision of information regarding ioni- 
sing radiation.15-16 Oral health care providers' knowledge 
and awareness regarding dental radiology and risks is, 
therefore, a prerequisite for conducting these discus- 
sions to obtain informed consent before imaging.12 

South African law permits only registered dentists, ra- 
diographers, dental therapists and oral hygienists to 
perform radiographic examinations.17-18 Chairside assis- 
tants are not permitted to take radiographs. In reality, 
the laws and guidelines related to radiation control and 
safety are frequently neglected in dental practice.18-19

The aim of this study was to assess the knowledge and 
awareness of oral health care providers and dental stu- 
dents regarding radiation safety, protection and legisla- 
tion for dental radiographic imaging in South Africa.

 

A cross-sectional online survey consisting of 20 multiple 
choice questions was conducted between February to  
August 2019 (Appendix A). Only registered radiation  
workers (dental specialists, dentists, and oral hygienists 
and dental therapists) and final year oral hygiene and  
dentistry students from the University of Pretoria were  
invited to participate. 

Quantitative variables and demographic data (years in 
practice, profession, public or private setting and con- 
tinuous professional development (CPD) in oral and max- 
illofacial radiology (OMFR) after graduation), were meas-
ured with an online questionnaire using the Qualtrics®xm 
survey platform. 

The chosen metric for the level of the knowledge was 
the percentage of questions answered correctly. Two  
inclusive questions were added to minimize bias. The  
questions were based on questions used in similar  
studies as well as questions formulated specifically for  
this study.3,12-13,20    

The mean, median, standard deviation (SD) and frequen-
cies were evaluated by using R Core Team (2018).21 Ad-
ditionally, the data was also analysed using the Shapiro  
Wilk test for normality, Kruskal-Wallis test with a post 
hoc Dunn test combined with a Bonferroni adjustment, 
Mann-Whitney-U test as well as the Spearman's Corre-
lation analysis.

Ethical clearance was obtained from the University of  
Pretoria Faculty of Health Sciences (Ethics reference  
number: 435/2018).

The final number of 189 returned questionnaires were 
analysed. Since the dental therapists' sample only con-
sisted of 2 (1%) respondents, the group was combined 
in analysis with oral hygienists and named Therapist &  
Oral Hygienist group. Figure 1 presents the qualification, 
percentage and number of respondents in each group. 

The variability of years of experience had a mean of  
11.88 years (SD ± 12.14 years). The dental and oral hy-
giene students were excluded in the calculation of years 
of experience as they were not yet registered as quali- 
fied professionals. The most common practice setting 
was a private practice (49%), followed by a public set-
ting (42%), whereas only a few settings were indicated as  
other. The number of respondents who confirmed that 
they have had CPD training in OMFR during the past five 
years, was 53%, while 8 respondents did not submit an 
answer to this question.

The overall average percentage of correct answers was 
58 %, (SD ± 13.43). Dental students (66%, SD ± 10.72) 
scored the highest average of correct answers, followed 
by the dental specialists (63%, SD ± 9,98). Dentists and 
oral hygiene students submitted 58% of correct answers 
(SD ± 12.16 and ± 8.66, respectively). The least number  
of correct answers was 49% (SD ± 14.44) for the Thera- 
pist and Oral Hygiene category.

The Kruskal-Wallis test was performed to determine if a 
significant difference exists between the score obtained  
by each study group. A post hoc Dunn's test, with a  
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Figure 1. The qualification, number and percentage of respondents (n=189).
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Bonferroni adjustment, was then used to investigate be-
tween which groups the differences exist. A statistically 
significant difference (p<0.05) was found between the  
following groups: Dental Student- Therapist and Oral  
Hygienist, Dental student - Dentist, Dental Specialist - 
Therapist and Oral Hygienist and Dentist - Therapist and 
Oral Hygienist groups. There was no statistically signifi- 
cant difference between the remaining groups.

The association between the score and years of expe- 
rience was assessed using a Spearman correlation test. 
The correlation value was -0.306 indicating a negative 
relationship between the questionnaire score of correct 
answers and the number of years in practice. A non-par-
ametric Mann Whitney U test was used to determine if 
a significant difference exists between the results of the 
groups practising in a public compared with the private 
sector. The p-value (0.0044) of the Mann-Whitney Wilcox

on indicates the statistically significant difference between 
public and private sector results. The average score of 
correct answers for the private sector was 54% and the 
public sector 60%. 

The p-value (0.01274) results showed a statistically sig-
nificant difference between the responders who had CPD 
training in OMFR in the last 5 years and those with no 
training. The mean value of the two groups was 55%  
and 60% respectively. 

The differences between dental specialists and dentists 
were also tested. The Shapiro- Wilk test for normality  
results showed that normality can be rejected at a 5%  
level of significance for the dentists' scores. Since not all 
assumptions held, the non-parametric Mann Whitney U 
tests were used to determine if a significant difference ex-
ists between the results of the two groups. 

The p-value (0.1354) of the Mann-Whitney Wilcoxon 
indicates no significant differences exist between the 
scores of these two groups.

Eight questions had a correct score of less than 50%. 
The results and respondent groups with the questions 
to the lowest scoring questions are presented below in 
Figure 2.

Question 2 and 14 were mutually inclusive and assessed 
the knowledge related to the amount of radiation received 
during dental radiological examinations. Results to ques-
tion 14 indicated that 61% knew that ionizing radiation 

The low-scoring questions

Question 4. Percentage of correct answers by responder groups who 
were aware that a rectangular collimator and a filter has the greatest 
dose reduction effects during an intraoral examination.
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Question 8. Law does not limit the number of dental radiographs 
prescribed annually by dentists (% of correct answers).
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Figure 2. Low scoring questions and the percentage of correct answers per 
responder group.

Question 17. Is it compulsory to use protective devices like lead 
aprons and thyroid shields for the protection of every patient during  
dental examinations in South Africa? (% of correct answers)
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Question 6. The safest position of the operator during the exposure, if 
leaving the room or making use of a barrier is impossible (% of correct 
answers).
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Question 16. Dental radiographs can have deterministic and stochas- 
tic effects in pregnant females (% of correct answers). 
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used in radiological examinations in dentistry has similar 
properties to normal background radiation.

Results to question 2 indicated that 42% of respondents 
correctly knew that the average radiation dose received 
from one digital periapical radiograph can be considered 
lower or can be compared with the average daily back-
ground radiation  dose and  23% were unsure.
 
Question 9 assessed the awareness of the full-body ra- 
diation dose limit of 1 mSv for the general public per year. 
The results indicated that 49% knew the amount of the 
annual full-body radiation dose limit for the general public. 

Only 49% of the responders were aware of certain con-
ditions enabling the exemption of wearing personal mon-
itoring badges in dental clinics in South Africa, which  
was assessed in question 15. 

As Question 4 (Fig. 3) was a multiple-choice question,  
the results of the chosen answers have been additionally 
presented to illustrate the level of knowledge of greatest 
dose reduction effect during intraoral radiographic exam-
ination. Only 26% of respondents knew that using a rec-
tangular collimator with a filter helps to achieve the high- 
est dose reduction effect. 

The study assessed the knowledge and awareness of 
oral health care providers and dental students regarding 
radiation safety, protection and legislation. All oral health  
care providers groups were invited to respond to this 
study. The reason for the low response rate from the  
dental therapists may be due to the lack of interest  
shown towards dental radiology. Nevertheless, their scope 
of practice permits them to take and interpret the full 
spectrum of images.22

There is no officially established level of satisfactory radia- 
tion awareness in South Africa as no such study was 
performed. However,  the current grading system at South 
African Universities requires students to obtain a minimum 
of 50% as the overall mark for dental and oral hygiene 
students in OMFR. Hence a final mark of 50% can be 
considered as a satisfactory benchmark when assessing 
awareness for practicing oral health care providers in  

South Africa. In addition, the answers can also be com- 
pared to similar studies from other countries, however the 
questionnaires and requirements may differ.
 
The results from this study, indicated that radiation aware- 
ness among oral health care providers in South Africa is 
satisfactory as the mean percentage of correct answers was 
58%. The results are comparable to Nigeria23 and Poland,12 
where 59.1% and 64% of correct answers were respec-
tively recorded. The needs for CPD courses, which include 
theoretical and practical training, is, however,  evident.  

The mean percentage of correct answers among dentists 
was 58% . It must be noted that the undergraduate cur- 
ricula have changed dramatically due to the importance  
and demand of OMFR. Former undergraduate training  
lacked sufficient practical exposure to digital radiography  
and Cone Beam Computer Tomography (CBCT). 

Involvement in the form of communication, training and 
education from the regulatory bodies also needs improve- 
ment. However, courses offered in OMFR and radiation 
safety may not always be as attractive compared to other 
clinical courses, which may provide financial gain. 

The Dental Students and Specialist's category presented 
with a higher percentage of correct answers compared 
with the other responder groups. This can be due to 
the novel and more comprehensive training received in  
OMFR. The current curriculum, which includes rigorous 
training in radiation physics, safety, and CBCT, prepares 
the students better as the results indicate. Dental stu- 
dents scored higher compared to the dentists. This is in 
contrast to Poland, where dentists showed higher radia- 
tion awareness.12 

The Public oral health care sector in South Africa seems  
to have a more established radiation safety culture com- 
pared to the private sector. In our study, oral health care 
personnel practising in the private sector showed poorer 
knowledge of radiation awareness (54%) compared to their 
public sector colleagues (60%). Privately practising dentists 
may not receive sufficient information on radiation safety 
and implementing a radiation awareness culture in the 
dental practice needs expertise and a conscious effort.24 

Continues education increased the percentage of correct 
answers. A statistically significant relationship existed be- 
tween having received CPD training in OMFR in the last 5 
years and the awareness of the greatest dose reduction 
effects. Studies in Sweden11 and Poland12 presented with 
similar results. In contrast, no significant associations  
were found when shorter courses ranging from one to  
three days were attended .11 

Only 42% of responders knew that ionizing radiation used 
in dental radiographic imaging has similar properties to 
normal background radiation. However, 61% were aware 
that the average radiation dose received from one digital 
periapical radiograph can be considered lower, or can be 
compared with the average daily background radiation 
dose. The low knowledge level regarding radiation doses 
will complicate patient communication.25

The damaging effects of ionizing radiation can be classi- 

DISCUSSION

Figure 3. The level of knowledge of greatest dose reduction effect during 
intraoral radiographic examination.

Question 4. Which one of the following measure/s will have the 
greatest dose reduction effect during intra-oral radiographic exami- 
nations?
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fied either as deterministic or stochastic. Deterministic 
effects cause tissue reactions and occur only when certain 
exposure thresholds are reached, which never happens  
with exposure levels used in dentistry. Hence, only sto- 
chastic effects can occur.26 In our study, only 16% of  
respondents were aware that dental radiographs cannot 
cause both effects. Insufficient knowledge of radiation  
doses and biologic effects may potentially lead to unnece- 
ssary or insufficient utilization of radiographic imaging. In 
both cases, the result can lead to an increased risk for 
patients. 

A rectangular collimator can reduce radiation exposure by 
60% compared with a circular collimator.27 Only 26% of  
all our respondents were aware of the effects of a rectan- 
gular collimator with a filter and only 11% of the dentists 
answered this question correctly. We also determined that 
the oral health care providers who had training in OMFR 
had more knowledge regarding the greatest dose reduc- 
tion effects. However, our study only assessed knowledge 
and not practice. Our results were similar to a Korean24 
study (20%) and higher than previous studies in Belgium, 
Iran and Australia, where rectangular collimator was used 
only by 5% - 6% of  dentists.13,20,24,28 

It is alarming that 29% of our respondents incorrectly con- 
sidered that a lead apron will have the greatest dose 
reduction effect. It was found that 71% of the oral health  
care providers were not familiar with the current legislation 
stating that it is not compulsory to routinely use protective 
devices like lead aprons and thyroid shields for protection. 
Outdated knowledge of patient safety measures empha- 
sizes the need for more training and access to updated 
information. 

The lack of set dose limits does not imply that radiogra- 
phic imaging in dentistry can be performed without 
justification and optimization.29 A remarkable amount of  
Norwegian medical students (89%) were unaware that 
there are no legal dose limits set for the patients as long 
as the examination is justified.27 In our study, only 31% 
of respondents from the Dental Student's category and  
30% of the dentists answered this question correctly. 

According to our results, half of the oral health care pro- 
viders (50%) incorrectly believed that the law sets the 
limits to the number of radiographs annually prescribed 
by dentists. This finding is similar to a Polish study, where 
approximately half of all the responders knew that such 
a law does not exist.12 No set dose limits for medical 
and dental imaging places the responsibility solely to the  
health care provider to choose the appropriate imaging 
modality and the exposure size. 

The European Guidelines of Radiation Protection and the 
American Dental Association state that there is no contra-
indication for taking a radiograph on a woman who is or 
may be pregnant but that it must be clinically justified.30-31 

In Poland, most of the responders overestimated the  
risk of dental radiographic imaging of pregnant patients.12 
Thirty-nine percent of Iranian dentists indicated that they 
would not perform periapical radiographs on pregnant 
women.20 In our study, 66% of oral health care providers 
knew that performing dental radiographic examinations in 
pregnant women in South Africa is not contraindicated, 

but risks and benefits must be evaluated. A lack of  
awareness may lead to neglecting radiological diagnos- 
tics for pregnant patients when the benefits out-weight 
the risks.12 

Only 24% of oral health care workers knew the safest 
position for the operator during exposure with only 22%  
of the Dentist group providing the correct answer. The  
results for this finding was lower than an Australian 
survey which found that 87% of the participants correctly 
indicated that the position should be at least 2 m from  
the primary beam.28 

However, most of the Belgian dentists (75%) always stood 
in the same spot in their dental office regardless of the 
position of the primary beam.13 In an Iranian study, only 
36% of the dentists used the position and distance rule 
correctly.20 

The regulation regarding the exemption of wearing perso- 
nal monitoring badges were correctly answered by 49%. 
Only 30% of the respondents from the Therapist and Oral 
Hygienists group answered this question correctly. In the 
USA, 22% of oral hygienists who responded to a survey, 
wore dosimeter badges.32 

Only 49% of responders to our study knew the amount of 
the full-body radiation dose limit of 1mSv for the general 
public per year. Sporadic knowledge about occupation-
al radiation safety leads to the general underestimation of  
the potential risks of ionizing radiation exposure.13 

A limitation of this study was the limited number of re- 
spondents, particularly in the dental therapist group. Hence 
the results cannot be confidently compared between 
the dental therapy and the other groups. The number of 
responders in the other responder groups were, however, 
representative to draw valuable conclusions. The pre-pro-
grammed survey tool allowed a responder to proceed to 
the next question before saving the answer to the question 
in hand. 

Therefore, the findings of this study can only be gene- 
ralized  into the results of the positive responses. 

Finally, because the questionnaires were not completed in 
the company of the researchers, there was always the  
possibility that some responders were researching their  
answers on the internet or consulting their peers. There- 
fore, awareness reported may be overestimated.

The results from this study clearly indicate a need for 
improvement in radiation awareness among oral health 
care providers. The time of qualification and the partici-
pation in continues development courses had a positive 
influence on the results. 

Emphasis should, however, be on the development of  
CPD courses to improve knowledge and to increase 
radiation awareness. However, this conclusion can only 
be drawn from the responders of the study and the same 
conclusion cannot be made for the overall awareness in 
South Africa. 

CONCLUSIONS
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