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ABSTRACT 
 
Radiation safety remains a critical concern in medical imaging, particularly in computed tomography (CT) scans, due 
to the relatively high radiation doses associated with these scans compared to conventional X-rays. In Malaysia, few 
studies have assessed radiographers’ knowledge and awareness of radiation safety in CT practice, despite their 
essential role in minimising unnecessary exposure. This study aims to determine the knowledge and awareness of 
radiation safety among radiographers in three selected public hospitals in Malaysia. This cross-sectional survey was 
conducted among 96 radiographers from three selected public hospitals in Malaysia between June and July 2023. Data 
were collected using a validated, self-administered questionnaire comprising sections on demographic characteristics, 
knowledge, and awareness of radiation safety in CT practice. Responses were measured on a five-point Likert scale, 
and data were analysed using descriptive statistics and Chi-square tests after normality checks. The overall level of 
knowledge regarding radiation safety in CT practice was very high (M = 4.28, SD = 0.64). Most respondents demonstrated 
a strong understanding of ionising radiation, dose limitation principles, and the ALARA concept. Awareness levels were 
generally high; however, variability was observed across specific items, particularly those related to occupational dose 
limits and radiation safety considerations for vulnerable patient groups. Educational level was not significantly 
associated with knowledge (p = 0.16) or awareness (p = 0.21). In contrast, years of working experience showed a 
significant association with knowledge level (p < 0.001), but not with awareness (p = 0.12). Radiographers in the 
selected Malaysian hospitals demonstrated a high level of knowledge regarding radiation safety in CT practice, 
although inconsistencies in awareness of certain practical aspects were identified. These findings underscore the need 
for targeted continuing professional education and periodic refresher training to strengthen awareness and promote 
consistently safe CT practices. 
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INTRODUCTION 
 
Computed tomography (CT) is an indispensable 
diagnostic imaging modality due to its ability to 
provide high-resolution cross-sectional images. 
Nevertheless, CT examinations involve 
substantially higher doses of ionizing radiation 
than conventional radiographic procedures, 
raising concerns regarding potential radiation-
induced risks to both patients and healthcare 
professionals. Radiographers, as the primary 
operators of CT equipment, play a critical role in 
implementing radiation protection principles, 
including justification, optimization, and dose 
limitation1. 
 
Safety measures related to radiation have 
traditionally been quite cautious, aiming to 
restrict workers' exposure to radiation2. The 
fundamental radiation safety training provided to 
radiology staff is often limited to undergraduate 

education and may not adequately cover their 
entire professional careers3. Maharjan et al.4 
reported that radiation workers’ understanding of 
safety standards often does not meet expected 
requirements. Partap et al.5 mentioned that there 
must be a difference in understanding radiation 
safety among persons with different backgrounds. 
Owing to insufficient understanding, they often 
need to implement radiation safety during CT 
procedures, such as surpassing the dose limit for 
specific patients or conducting scans outside the 
area of interest6. A study assessing radiology 
personnel in Johor, Malaysia, found gaps in 
understanding current CT technology and 
radiation doses7. Similarly, research among Italian 
radiographers revealed deficiencies in basic 
radiation protection knowledge and dose 
assessment for radiological procedures8. 
 
Radiation exposure to patients and hospital staff 
is frequently higher than in the past5. Adhering 
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to the basic principles of radiation protection, it 
is crucial for achieving accurate and reliable 
outcomes while minimising radiation exposure in 
any medical context involving ionising radiation3. 
As a powerful diagnostic tool, the radiation dose 
of CT scans is higher than that of most imaging 
modalities. Compared to a standard chest X-ray, 
the dose from a chest CT is 100–1000 times 
higher. One CT scan examination is believed to 
be equivalent to one year's worth of radiation 
exposure from both natural and artificial 
sources. Radiation shielding is crucial, as the use 
of CT scans has significantly expanded 10. 
Schuster et al.11 stated that CT scans were 
believed to increase the lifetime risk of cancer. 
Their study was supported by Maharjan et al.4, 
who stated that, in addition to its medical use, 
radiation in CT scans does harm our biological 
systems. Radiographers who are hospital workers 
performing CT scans tend to experience higher 
radiation exposure. 
 
Despite the availability of international guidelines 
and established radiation protection frameworks, 
previous studies have reported considerable 
variation in radiographers’ knowledge and 
awareness of radiation safety, particularly in 
relation to dose optimization and the application 
of diagnostic reference levels. Inadequate 
understanding of radiation safety principles may 
result in suboptimal practice and unnecessary 
radiation exposure. Although several 
international studies have explored radiation 
safety awareness among radiographers, evidence 
from Malaysia—particularly studies focusing 
specifically on CT practice—remains scarce. 
Comprehending the hazards associated with X-
rays, adhering to safety measures, and addressing 
concerns about dosage adjustment in various 
radiological tests are essential to reduce the 
detrimental impacts of X-ray radiation4. Several 
international organisations have offered 
guidelines that include reference doses, also 
known as diagnostic reference levels (DRLs) or 
guiding levels, which aid in maximising the 
patient's radiation protection and enable the 
evaluation of the effectiveness of various CT 
scanners and treatments12. However, it can be 
challenging to implement radiation safety 
regulations as most workers need formal training 
in radiation dose13. While there are no restrictions 
on the radiation dose given to patients, there are 
restrictions on the dose an individual can get at 
work14. Hence, those guidelines should be 
considered when performing procedures in the CT 
scan room. The European Union No. 175 
Guidelines on Radiation Protection Education and 
Training of Medical Professionals state that 
general radiation protection training should begin 
with undergraduate courses and be followed by 
focused update courses15.  
 
The absence of local evidence may limit the 
development of targeted educational strategies 
and institutional policies aimed at strengthening 

radiation protection practices. Therefore, 
assessing radiographers’ knowledge and 
awareness levels, as well as examining their 
relationship with demographic factors such as 
educational attainment and work experience, is 
essential for improving radiation safety standards 
in CT imaging within the Malaysian healthcare 
setting4. A lack of understanding in these areas 
may prevent radiographers from performing risk-
benefit analyses in clinical settings, exposing 
them and their patients to the adverse 
consequences of radiation 2. Zekiolu et al.2 
reported that studies examining the level of 
knowledge and awareness of radiation safety 
practice among healthcare personnel show 
knowledge gaps about the biological 
consequences of radiation. Inadequate knowledge 
and awareness among radiographers can lead to 
suboptimal radiation protection practices, 
potentially increasing the risk of unnecessary 
exposure for patients and staff. This issue is 
particularly pertinent in Malaysia, where limited 
research has been conducted to evaluate 
radiographers' understanding of radiation safety 
in CT imaging. Addressing this knowledge gap is 
essential to enhance safety practices, ensure 
compliance with radiation protection standards, 
and ultimately safeguard public health. Moreover, 
it is important to understand and be aware of the 
risks and benefits of medical exposure15. 
 
This research aims to investigate the association 
between the awareness and knowledge of 
radiation safety in CT scans among radiographers 
in three selected hospitals in Malaysia, with 
varying demographic factors. The specific 
objectives were to determine the level of 
knowledge and awareness regarding radiation 
safety among radiographers in CT practice. The 
second objective was to examine the association 
between selected demographic factors 
(educational level and years of working 
experience) and radiographers’ knowledge and 
awareness of radiation safety.  
 
METHODS 
 
A cross-sectional study design was used to 
evaluate the intervention since the data were 
collected from many individuals simultaneously. 
This study used online Google Forms from June 
2023 to July 2023. A survey questionnaire related 
to the knowledge, awareness, and practice of 
radiation safety among radiographers conducting 
CT scans was utilised, adapted from the research 
conducted by Zekioğlu et al.3, Maharjan et al.4, 
Partap et al.5 and Young et al. et al.16. Data were 
collected using a structured, self-administered 
questionnaire adapted from previously published 
studies. A pilot study involving 30 radiographers 
was conducted to assess the reliability of the 
instrument, and internal consistency was 
confirmed using Cronbach’s alpha15. 
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The research process included disseminating a 
survey questionnaire to radiographers working in 
the radiology departments of Hospital Sultan 
Abdul Halim Kedah (HSAH), Hospital Selayang 
(HSEL), and Hospital Raja Permaisuri Bainun, 
Ipoh (HRPB). The significant number of 
radiographers influenced the decision to select 
the three specified hospitals in Malaysia as the 
study setting. Based on population estimation 
using Raosoft software, a total of 96 (N=96) 
radiographers participated. The survey explained 
the project's purpose, assured confidentiality of 
information, and sought agreement to join the 
study. Participation in the research was 
voluntary, and respondents could decline or 
withdraw at any time without facing any 
consequences. 
 
The selection was for radiographers with 
permanent positions in three hospital radiology 
departments who could comprehend English. 
Those not chosen were contract and locum 
radiographers, doctors, and nurses working in the 
radiology departments of these hospitals. The 
initial section gathers information about 
participants' demographics, including age, 
gender, education level, hospital, and work 
experience. Section B focused on six questions 
highlighting the radiographer's commitment to 
radiation safety in CT Scan practice. These 
questions covered the frequency of ALARA 
practice, adherence to guidelines, and proper 
protocol when handling CT. In Section C, there 
were five questions testing knowledge in CT, 
specifically related to radiation dose limits. 
Finally, Section D emphasised the importance of 
awareness regarding radiation risks and potential 
damage. 
 
Statistical analysis 
Data were analyzed using the Statistical Package 
for the Social Sciences (SPSS) version 27. 
Descriptive statistics were used to summarize 
demographic characteristics and questionnaire 
responses. Normality testing was performed to 
assess data distribution. An independent chi-
square test was used to examine the statistical 
variance in awareness and knowledge levels among 
radiographers from diverse demographic 
backgrounds. The statistical test was set up and 
analysed with a 5% margin of error, a 95% 
confidence interval, and statistical significance 
was set at p < 0.05. Responses were measured 
using a five-point Likert scale ranging from 1 
(strongly disagree) to 5 (strongly agree). Mean 

scores were interpreted as follows: 1.00 - 1.80 
(very low), 1.81 – 2.60 (low), 2.61–3.20 (medium), 
3.21 – 4.20 (high) and 4.21–5.00 (very high)17. 
 
RESULTS 
 
Demographic data of the respondents  
The sociodemographic characteristics of the 96 
radiographers, comprising 33 radiographers from 
Hospital Sultan Abdul Halim, 32 from Hospital 
Selayang and 31 from Hospital Raja Permaisuri 
Bainun, participated in this study. Female 
radiographers comprised 56.3%, while male 
radiographers comprised 43.8%. The results show 
that the lowest 21.9% of the respondents are 
below 23. About 17.7% are in the second range, 
23-25 years old, considered the least. The third 
age range, from 26-28, shows 24.0%, and the most 
significant frequency is 36.5% from the group aged 
28 and above. The highest academic qualification 
of respondents comprises a diploma (65.6%), a 
bachelor's degree (30.2%), and a master's degree 
(4.2%). The frequency of the radiographers in 
Hospital Sultan Abdul Halim, Kedah, is 34.4% 
(n=33), the largest population compared to the 
other two hospitals. About 33.3% (n=32) of 
radiographers in Hospital Selayang answered the 
question, while 32.2% (n=31) of respondents in 
Hospital Raja Permaisuri Bainun, Ipoh. Most of the 
radiographers have less than 1 year of working 
experience (31.3%), followed by 1-2 years 
(30.2%), 3 years of experience (27.1%) and 2-3 
years (11.5%).  

 Analysis of the first objective 

 

 Respondent's knowledge regarding radiation   

safety in CT scan  

There are five questions that were used to assess 
the knowledge level among radiographers, 
showing a very high outcome of the overall mean 
(M=4.28, SD= 0.64). Most radiographers know how 
a CT scan involves ionizing radiation (M=4.80, 
SD=0.48). They were followed by knowledge of 
the principle of dose limitation (M=4.29, 
SD=0.90), and they did understand the ALARA 
principle (M=4.28, SD=0.91). Comparatively 
lower mean scores were observed for knowledge 
related to occupational dose limits (M=4.17, 
SD=1.00) and the appropriate timing of CT 
examinations for women of childbearing 

potential (M=3.86, SD=1.14), based on Table 2.  
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Table 1: Overall findings for the level of knowledge 
 

Knowledge N Mean Std.Deviation Level 
96 4.28 0.64 Very High 

Table 2: Respondent's knowledge regarding radiation safety in CT Scan 

Knowledge N Mean Std.Deviation Level 

 I know CT Scan involve the usage 
of X-ray and ionizing radiation. 

 

96 4.80 0.48 Very High 

I know the  occupational 
 annual dose limits. 
 

96 4.17 1.00 High 

I understand the meaning of As 
Low As Reasonably Achievable 
(ALARA). 
 

96 4.28 0.91 Very High 

I understand the principle of 
dose limitation in radiation 
protection. 
 

96 4.29 0.90 Very High 

I know the safe timing to 
perform tests in CT for women 
of child-bearing potential. 

96 3.86 1.14 High 

Analysis of the second objective  

Association between different demographics  

factors and the level of knowledge 

 

A chi-square test was utilised (with a significance 

level of p<0.05) to assess whether there is an 

association between radiographers' level of 

knowledge and their highest academic 

qualification or experience in CT scans. Table 5 

shows that the association between radiographers' 

knowledge and different educational levels was 

not statistically significant, as indicated by a chi-

square value of X2(4, N=96) =6.55 and a p-value 

of 0.16. On the other hand, the association 

between radiographers' knowledge and different 

experience levels was statistically significant, as 

shown by a chi-square value of X2(6, N=96) =22.42 

and a p< 0.001. 

 

An independent chi-square test was employed 

with a significance level of 0.05 to assess the 

association between radiographers' level of 

awareness, their highest academic qualification, 

and CT work experience. Table 6 shows that both 

educational levels X2 (4, N=96) =5.92, p=0.21 and 

different levels of experience X2 (6, N=96) 

=10.13, p=0.12 were not statistically significant 

with the level of awareness among radiographers 

related to radiation safety in CT scans. 

 

DISCUSSION 

 
The findings from this study indicate that 
radiographers from three selected hospitals have 
excellent knowledge and good awareness of 

radiation safety in CT practice. The null 
hypothesis, which stated that radiographers have 
a low level of knowledge about radiation safety 
in CT scans, should be rejected. Previously, 
Maharjan has also carried out similar studies, 
which resulted in adequate knowledge among 
radiographers. The study shows that 82.8% of 
correct responses to the CT scan question involve 
using X-rays4. Based on this research, about 96.8% 
of radiographers know that a CT scan involves the 
use of X-ray and ionising radiation; meanwhile, 
only three out of 96 respondents need 
clarification about the fundamentals of CT scans. 
This confusion might be due to unawareness of 
the source of radiation. Most of the radiographers 
should have known how CT involves radiation due 
to previous knowledge and education. This may 
reflect the presence of established institutional 
protocols, routine training programmes, and 
adherence to recognised radiation protection 
guidelines18.  
 
However, a study by Jha et al.19 stated that only 
39.8% of participants knew the basic radiation 
sources and protection principles, as a lack of 
basic knowledge may lead to unwanted radiation 
doses for the patient. More than 80% of the 
radiographers in this study agreed that they have 
high knowledge about dose limitation, as low as 
reasonably achievable (ALARA) principle, and the 
occupational annual dose limit. This poses a good 
knowledge result since radiographers must 
diligently not harm patients and apply ALARA 
principles to every examination (The Practice 
Standards for Medical Imaging and Radiation 
Therapy Radiography Practice Standards Preface 
to Practice Standards, 2017). A similar study in 
Johor, Malaysia, by Karim et al.7, shows that the 
respondents needed more knowledge of CT 
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technology to optimise image quality and dose. 
This is supported by Fiagbedzi et al. 20, who 
report a high level of knowledge among 
radiographers. Thus, there is more room for 
improvement to ensure that knowledge is put 
into practice to enhance proper safety measures, 
ensure effective work and reduce the negative 
effects of ionising radiation. This includes how 
radiographers should have better knowledge 
regarding safe timing to perform tests in CT for 
women of childbearing potential. This research 
shows that about 35.4% of radiographers must 
learn and clarify their knowledge of when to 
perform CT tests for women with childbearing 
potential. 
 

Based on the study's findings, the level of 
awareness among radiographers in selected 
hospitals in Malaysia is beyond good. According to 
Khong et al.21, pediatric patients have a higher 
average risk of developing cancer than adults 
receiving the same dose. This is supported by 
Kutanzi et al.22, who stated that it is generally 
about potential risks, while another study by 
Hadley and Watson23 shows that only 23% inform 
about potential risks. In a similar study by 
Maharjan et al.4, about 77.1% answered the same 
question correctly. This need for greater 
awareness of basic 

 

Table 3: Overall findings for the level of awareness 
 

Awareness N Mean Std.Deviation Level 
96 4.28 0.53 Very High 

Table 4: Respondents' awareness regarding radiation safety in CT Scan 

Awareness N Mean Std.Deviation Level 

  I am aware that radiation is present         
inside the CT scanner 

  all the time, 24 hours a day. 
 

96 3.84 1.34 High 

  I am aware of the 
 susceptibility to radiation damage. 
 

96 4.28 0.82 Very High 

I am aware that patients should be 
informed about 
radiation risk. 
 

96 4.36 0.82 Very High 

I am aware of how pregnant women 
should be ascertained 
before performing a CT scan. 

96 4.16 1.00 High 

I am aware of the difference in dose 
limitation at each part of the body of 
occupational and 
public exposure. 
 

96 4.34 1.78 Very High 

I am aware that paediatric patients 
are more sensitive toward radiation. 

96 4.72 0.61 Very High 

 
Table 5: The association between different demographic factors and the level of knowledge  
 
Knowledge    X2(df) p-value 

Demographic Data    Poor 
    N (%) 

 Average 
N (%) 

Good 
N (%) 

  

Education Level 
Diploma    27       18    18 6.55(4) 0.16 
Degree    11      12         6 
 
Years of Working Experience 
Less than 1 year    20       3   7 10.16(6) <0.001 
1 – 2 years    13       9     7 
2 – 3 years     2       6     3 
3 years above     3      13    10 
Note. N= number of participants; %= percentage; X2=chi-square statistic; df=degree of freedom, 
p-value=significant value *(p<0.05) 
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Table 6: The association between the level of awareness and academic qualification  and 
experience in CT scan 

 
Knowledge    X2(df) p-value 

Demographic Data    Poor 
    N (%) 

 Average 
N (%) 

Good 
N (%) 

  

Education Level 
Diploma    31       12    20 5.92(4)   0.21 
Degree    11      10         8 
 
Years of Working Experience 
Less than 1 year    19       6   5 10.13(6)   0.12 
1 – 2 years    12       8     9 
2 – 3 years     5       2     4 
3 years above     6       8    12 

 
knowledge of ionising radiation should be 

highlighted and improved. Several studies have 

also concluded a substantial need for 

radiographers to improve their awareness. In-

service training for radiographers should be 

provided using up-to-date study documents, with 

adequate radiation protection training protocols, 

and patient communication and protection 

guidelines should be mandated (Maharjan et al.)4. 

 
The chi-square was used to analyse the 
association between educational level and 
working experience with the level of knowledge 
and awareness. This study shows there is no 
statistically significant difference between the 
education level and the level of knowledge of 
radiographers about radiation safety in CT scans, 
since the p-value is greater than p>0.05. A study 
by Abdulkadir et al.24 reported no significant 
relationship between the level of education and 
the number of scans done per shift, with the 
awareness and knowledge of DRLs. Meanwhile, 
different years of working experience showed a 
statistically significant difference in the level of 
knowledge. A similar study by Fiagbedzi et al.20 
also shows that radiographers with more working 
experience possess a higher knowledge and 
awareness score (123.25 ± 11.50) in radiation 
protection. This is supported by Mojiri and 
Moghimbeigi25, according to whom employees 
with less work experience had correspondingly 
less knowledge of the undesirable effects of 
radiation. Thus, they should be strongly 
recommended to improve their knowledge of 
biological effects and basic radiation safety and 
update it by enhancing their expertise.  

 
Based on the awareness level among 
radiographers based on this research, both 
sociodemographic data of educational level and 
working experience are not statistically 
significant to each other. That means 
radiographers with less working experience and a 
low level of education could be more aware of 
radiation safety than radiographers with more 

working experience and a high level of education. 
This is supported by Lee et al.26, who stated that 
no significant relationship between job 
experience and safety awareness was seen in 
radiation safety. A study done by Abdulkadir et 
al.24 reported that radiographers with 4 to 10 
years of working experience had the highest 
average awareness score, while radiographers 
with 10 years and above of working experience 
had the lowest score regarding general 
knowledge of radiation protection, dose 
optimisation, and DRLs as an optimisation tool. 
Despite that, continuous education programs, 
training courses, and institution-based dose 
evaluation were recommended for radiographers 
to improve their level of awareness (Abdulkadir 
et al)24. Dehghani et al.27 declared that young 
radiographers with lower educational 
backgrounds have a higher awareness level than 
other age groups. Thus, this study rejects the null 
hypothesis that there is no significant difference 
in awareness and knowledge of radiation safety 
in CT scans in correlation with demographic 
factors among radiographers in selected hospitals 
in Malaysia. 

 
This study has several limitations. An initial 
limitation is the limited group of respondents in 
this study. The study only includes radiographers 
from three randomly selected hospitals in 
Malaysia. Besides, the group of respondents may 
include radiologists or nurses who work in the 
medical imaging department to differentiate 
their practices, knowledge, and awareness 
toward radiation safety in CT scans in future 
studies. On the other hand, the participation of 
radiographers with high educational levels is low 
in this study. The ratio between 35 diplomas is 
doubled, and only 4 out of 96 radiographers have 
a master's background. 

 
CONCLUSION 

This study emphasises that radiographers in three 

selected hospitals demonstrated a high level of 

knowledge regarding radiation safety in CT 
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practice; however, variability in awareness of 

certain practical aspects was identified. CT scans 

expose patients to much higher radiation doses 

than standard radiography, which raises the 

possibility of radiation-induced side effects. Even 

though CT is still an essential imaging technique, 

misuse and a lack of knowledge about safety 

precautions can result in needless exposure. 

Continuous professional development initiatives 

and targeted training programs are recommended 

to strengthen awareness and ensure the 

consistent application of radiation protection 

principles in CT imaging. Radiographers can 

significantly reduce radiation risks while 

preserving excellent diagnostic accuracy by 

increasing awareness of and adherence to 

radiation safety protocols. 
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