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This study was carried out with the purpose to identify relationships between independent 

variables and Radiation Safety Awareness among health professionals in University Malaya 

Medical Centre. Therefore, health professionals’ knowledge regarding radiation and their 

healthy behaviour/attitude during work time and management commitment was evaluated by a 

questionnaire. Data was collected using a close ended questionnaire and was analysed using 

IBM SPSS Statistics Version 20.0 software. The study group included a total of 150 

individuals.  The research was conducted using close-end questionnaire which encompass a set 

of questions divided into five parts concerning demographics, radiation safety awareness, 

knowledge, behaviour/attitude and management commitment. Findings shows that that 

knowledge of health professional and management commitment have a significant effect on 

radiation safety awareness, whereas behaviour/attitude has no significant effect on radiation 

safety awareness. As a conclusion all health professionals should be evaluated, and training 

programs should be scheduled. In addition, there is a need for mandatory improved education 

and training of all health professionals in principals of radiation safety to ensure compliance 

with radiation safety regulations. For future research, a higher number of respondents and 

hospitals will be more significant and could produce more distinct results.  

Keywords: Awareness, Intraoperative imaging, Ionizing radiation, DNA damage, Shielding, 

Distance, Dose reduction, Knowledge, Behaviour/Attitude, Management Commitment 
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ABSTRAK 

Kajian ini dijalankan dengan tujuan untuk mengenal pasti hubungan antara pemboleh ubah 

bebas dengan Kesedaran Keselamatan Radiasi di kalangan Kumpulan Profesional Kesihatan di 

Pusat Perubatan Universiti Malaya. Oleh itu, pengetahuan Kumpulan Profesional Kesihatan 

tentang radiasi dan kelakuan/sikap mereka semasa bekerja, serta komitmen pihak pengurusan 

dinilai melalui  borang soal selidik. Data telah dikumpul menggunakan soal selidik, dan 

dianalisis menggunakan perisian IBM SPSS versi 20.0. Seramai 150 orang telah terlibat dalam 

kajian ini. Kajian dijalankan menggunakan soalan tertutup yang merangkumi satu set soalan 

yang dibahagikan kepada lima bahagian iaitu demografi, kesedaran keselamatan radiasi, 

pengetahuan, kelakuan/ sikap dan komitmen pihak pengurusan. Keputusan menunjukkan 

bahawa pengetahuan Kumpulan Profesional Kesihatan dan  komitmen pihak pengurusan 

mempunyai kesan yang signifikan terhadap kesedaran keselamatan radiasi, manakala 

kelakuan/sikap tidak mempunyai kesan yang signifikan terhadap kesedaran keselamatan 

radiasi. Sebagai kesimpulan, semua Kumpulan Profesional Kesihatan perlu dinilai dan program 

latihan harus dijadualkan. Di samping itu, mewajibkan penambah baikan dalam pendidikan dan 

latihan berkaitan keselamatan radiasi adalah perlu untuk memastikan peraturan keselamatan 

radiasi sentiasa dipatuhi. Bagi cadangan penyelidikan akan datang, keterlibatan pelbagai jenis 

hospital dan penambahan bilangan adalah lebih signifikan dan mungkin akan menghasilkan 

keputusan yang berbeza. 

 

Kata kunci: Kesedaran, Pengimejan intraoperatif, Radiasi pengionan, Kerosakan DNA, Perisai, 

Jarak, Pengurangan dos, Pengetahuan, Kelakuan / Sikap, Komitmen pihak pengurusan 
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CHAPTER 1 

 

INTRODUCTION 

1.1Background of Study 

The growing technical advancements have significant changes, with huge effects on 

the way human live. This is because, technology has become a fundamental part of 

human daily routine. Also, the technological advancement has contributed to the 

medical field, in which patients have benefited and recognized it quickly by adopting 

and incorporating it into the clinical routine without evaluation (Hertault et al., 

2014). For example the introduction of CT and MRI scans, including surgical 

navigation which are being perform inside the operation theatre itself,  are for safer 

surgery with their scope and benefits (Bruschi et al., 2014).  

 “Navigation in surgery”, which depend on the clinical complications is considered 

as a broad area, that may have different purposes. It is a perfect example of the 

current modern technology in the medicine fields. This is because it helps transform 

surgery into safer and minimally invasive surgeries, but in terms of radiation safety, 

the awareness level of health professionals are still inadequate or unimportant (Omay 

& Barnett, 2010). However, there has been speedy technical progress in surgery 

navigation, reducing more complicated procedures, and unlocking new unity (Jung et 

al., 2006). An example is a simple localization tool used in the surgical theatre, 

which is now the centrepiece of technology employed in surgery. 

Nowadays, medical imaging has been a vital tool to health professionals in 

diagnosing diseases. X - rays, fluoroscopy, mammography, computed tomography 
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(CT) and Positron Emission Tomography (PET) are common diagnostic modalities, 

although the use of ionizing radiation in these modalities has created a potential risk 

for healthcare professionals and patients. This is because ionizing radiation is said to 

be causing hazardous effects on biological systems. As identified in most studies, 

there are two types of radiation effects (stochastic and deterministic effects) are 

available in human health. The stochastic effect is an independent dose effect that 

can bring about a disease, such as cancer in human body (Wrixon, 2008; Yucel et al., 

2009). The dependent dose or deterministic effect, such as radiation burn and acute 

radiation syndrome, are immediate. High  energy radiation, such as x - rays and 

gamma rays, is beneficial for tumour reduction and destruction of cancer cells in the 

human body  (Yunus, Abdullah, Said & Ch'ng, 2014). 

A hybrid operating theatre is a built in computed tomography (CT) scanning 

machine, that is attached to an operating theatre room (Hertault et al., 2014). Along 

with it is a rail-track system where the gantry can be pushed over into the operating 

theatre room and over the patient. On the other hand, intra-operative CT scanning is 

mainly used for removal of tumour, cervical lesions or other intracranial lesions. 

Based on this, CT scan images can be obtained from patients on the operating table, 

while the surgical wounds are still open but well draped and positioned. This method 

has proven to saves more times and better preparation for further surgery (Kaneko & 

Davidson, 2014).  

Currently, surgeons can perform complex procedures with the introduction of 

intraoperative CT imaging, with best possible patient care and the sterility of the 

operation room. This latest operation room design has been known to be one of the 

most modern developments in the surgical field (de Ruiter, 2015). The design of the 
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operating room, intraoperative imaging techniques, as well as collaboration of 

departments has played an important role in the current medical field. Additionally, 

there is sufficient evidence of clinical trials proving that image-guided interventions 

produce better clinical results, thereby making it possible for the treatment of new 

patient groups. Unfortunately, there is none on the health professional’s radiation 

awareness in intraoperative CT imaging (Kaneko & Davidson, 2014). Intraoperative 

imaging assists in the quality and complexity of interventional surgery, such as 

cardiac, vascular and endovascular surgery respectively, as well as neurological and 

spinal surgery.  

On the other hand, radiation is known as the energy that is transmitted or emitted in 

the form of particles or waves, which can penetrate human and substance. As such, 

there are two types of radiation; (i) Non- Ionizing radiation and (ii) Ionizing 

radiation, which are based on its substance effects (Pala, Turkkan, Gucer, Osman & 

Aytekin, 2009). The non-ionizing radiation have an electromagnetic wave that 

possess low frequency and energy, which does not allow it to generate ions that can 

cause adverse effects in the body. Ionizing radiation is caused by unstable atoms that 

generate energy to reach a more stable state, it is harmful to human health because it 

involves changing the basic composition of atoms in cells, and more specifically the 

DNA molecules inside cells. 

Non-ionizing radiation on the other hand, such as microwave and radio energy is 

only measured as dangerous when it transfers heat to a substance. Having said that 

non-ionizing can cause harmful effects similar to those caused by ionizing radiation, 

such as increased cancer risk due to damage to DNA molecules. 
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Imaging procedures universally require radiation protection, this is because of the 

fact that ionizing radiation knowledge normally provide an exposure risks among the 

healthcare professionals, thereby serving as an important planning for diagnostic 

therapy and procedures (Szurowska, 2015). Conversely, in modern medicine, the 

important role plays by radiology cannot be over emphasized. This is because almost 

all of the interventional and diagnostic radiology procedures are involve the use of 

ionizing radiation. However, even with imaging outweighing benefits, there is still a 

growing concern of the risk of radiation due to adverse biological effects as a result 

of ionizing radiation.   

For example, there must an adequate proper knowledge on radiation awareness and 

safety for any health professionals to be assigned to work in a medical imaging 

department. As such, there must exist a perpetual conduct and provision of 

professional researches and courses for this personnel’s, in order to improve their 

awareness and better understand about safety of ionizing radiation. Recently, there 

has been  a number of radiation safety studies and awareness of knowledge among 

medical professionals in other countries (Elnari, Noor, & Yueniwati, 2016; Jeong et 

al., 2015; Kaya et al., 2017; Senemtaşi et al., 2018; Szarmach et al., 2015). 

Nowadays, nurses working at the radiology department assist and provide 

professional care to patients in imaging procedures, as well as in interventional 

procedures. Moreover, the instruments and equipment require during the examination 

are also prepared by nurses. As such, it is essential for them to be educated on 

radiation and  protection techniques  (Soye & Paterson, 2008).  
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In this study, knowledge, management commitment, behaviour/attitude of healthcare 

professionals and demographic factors has been chosen as the independent factors 

that may influence radiation safety awareness.  

Healthcare workers who do not work with radiation directly often do not have 

sufficient knowledge on the risk of radiation and this may also cause direct change in 

their attitude towards radiation protection. For instance, the issue with radiation dose, 

which is about how to use the minimal amount of it required to reach maximum 

patient outcomes and as well as to health professional who are exposed. However, 

the amount of radiation exposure is correlated with both image qualities. Increased 

X-ray dose rates may improve image quality, but higher dose has adverse effects on 

patients and health professional that works there and put them at risk for short and 

long-term deterministic and stochastic radiation hazards.  

A possible explanation is that attitude towards radiation protection practice may 

prevent important practical knowledge. According to the World Health Organization, 

effective management commitment is required to implement workers with the 

necessary skills, knowledge and attitude/behaviour.  Demographic factors on the 

other hand were selected in order to determine whether educational level, clinical 

experience and gender has a difference on radiation safety awareness. 
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1.2 Problem of Statement 

Worldwide, about 3,600 million and above diagnostic radiology examinations are 

being carried out. Malaysia on the other hand, has about 1,800 health institution 

working with ionizing radiation, (Noriah, 2006). All over the world, there has 

been benefit of application of ionizing radiation daily in the diagnosis and 

treatment of patients. As such, highly developed radiation technology has opened 

new perspective in interventional, diagnostic radiology, radiotherapy and nuclear 

medicine. The rapid use of ionizing radiation in health care institutions has caused 

a major increase in the exposure of patients and health workers to radiation 

hazards, resulting as the major man-made source radiation exposure (Sinnott, Ron 

& Schneider, 2010). This claim shows proof of inadequate knowledge of radiation 

safety among health care professional, hence are at the risk of occupational 

exposure (Booshehri, Ezoddini-Ardakani & Nozari, 2012).  

 

Therefore, all healthcare professionals working with radiology should be given 

training on radiation protection techniques. This solely depends on management 

commitment. However, the main issue is that the non-radiologist specialists and 

nurses are often involved in radiology procedures and have limited knowledge on 

radiation protection techniques. 

 

Experience has shown that in an operating theatre, the use of radiation normally 

relies upon by several procedures which has led to continuous exposure. 

However, radiologist, medical offices of radiology and radiographer (radiation 

technologist) now wears a radiation batch to manage the level of exposure 

received. Contrarily, it is not the same for surgeons and nurses as they are 
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exposed, including the rest of the team working in the radiation area, hence the 

need to address this issue. Although a number of studies have involved similar 

radiation issue, but none has been done in a hybrid operating theatre (Alavi et al., 

2016; Kang & Lee, 2013). Usually, operation theatre healthcare team work with 

an image intensifier I-I machine which produced an equivalent dose as X ray 

machine. CT machine however, has a higher radiation dose compared to the use 

of conventional X ray. For example, 400 chest X rays is equivalent to a single CT 

scan of chest.  

 

1.3 Research Question  

1.3.1 Are there any differences between demographic factors, such as (age, 

gender, educational level and designation) and radiation safety awareness 

among the health professionals working with radiation in a hybrid operation 

theatre at university Malaya medical centre?  

1.3.2 Are there any relationship between knowledge, management commitment, 

behaviour/attitude of healthcare professionals and radiation safety 

awareness among the health professionals working with radiation in a hybrid 

operation theatre at university Malaya medical centre? 

1.4 Research Objective. 

1.4.1. To determine the differences between demographic factors, such as (age, 

gender, educational level and designation) and radiation safety awareness 

among the health professionals working with radiation in a hybrid operation 

theatre at university Malaya medical centre.  



8 
 

1.4.2  To determine the relationship between knowledge, management 

commitment and behaviour/attitude of healthcare professionals and 

radiation safety awareness among the health professionals working with 

radiation in a hybrid operation theatre at university Malaya medical centre 

 

1.5 Significant of Study  

The rapid use of ionizing radiation for medicine purpose, in particular higher dose 

examinations, like interventional and computed tomography (CT) radiology have 

brought about severe safety and health concerns for health care professionals and 

both patients as well. 

Available studies show almost a tripled number of CT examinations, during the last 

15-year period, contributing to 60% and above of the overall collective dose from X 

ray examinations (Hart & Wall, 2004). New advanced technology in hospital 

institutes requires collaboration of departments resulting in the increase in number of 

health professionals working together. Therefore, healthcare and radiation protection 

communities are required to work for the improvement of radiation protection culture 

around their surroundings. Also, an agreement that can recognizes the multiple health 

benefits is needed to be established, in order to assure that the risks are minimized, as 

the hospital imaging centres are amongst the areas in which there is a high potential 

risk. 
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1.6 Scope of Study  

This study scope covers healthcare professionals in a hybrid operating theatre, of 

University Malaya Medical Centre (UMMC), initially called University Hospital, 

which is a funded medical institution by government and located in Pantai Dalam, 

the southwest corner of Kuala Lumpur, Malaysia.  A hybrid operating room is a 

surgical theatre, installed with medical imaging devices, like CT scanners, or MRI 

scanners and fixed C-arms. It is a full functioning operating room where imaging 

capability are developed.  

Hybrid operating rooms are normally complex environments in which more number 

of surgeons, nurses, anaesthesiologists, and technicians work effortlessly together. A 

hybrid operating room is an alternative to conventional operating room that is 

equipped with advanced medical imaging systems and devices, to support high 

quality interventional imaging and minimally invasive surgeries. As such, this study 

focuses on the knowledge, management commitment and behaviour/attitude of 

healthcare professionals on radiation safety awareness.  
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1.7 Organization of thesis  

This research involves five chapters.  The first chapter covers background of the 

thesis, statement of problems, objectives, research questions, and operational 

definition of terms, significance, scope, and organization of the study. Thereafter, the 

second chapter covers the review of literature, the biological effects of radiation, 

knowledge of health of workers on radiation safety, behaviour/attitude of healthcare 

workers on radiation safety, radiation safety, management commitment and insight to 

intraoperative radiation.  

 Previous studies reviewed in this study have link ideas towards instituting a model 

which describes the relationships. As such, in order to connect these relationships, 

the third of this study describe the proposed methods and techniques, including the 

research paradigms, research framework, hypothesis development, research design, 

data collection procedures, sampling techniques and techniques of data analysis, 

among others. This study chapter 4 focus on describing the analysis of data and 

findings. While chapter five, involve the summary of key findings based on the 

research objectives. In addition to that, chapter five will highlight the theoretical, 

methodological and practical implications of the findings. Finally, recommendation 

and suggestion for future research will be made. 
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CHAPTER 2 

LITERATURE REVIEW 

2.0  Introduction  

 The introduction to scope of study and review of related literature is covered in this 

chapter.  

2.1 University Malaya Medical Centre   

UMMC an educational institution was planned to be an integral part of the medical 

centre, which is under the overall authority of the council of the University of 

Malaya. As such, the University is saddled with the funding of the hospital through 

the ministry of education. Additionally, the management board of the hospital 

include the ministry of health, while the treasury and the university are also well 

represented, including two representatives of the public nominated by the university 

chancellor. The duties of this board are to ensure that the hospital decisions and 

administrative procedures are in the public interest and serve the general good of the 

patient. This board will also be responsible for the hospital financial management 

and other service matters regarding general staff. 

2.2 Theory on Awareness 

Situational awareness theory was adapted for this study. Situational theory is the 

knowledge of all relevant aspects of your environment in order to safely accomplish 

a task. It is set of beliefs about what happens and what the person should do based on 

the interpretation of the information available and the concepts and skills of a person 

developed over time and responded to the “theory of the situation ". Maintaining 
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situational awareness requires training, experience, personal attitude and 

management skills (Smith & Handcock 1995). 

 

Figure 2.1 

Theory Model of Situational Awareness 

Source: Journal of Cognitive Engineering and Decision Making, 2015 

 

2.3 ALARA  

Education has proven to be an essential part of managing radiation safety. As such, 

every individual involved must understand how and what in regard to handling of 

radiation, issues relating to dose optimisation, and safety precautions, in order to 

protect self and patient from unnecessary exposure. Therefore, healthcare 

professionals are required to be sufficiently trained so as to preserve the (ALARA 

principle). ALARA is a safety principle established to minimize radiation dose 

received by radiation workers using practical and cost-effective measures. Available 
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literature reviewed in this study, shows that the education towards radiation 

protection of healthcare professionals is poor. In another study, radiation risk 

assessment, the knowledge of resident and paediatric fellows found that only 35 % of 

medical practitioners have adequate radiation risk knowledge from common 

radiological exams (Salerno et al., 2015). Conversely, only 65 % of trainees in an 

Irish orthopaedic study showed low compliance attendance to a radiation safety 

course, while 69% were aware of the ALARA principal. Furthermore, 96 % of the 

study respondents reported using lead aprons, but a lower percentage usually used 

thyroid shields or dosimeters. Adding on, about 62% of them did not believe in the 

use of more protection for pregnancy. However, some studies have shown negligence 

of adherence to safety protocols, to include the thought that a protocol is unnecessary 

or unavailability of protective equipment (Nugent, Carmody & Dudeney, 2014).  

In a separate research, which involves basic surgical trainees, there is also the 

demonstration of lack of adherence or knowledge to radiation protection techniques. 

This is because, only 18% of the study respondents reported to be using protective 

equipment for radiation safety during their training. While 24% reported preferred 

the used of thyroid shield (Khan, Ul-Abadin, Rauf & Javed, 2010).  

2.4 Radiation effects in physics perspective  

There is the need to understand several units of measurement of radiation exposure. 

Radiation effects in physics perspective differ according to their units of 

measurement. The effects and their measurement are as follow: As such, a single 

dose of radiation will possess various effects depending on the form of radiation and 

tissues affected.  
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Table 2.1 

Units of measurement 
Unit Measurement 

  

Gray  (Gy) Absorbed dose 

Sievert (Sv) Equivalent dose 

  

 

As a result, a single dose of radiation has different effects depending on the type of 

radiation and the tissues involved. 

2.5 Review of related literature  

2.5.1 Radiation 

In 2011, The International Radiological Protection Commission (IRCP) has lowered 

the lens dose limits eyes for workers. The deterministic threshold is now considered 

0.5 Gy, whereas the equivalent dose limit was set at 20 mSv / year with an average of 

5 years or more, having no single year exceeding 50 mSv (instead of 150 mSv per 

year as was previously reported the eye dose limit) (Balter et al.,2010). 

The occurrence of the adverse effects of X rays have caused and triggered many 

health researchers to do scientific world of radiation protection and raise its 

awareness among health professionals and as well public. As a result,  many 

researches, like personal radiation protective equipment was introduced, leading to 

the past of legislations,  defining the limit values and established regulations for 

radiological protection of the patient and medical practitioners (Panuccio et al., 

2011). The safety of patients and staff emphasis in every diagnostic or therapeutic 

procedure involving ionizing radiation has been seen very important. As such, health 

professional whose’ work setting involved radiation has to comply with the ALARA 
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principal and perform the appropriate scans with possibly lowest doses of ionizing 

radiation allowing to obtain the desired diagnostic effect and reduce exposure to 

patient staff and public.  

Physicians and other health professionals need to be aware of radiation hazards and 

protection techniques in order to get the required benefits from radiation while 

minimizing the associated risks (King, Pitcher & Smail, 2002). On the other hand, 

another study conducted a study to assess the awareness and knowledge of Saudi 

medical awareness of radiation protection measures, among 372 students and doctors 

about hazards of ionizing radiation, using a 20-item multiple choice questionnaire. It 

was revealed that, almost all respondents (98%) have low scores in all items related 

to ionizing radiation hazard (Salih et al., 2014).  

Radiological imaging is now the key diagnostic tool in providing images of patients 

deathly underlying diseases in many cases, which is far greater to what can be seen 

with the naked eye (European Society of Radiology [ESR],2009; Goldsmith, 2011).  

Studies have shown that radiation possesses negative biological effects on living 

organisms may vary depending on exposure duration and dose (Brenner et al., 2003). 

Mathews et al. (2013) stated that there is no minimal threshold dosage in the effect of 

radiation, therefore the harmful effects require at least 1 to 2 decades to be apparent. 

Over a century, it has been learned that radiation has been used for many important 

purposes. However, sources of radiation, such as linear accelerators X ray machines, 

and radionuclide are being employed for clinical and research purposes in the 

contemporary world. These remarkable findings can sometimes lead to hazardous 

situation for personnel who work within the hospital (Phillips, 2016). In a report by 

the World Health Organization, it states that the presence of ionizing radiation 
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utilization in medicine has prompted major enhancements in the determination and 

treatment of human infections. 

A studies in the UK shows, in many types of cancer cases, a patient developed 

prostate cancer following an exposure to ionizing radiation in his/her pelvis regions  

(Myles et al., 2008). A number of available literatures have also shown that the risk 

and knowledge of radiation dose acquired during radiological examinations is 

inadequate (Arslanoğlu et al., 2007; Brown et al., 2013; Dawson et al., 2007; Günalp 

et al., 2014; Lee et al., 2004; O’Sullivan et al., 2010; Soye et al., 2008; Wong et al., 

2012). As such it is the scholars  believed  that there is  inadequate knowledge among 

medical professionals about radiation risk that can be acquired by patients and the 

failure to accurately answer inquires by patients (Borgen & Stranden, 2014;Foley et 

al., 2013). 

According to some scholars, medical health professionals often need to stay in the 

scanning room to help patients with CT exams (Fodor, Heilmaier, Mayor, 

Weishauput & Zuber).In Switzerland, a ‘traffic light system’ was developed to 

measure radiation doses at different locations in the scanning room, so that the 

physician staff are able to relate to it. In this method, coloured stickers were attached 

on the floor reference. As a result, the traffic light system was appreciated by the 

medical staff, especially by non-radiologists, who can now look at the floor to see 

where they should be to get the lowest dose (Fodor et al., 2016).  

Conversely, radiology is considered one of the most valuable inventions and an 

important area for future innovations and improvements. This includes various 

advanced imaging methods and modalities from conventional x - rays to 

fluorography and fluoroscopic procedures. Usually, there is the need of more scans, 
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which will be frequently to monitor the development of a disease that is already 

being treated or diagnosed. There are so many advantages of radiology dose, but the 

highlight of its ionizing radiation that may occur to human biological tissues is very 

important. Therefore, there is a significant roles played by radiology in public health 

improvement (Khong et al., 2013). 

Moreover, in a report by UNSCEAR (2008), globally, medical exposure has been 

reported to be the second biggest source of ionizing radiation exposure to humans. 

According to their report, it contributed about 95% and above. Between 1997 and 

2007, the number of image studies per year was estimated at around 3,6 billion 

(Querido & Poveda, 2015). In a study about exposure to nursing team on radiation, 

found in an interview of thirty employees who reported contact with radiation, that 

only 11 about 39.3 % used some type of protection, while only 2, 7.1% used 

dosimeter. The results suggest the need to train all professionals regarding the safe 

and conscious use of radiation, thus minimizing future health related problems.  

2.5.2 Demographic factors  

Demographic characteristics, like  age, education level and gender was identified to 

have an influence and understanding of the warning information because of its 

cognition influence (Laughery & Wogalter, 2014; Wogalter, Conzola, & Smith-

Jackson, 2002). Conversely, a study by Banda, (2006) on a survey of four target 

sectors (agricultural, industrial, transport and consumer) in Zambia, revealed that the 

level of education, age and gender did not influence the comprehension of GHS label 

elements, like colours, signal words and symbols among consumers 

.  
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2.5.3 Biological Effects of Radiation  

Ionizing radiation consist of electromagnetic spectrum portion with enough energy to 

pass through matter, thereby able to remove orbital electron to form ions that caused 

biological adverse effects to human tissue (Holmes, 2011).  The attenuated radiation 

on the other hand, is called absorbed dose and is measures in Sievert (Sv). Whereas, 

high dose radiation has been defined as more than 1Sv, increasing to 20-60Sv, 

representing the common range used in radiation therapy. Also, medium dose and 

low dose has been identified as 100-1000mi Sievert (mSv) and less than 100mSv 

respectively (Kepros et al., 2013). The absorbed radiation results in tissue damage 

and its effects can be classified as stochastic or non-stochastic. Nevertheless, through 

practical radiation protection practice non stochastic effect may be prevented, as such 

able to reduced stochastic effects  (“First ICRP Symposium on the International 

System of Radiological Protection,” n.d.).  

Arslanoğlu et al.(2007) stated that even though ionizing radiation is widely used in 

diagnostic radiology there is still necessity to limit its usage for medical purposes 

because of its harmful biological effects on living organisms. In  a study by Kumar et 

al.(2013) it was reveal that exposure to ionizing radiation contributes to highly fatal 

deoxyribonucleic acid (DNA) damage.  

It has also been proven that surgical patient and staffs are usually exposed to scatter 

and direct radiation. Direct radiation is the radiation from the beam, which is 

absorbed by the source. It is the principal source of exposure to radiation for the 

surgeon and the patient. Scatter radiation is source radiation that is deflected from the 

surface and usually the patient in an operational setting. As many different types of 
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radiation are present, ionizing radiation is the most concern when it comes to the 

development of pathology.  

The radiation pathological effects can be described as either deterministic or 

stochastic. However, deterministic effects are short - term effects only after a certain 

threshold exposure to radiation has been achieved. These effects will worsen later if 

it passes threshold value set (Christensen, Iddins, & Sugarman, 2014). Effects of 

deterministic effect include skin erythema, hair loss, cataract formation and skin 

burns (Lee et al., 2012; Mendelsohn et al., 2016). While the threshold for 

deterministic effect can be controlled via careful monitoring, stochastic effects on the 

other hand possess more dangerous effects, which are commonly associated with 

teratogenesis and carcinogenesis (Giordano, Baumhauer, Morgan, & Rechtine, 2009; 

Mendelsohn et al., 2016). A study by Mastrangelo et al.(2005) show a significant risk 

for tumour development if working as an  orthopaedic surgeons  in a survey of 

cancer incidence, that was conducted among 316 healthcare employees. The study 

concluded that this increase was possibly the result of exposure to radiation, 

including poor occupational safety practices among orthopaedists. 

2.5.4 Knowledge of healthcare workers on radiation safety 

The level of knowledge healthcare workers was poor in Middle Eastern Countries. 

Healthcare team working in an operation room as technicians, nurses and staff do not 

know the amount of radiation and radiation protection rules, they are unaware of 

radiation hazard (Kaya, Maimaiti, & Didem, 2017). It has been reported that doctors 

performing radiological procedures had higher rates of death related to cancer than 

any other doctor (Fishman, Smith, Meleger & Seibert, 2002). Radiation protection 

has the likelihood to limit hazardous effects from ionizing radiations (Maryam& 
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Abbas, 2011). Awareness and knowledge of the application of radiation protection 

techniques plays an important role in safe working. Okeji et al. (2010) emphasized 

that radiation protection is described as a conduct to minimize patient and staff 

exposure to radiation during x - ray exposure. These radiation protection equipment 

include lead aprons, lead glasses, lead gloves, gonad shields, thyroid shields, patient 

immobilization devices, and radiation area signs (Rostamzadeh, Farzizadeh, & 

Fatehi, 2015). Fatahi-Asl et al. (2013) mentioned that the right use of personal 

protective equipment and compliance to the instructions and regulations for 

protection against ionizing radiation can greatly reduce unnecessary exposure. 

It has been detected that, when health care professionals, during non-invasive 

procedures do not have enough knowledge on the harmful effects of radiation, health 

of employee and patients can be exposed to high dose radiation (Yucel et al., 2009). 

Luntsi and Babagana (2016), on assessment of Knowledge and Attitude of Nurses 

towards Ionizing Radiation during Theatre/Ward Radiography, found that 

respondents had good knowledge of ionizing radiation and about 60.4% knew the 

source of benefit and the potential harm of ionizing radiation. It has also been said in 

this study that this is probably due to general knowledge about radiation associated 

hazards. These findings are in agreement with a study by Rassin et al. (2005) who 

found that majority about 70% of the nurses had average knowledge on radiation. 

Alotaibi et al. (2011) on the other hand, found that nurses lack knowledge on 

radiation sources and radiation protection methods.  
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2.5.5 Behaviour/attitude of healthcare workers on radiation safety  

Maryam & Abbas (2011) agrees that awareness levels of radiation of health 

employees affect their behaviour.  If they are knowledgeable enough their behaviours 

will not be reliable. Luntsi and Babagana (2016) on assessment of Knowledge and 

Attitude of Nurses towards Ionizing Radiation during Theatre/Ward Radiography 

found that respondents had positive (good) attitude towards ionizing radiation 

whereas 70% of them practice good radiation protection with the use of personal 

protective equipment (PPE). This may be due to fear of radiation motivating them 

either ignorantly or intentionally to implement good radiation protection practices. 

These findings however, once again differ from another study who found that there 

was average knowledge on radiation, most of the respondents do not follow radiation 

safety methods (Rassin et al., 2005). Miller et al. (2010) found a significant lack of 

radiation protection knowledge and practice among studied cardiologist. However, 

high radiation protection knowledge does not necessarily lead to adherence of 

radiation protection practice. Eze et al. (2013) mentioned that attitude towards 

radiation protection practice may prevent the significant knowledge for 

implementation of practice. 

2.5.5 Management Commitment  

As stated earlier, management commitment plays a huge role in safety. This is 

because safety matters have been demonstrated at the highest levels in an 

organization, and thereby must be achieved and maintained through the means of an 

effective management system. As such, the safety system applied has to be integrated 

in all elements of management, in order to establish safety and protection 

requirements coherently with other requirements, such as those for health, quality, 
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and protection, human performance of the environment and security, as well as 

economic considerations. Its application also has to ensure the promotion of safety 

culture, application of lessons learned from experience and regular assessment of 

safety performance.  

Safety culture includes collective and individual commitment to safety from various 

stakeholders of organisation, ranging from leadership, management and personnel at 

all levels. The term ‘management system’ include and reflects the concept of ‘quality 

control’ (controlling the quality of products) and its evolution was through ‘quality 

assurance’ (the system for ensuring the quality of products) and ‘quality management 

system’ (the system for managing quality).  However, unnecessary exposure to 

radiation may result from carelessness, because of lack of knowledge, 

overconfidence in working with radiation, and/or underestimation of potential 

dangers, adding on, a systematic management that can detect such risks may be 

lacking. 

2.5.6 Personal Protective Equipment (PPE) 

Generally, healthcare professionals are usually familiar and comfortable with PPE, it 

has become an important aspect of them. This is because, the PPE contains lead that 

blocks scattered x-rays. There are a number of PPE designs which can be worn by 

staff in the operating room. Aprons can be front shielding with one piece or offer 360 

° coverage. Two- piece clothes that have a combination of overlapping jacket and 

skirt to better distribute weight. These boards are assessed in lead equivalent; the 

thickness of the lead should be at 0.5mm of thickness to block scattered rays. 

(Bahari, Morries & Broe, 2006).  



23 
 

As such, it become a must for lead aprons to be checked annually for any damages 

(such as cracks from improper storage or folding), that may cause x-rays to pass 

through it, A different and important PPE may include thyroid shields. This is one of 

the most sensitive organs to radiation. However, the protection offered by this 

thyroid shield in the operating room has been demonstrated by previous study 

(Bahari et al., 2006). 

 

2.5.7 Scattered radiation 

In addition to reducing exposure to direct radiation, the knowledge of scattered 

radiation can reduce exposure. The ALARA principles are used to reduce the amount 

of exposure to radiation without compromising image reliability (Hendee & Marc, 

1986) 
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CHAPTER 3 

METHODOLOGY 

3.0 Introduction  

This chapter discussed the research design, population and sample, data collection 

instruments, sources and proposed procedures for data analysis. The various methods 

and techniques employed for data collection and analysis were mentioned in detail. 

On the last section the selection of location, time and units of analysis as well as 

sample technique and size to be adopted.  

3.1 Research Design 

This section is about methods used to carry out this research, the participants and 

the criteria for inclusion and exclusion, how data for this research was collected. 

The research focuses on Radiation Safety Awareness among Health Professionals 

working in a hybrid operation theatre (Intraoperative CT scan unit).  

This research study adopts a 

• A quantitative approach as it provides more detailed content analysis to 

search for any systematic analysis on focused objectives. Quantitative 

methods are best to measure up data in an efficient way, make 

generalizations to the entire population or experiment theory with 

hypothesis (Creswell & Clark, 2017).  
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3.2 Research Framework  

Independent Variables     Dependent Variables 

 

 

 

 

 

 

Figure 3.1  

Research Framework 

 

Firstly, the framework depicted above has been developed based on previous 

literature. Secondly the design of the framework correlates with the knowledge of 

healthcare workers on radiation safety awareness, management commitment and 

behaviour/attitude of healthcare workers on radiation safety. It demonstrates the 

factors that may influence Radiation Safety Awareness. Some studies show that non - 

compliance with radiation safety can be attributed directly to the lack of knowledge 

and training of the company's employees. Other references emphasize the lack of 

radiation protection skills in certain hospitals as the main cause of non – compliance 

(Friberg, Widmark, Solberg & Wohni, 2011) 

 

 

 

Demographic  

 

Radiation Safety Awareness  

Knowledge  

Management Commitment 

Behavior/Attitude  
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3.2.1 Hypothesis 

From the above framework it can be assumed that demographic factors may have a 

significant difference on Radiation Safety Awareness and there may be a relationship 

between knowledge, management commitment and Radiation Safety Awareness. The 

hypotheses developed for this study are as follow: 

i) HA1 

There is a difference between demographic factors (gender, age, clinical 

experience (year), educational level, position) and Radiation Safety 

Awareness among the health professionals working with radiation in a 

hybrid operation theatre at University Malaya Medical Centre.  

ii) HA2 

There is a relationship between knowledge, management commitment 

and behaviour/attitude of healthcare professionals and Radiation Safety 

Awareness among the health professionals working with radiation in a 

hybrid operation theatre at University Malaya Medical Centre. 
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3.2.2 Variables  

This study is made up of one dependent variable and three independent variables, as 

described below. 

3.2.2.1 Dependent Variable  

Dependent variable is the variable that depends on other factors that are measured. 

The dependent variable in this study is Radiation Safety. Radiation safety can be 

defined as the protection of people and the environment against ionizing radiation 

beams. In other words, it is to provide protection against the harms of ionizing 

radiation in practices where radioactive substance and similar sources of radiation are 

being used (Brateman, 1999). 

 

3.2.2.2 Independent Variable 

Independent variables are stable and unaffected measured variables. The independent 

variables in this study are as follow:  

a) Demographic factors  

Demographic factors were used to define the characteristics of a person or 

population. It includes variables such as age, gender, clinical experience, educational 

level, position, job related characteristics (World Health Organization [WHO], 

2008). In this study we examine the differences between each variables and 

Radiation Safety Awareness. 
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b) Knowledge of healthcare workers on Radiation Safety  

Knowledge is defined as facts, information and skills gained through experience or 

education, a subject's theoretical or practical understanding (Popanda, Marquardt, 

Chang-Claude & Schmezer, 2009).  

In this study, the knowledge, perception and mitigation of radiological examination 

hazards was assessed, focusing on health workers who are not in radiation related 

occupations but who use ionizing radiation as part of their work 

c) Management Commitment  

It is clear that without a strong commitment to management, a successful quality 

management system will not exist (ISO 9001). This is not a commitment in words; it 

is the continuous and active demonstration to all in the organization that the need to 

meet the expectations of customers is essential. In this study management is 

committed to the ALARA philosophy to maintain as low as reasonably achievable 

occupational and public radiation doses. It is a management priority for all staff 

using radioactive materials to be aware of and to be instructed in our commitment to 

the ALARA philosophy. 

d) Behaviour/ Attitude  

An attitude is a mental psychology. It's a person's way of thinking about situations 

and ultimately determines the behaviour of a person. Behaviour is defined by a 

person's actions based on particular stimuli (Shrigley, 1990). Attitude and behaviour 

are directly related because good behaviour leads to positive behaviour and bad 

attitudes lead in most cases to negative behaviour. In this study healthcare workers 

awareness levels in terms of radiation protection affects their behaviours.  
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3.3 Operational Definition  

Below are the operational definitions for each variable used in this study. 

i) Demographic factors 

Demographic factors were used to define the characteristics of a person or 

population. It includes variables, such as age, gender, clinical experience, educational 

level, position, job related characteristics (WHO, 2008). 

ii)   Knowledge of healthcare workers on Radiation Safety 

Knowledge is defined as skills, facts and information acquired through a practical or 

theoretical understanding of a subject through education or experience. The 

perception, knowledge and mitigation of the risks involved in radiological 

examinations have been determined in this study. As such, focusing on healthcare 

personnel who work with radiation and those who are not in radiation related 

occupations is important (Yurt, 2014). 

iii) Management Commitment 

Quality management system comes from a solid management commitment (ISO 

9001). Management commitment is a continuous and active demonstration to every 

person in the organization that the need to customer expectations is important. In this 

study, the management is committed to the ALARA philosophy of maintaining 

public and occupational radiation doses to a minimum.  This is because the 

management has the responsibility to ensure that all personnel using radioactive 

materials adhere to the philosophy of ALARA, in order for it to be implemented in 

the procedures. 
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iv) Behaviour/ Attitude 

An attitude is a mental psychology. It's a person's way of thinking about situations 

and ultimately determines the behaviour of a person. Behaviour is defined by a 

person's actions based on particular stimuli. Attitude and behaviour are directly 

related because good behaviour leads to positive behaviour and bad attitudes lead in 

most cases to negative behaviour (Shrigley, 1990). In this study healthcare workers 

awareness levels in terms of radiation protection affects their behaviours.  

3.4 Sampling Method  

3.4.1 The population of the Study  

A population is defined as a group of people with specific characteristics and from 

whom a sample is drawn to determine parameters or characteristics (Creswell & 

Clark, 2017). Population is also described as supposedly specified aggression of 

study elements from which the sample is selected. This study was carried out with 

the purpose to identify whether there are relationships between independent variable 

with compliance to Radiation Safety Awareness among health professionals in 

University Malaya Medical Centres. Total population for this study were 250 

individuals. Probability sampling is very rare and its require involvement of all the 

participants which is very rare in healthcare research. Convenience samples of 

healthcare professionals working in target area which is the hybrid operating theatre 

were used in this study.  
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3.4.2 Sample Size  

Appropriate sample size is significant to determine the most appropriate sample size 

for a research survey. Krejcie & Morgan, (1970) sample size determination criteria 

was adapted for this study because it takes into consideration the level of confidence 

and precision for ensuring that sampling size error is drastically minimized. Table 

3.1 provides a generalized guideline for sample size decision (Sekaran & Bougie 

2010). The suggested sample size for given population of 250 is approximately 150 

respondents.  

3.5 Questionnaire Design 

The questionnaires consist of five sections (APPENDIX A) 

i)     Section 1: Demographic 

ii)    Section 2: Radiation Safety Awareness  

iii)   Section 3: Knowledge of Health Professionals on Radiation Protection  

iv) Section 4: Behaviour/Attitude of Health Professionals towards Radiation                   

protection  

v)   Section 5: Management Commitment  
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Table 3.1 

Questionnaire  

Variables  Source Number of 

instrument 

Scale 

Demographic (Kang & Lee, 

2013) 

6 Multiple 

Choice 

Radiation Safety 

Awareness 

(D'souza, 

D'cunha & 

Suresh, 2013) 

4 Likert Scale 

‘1’ signifies 

completely 

disagree 

‘6’ signifies 

completely 

agree 

Knowledge of 

Health 

Professionals on 

Radiation 

Protection 

(Kang & Lee, 

2013) 

7 Likert Scale  

Behaviour/Attitude 

of Health 

Professionals 

towards Radiation                   

protection  

 

(Kang & Lee, 

2013) 

7 Likert Scale 

Management 

Commitment 

(Kang & Lee, 

2013) 

6 Likert Scale  
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The approached that were used in designing the questionnaire of this study are as 

follow: 

a) The questions were arranged logically and were relevant to the medical students 

b) The information sheet was developed and used as cover page 

c) Similar questions were grouped together in different sections of the questionnaire.   

3.6 Selection of Survey Instrument  

There are many methods of collecting primary data, for example, through 

questionnaires, observations and interviews. Within all the methods, questionnaire is 

a well-accepted mean of collecting data because it can involve many people or 

organizations and it is much cheaper. As such, questionnaire was used in this study 

as the main source of collecting data. The questionnaire used in this research is 

adapted from the questionnaire constructed by (D'souza, D'cunha & Suresh, 2013; 

Kang & Lee, 2013). This questionnaire compiles a total of 30 questions which were 

structured and had mainly uses likert scale.  

 

3.6.1 Reliability and Validity  

Questionnaires are most commonly used in research data collection methods. 

Reliability and validity are therefore important in the design of a questionnaire. 

Questions in questionnaire were appropriately formulated in this research study to 

address the objective of the research study. By using previously validated 

questionnaire the reliability and validity had been demonstrated. The questionnaires 

were tested using the Cronbach alpha to determine the reliability of this instrument. 
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3.7 The Pilot Study  

A pilot study was conducted, among the subjects similar to those that were used in 

this study in order to check consistency as data collection. The piloting of the 

questionnaire was also done to validate the accuracy of the questionnaire as to 

whether or not the questions were understood clearly by participating subjects in the 

pilot study.  

The questionnaire was tested among 30 health professionals working in the targeted 

area. During the pilot study the aim of the study was explained before administrating 

the questionnaire to those wiling to participate in the study. No participant either 

wanted clarity on any aspect of the questionnaire, asked questionas or raised any 

concerns. Piloting therefore confirmed that the questionnaire was designed 

adequately. It was understood and did not require any revison.   

 

3.8 Inclusion/ Exclusion Criteria 

3.8.1 Inclusion Criteria  

Inclusion criteria are all health professional (Nurse, Surgeons, M.O Radiology, 

Anaesthetic, hospital attendant, operation theatre technologist) working in targeted 

are which is CIGMIT,UMMC, a hybrid operating theatre consisting of a CT scan 

machine which emits radiation in order to obtain images anatomy of a patient.   
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3.8.2 Exclusion Criteria 

Exclusion criteria are Radiation Technologist which is a Radiographer to omit bias as 

Radiographers are well trained and certified in Radiography. 

 

3.9 Research Ethics 

Prior to commencing this research, ethical approval from University of Malaya 

Medical Centre Research Ethics Committee (APPENDIX B) has been obtained. 

Apart from their personal information, participants have been assured that there will 

be no other risks to the potential health professionals involved in this research. They 

were also educated that all data was stored electronically on a dedicated hard drive 

and computer and that the researcher only knows about. All data will be destroyed 

when the result is complete. 

 

3.10 The Administrative of the Survey Instruments 

 

3.10.1 The Data Collection Procedure 

 

Written permission was sought and obtained from the management and Head of 

Department of departments involved in this study (APPENDIX B), requesting for 

their kind cooperation and assistance in data collection. The highest form of 

assurances was given to the respondents assuring them that all information given will 

be handled with utmost confidentiality and respect at all times during the period of 

the study. Potential respondents were given a week to complete the questionnaire.  
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There are so many ways through which questionnaires can be distributed. It can 

either be self -administered, through the postal agency, using the hand phone, and 

other   internet based social media platforms. The use of any of these mediums will 

have to depend on the researchers choice, financial leverage, latitude of time, the 

factor of response rate and as well as other important criteria that are critical to the 

study (Frazer & Lawley, 2001). For the purpose of this study, the researcher adopted 

two medium for the data collection procedure. Questionnaire was personally 

administered as well as links were sent via a service on mobile device which is the 

Whatsapp service.  

Researchers are of the opinion that personally administered questionnaire have some 

advantages which includes guaranteeing high response rate, reduction in interview 

biased and it also leads to the benefit of mutual personal contact (Dobbs, Oppenheim, 

& Thompson, 2011). Furthermore, it establishes the grounds for researchers to make 

clarifications which clears any room for doubt, it provides necessary information that 

the respondents may need and finally, it allows the researcher to retrieve filled and 

completed questionnaire within the shortest possible time (Sekaran & Bougie, 2013).  

3.11 Analysis of Data  

Analysis of regression was used to investigate the relationship between dependent 

and independent variables. Regression analysis studies the relationship between one 

or more independent variables by a dependent variable. The questions have been 

coded to facilitate analysis using Statistical Packages for the Social Science (SPSS) 

to measure the relationship and differences between variables using Measurement 

from Gaussian Population as the data was normally distributed, such as mean, SD, t-
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test, ANOVA and regression were used. In this study, the data was analyzed using 

the IBM SPSS Statistics Version 20.0 software.  

3.11.1 Data Screening  

It is important to note that before primary analysis is done, data would be examined 

in other to ascertain data entry accuracy, outliers and distributional properties. The 

task of  screening of data  is important before doing  a multivariate analysis simply 

because it helps the researcher in recognizing of the main rules that guides the use of 

multivariate techniques for data examination (Saidu & Zabedah, 2014). Hence, data 

screening was conducted by examining the basic descriptive statistics and frequency 

distribution. 

 Preliminary screening of the data enables researchers to be more familiar with the 

data collected for the purpose of subsequent study. The process and steps taken to 

analyze the quantitative data were data screening and cleaning, assessing normality 

and reliability analysis. 
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CHAPTER 4 

RESULTS 

4.0 Introduction  

In this chapter, the data that has been analyzed. Quantitative research involves 

critical analysis, statistical understanding and figures to capture the key results. The 

method of data analysis includes collective discusses in the absence of primary data. 

4.1 Demographic and Job-Related Characteristics  

The main element of the descriptive analysis is that it is based on data from past 

times. It is usually interpreted in practice by charts and dashboards. Contrasting to 

inferential statistics, descriptive analysis draws conclusions regarding population that 

based on sample data. It also differs from the predictive analysis, as it does not 

predict the future trends and results.  

 

A total of 130 respondents, participated in this research. Table 4.1 shows that 32.3% 

of the participants were male and 67.7% were female. Our study found that the 

majority of the respondents were female. The age distribution of respondents 

revealed that a high percentage of the respondents age were between 25-34 years old 

which sums up, to 76.2%. The study shows that most respondents were nurses 

36.2%, 46.9 %, are nearly even with respondents who are not married 50.8%. 

Regarding their education background, about 50.8% of the respondents had diploma, 

about 12.3% are SPM and degree holders, followed by 22.3% are Master holders. 

Respondents who had a Ph.D. were about 2.3%.  Moving onto clinical experience, 

majority of the respondents had experience for about 5 to 9 years 37.7%. Finally, as 

for as designation (job title), Nurses were 36.2%, followed by Attendants and 
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Radiology Medical Officers both were 23.1%. The Anaesthetist and Surgeons were 

the least contributorsto the survey 3.8% and 6.2% respectively. 

Table 4.1 

Demographic Data  
No. Demographic variable N % 

1 Gender   

 Male 42 32.3 

 Female 88 67.7 

2 Age   

 18-24 Years Old 11 8.5 

 25-34 Years Old 99 76.2 

 35-44 Years Old 16 12.3 

 45-54 Years Old 4 3.1 

3 Education   

 SPM/STPM 16 12.3 

 Diploma 66 50.8 

 Ijazah 16 12.3 

 Master 29 22.3 

 PhD 3 2.3 

4 

 

Marital Status 
  

 Single 66 50.8 

 Married 61 46.9 

 Divorced 3 2.3 

5 Clinical Experience   

 Less Than 1 Year 15 11.5 

 1-4 Year 44 33.8 

 5-9 Year 49 37.7 

 Over 10 Years 22 16.9 

6 Job Title    

 Anesthetist 5 3.8 

 Attendant 30 23.1 

 Nurse 47 36.2 

 Operation Theatre Technology 10 7.7 

 Radiology Medical Officer 30 23.1 

 Surgeons 8 6.2 
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4.2 Normality tests 

Normality test was carried out to investigate data distribution. Data distribution 

should be identified before proceeding with statistical analysis. Parametric analysis 

requires data to be approximated normal. There were many statistical tests that can 

be utilized to examine data distribution including histogram, steam and leaf, 

Kolmogorov Smirnov, steam and leaf and skewness and kurtosis. Hair et al. (2006) 

stated that the use of Skewness and Kurtosis value provides a more accurate 

measurement of normality. The data was considered approximately normal when the 

value of skewness and kurtosis is in between ±3 (Garson et al., 2012). The findings 

demonstrated the values of skewness ranged in between -1.289 to -0.131 while 

kurtosis values ranged in between -0.620 to 0.663 which in the suggested range. 

 

Table 4.2   

Normality test 
 Skewness Kurtosis 

Statistic Std. Error Statistic Std. Error 

Radiation Safety Awareness     -.131 0.212 -.620 0.422 

Knowledge of Health Professionals on 

Radiation Protection  
     -.292 0.212 -.127 0.422 

Behaviour/Attitude of Health 

Professionals Towards Radiation 

Protection 
    -1.289 0.212 .663 0.422 

Management Commitments         -.727 0.212 -.037 0.422 
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4.3 Descriptive Statistics  

i) Radiation Safety Awareness  

The below-given table demonstrates the descriptive results of each construct. The 

findings of descriptive statistics were presented by computing mean and standard 

deviation.  The results disclosed the mean of the construct ranged in between 3.60-

3.85, respondents were asked to indicate their opinion on Radiation Safety 

Awareness. As illustrated in Table 4.2, concerning the question on whether “Regular 

radiation protection survey (audits)” were conducted or not most of the respondents 

were neutral. As for the second question which is whether or not “the written 

operating procedure is readily available” majority of the respondents neither agree 

nor disagree. Similarly, when the respondents were asked about the system for 

reporting of incidents and near-incidents, not only a higher percentage of respondents 

strongly agree that there is but most of them were neutral as well. In the final 

question concerning safety device test performance and documentation, no clear 

perception was made. 

 

Table 4.3 

The descriptive results of radiation safety awareness 
No. Statement Mean SD 

RSA1 Regular radiation protection survey (audits) are conducted 3.62 1.04 

RSA2 The written operating procedure is readily available 3.63 0.95 

RSA3 
There is a system for reporting of incidents and near-

incidents 
3.85 1.01 

RSA4 
Quarterly safety device test is performed and documented in 

the log 
3.60 0.93 

 Overall 3.68 0.75 
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Figure 4.1 

Mean comparison of radiation safety awareness 

 

 

ii) Knowledge of Health Professionals on Radiation Protection  

Table 4.3 below demonstrates the descriptive results of seven items including 

KNOW1, KNOW2, KNOW3, KNOW4, KNOW5, KNOW, KNOW6, and KNOW7. 

The outcomes of descriptive statistics have been presented by computing mean and 

standard deviation. The results displayed the mean of the items ranged from 2.67 to 

4.36, indicating their reactions against the statements. Most of the respondents 

agreed with the statement that the time of radiation exposure should be minimized as 

much as possible to reduce external exposure to radiation. The second statement on 

“Radiation exposure above the permitted limit is associated with fetal 

malformation” respondents showed a positive reaction while very few of them were 

against the statement.  

Moving on to construct KNOW3 (the distance from an equipment generating 

radiation is related to safety during radiation), most respondents agreed with this 

statement. Similarly, majority of respondent (65.4%) agreed with the statement 
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stating that radiation exposure above the permitted limit damages DNA of the 

human body. Next on KNOW5 ‘radiation (scattered ray) shatters when patients body 

is exposed to X-ray, doesn’t affect the humanbody since it is secondary generated, 

most respondent were neutral on this but also strongly disagree with it. While for 

KNOW6 on whether or not ‘There are X-ray, α-ray, beta-ray, and gamma-ray in 

kinds of radiation’ most of them were neutral about but also strongly agree.  Lastly, 

for KNOW7 ‘It is possible to shield the body from X-ray using lead’ the 

respondents reacted positively. 

Table 4.4 

The descriptive results of knowledge of health professionals on radiation protection 
No. Statement Mean SD 

KNOW1 
To reduce external exposure to radiation, the time exposed 

to radiation should be minimized as much as possible 
4.36 0.76 

KNOW2 
Radiation exposure above the permitted limit is associated 

with fetal malformation 
4.11 0.86 

KNOW3 
The distance from an equipment generating radiation is 

related to safety during radiation 
4.08 0.95 

KNOW4 
Radiation exposure above the permitted limit damages 

DNA of the human body 
3.83 1.10 

KNOW5 

Radiation (scattered ray) shattered when patient’s body is 

exposed to X-ray, doesn’t affect the humanbody since it is 

secondarily generated. 

2.67 1.24 

KNOW6 
There are X-ray,⍺-ray, beta-ray, and gamma-ray in kinds 

of radiation 
3.80 1.07 

KNOW7 It is possible to shield the body from X-ray using lead 4.10 0.98 

 Overall 3.85 0.58 
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Figure 4.2 

Mean comparison of knowledge health professional on radiation protection 

 

 

 

iii) Behaviour/Attitude of Health Professionals towards Radiation Protection  

Table 4.4 demonstrates the descriptive results of seven constructs, which are ATT1, 

ATT2, ATT3, ATT4, ATT5, ATT6, and ATT7. The results of descriptive statistics 

are presented by computing mean and standard deviation. The results showed the 

range of mean ranged from 4.35 to 4.67.  From the below table, it has been revealed 

that although all the following statements were accepted by the respondents, some of 

the statements do have more acceptance than others. The item  ATT5 (Warning signs 

should be posted to alert personnel to potential hazards at entrances to operating 

theatre where radiological equipment is in use) shows the highest acceptance while 

ATT1 (Lead shielding should be used at entrances to operating theatre rooms and 

procedure rooms where radiological equipment is in use) has the lowest acceptance 

from respondents.  The remaining items (ATT2, ATT3, ATT4, ATT6, and ATT7) 

were moderately accepted by respondents. 
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Table 4.5 

The descriptive results of behavior/attitude of health professionals towards radiation 

protection 

No. 
Statement Mean SD 

ATT1 

Lead shielding should be used at entrances to operating 

theatre rooms and procedure rooms where radiological 

equipment is in use. 

4.35 0.84 

ATT2 

Personnel with known or suspected pregnancy should declare 

this condition. And pregnant workers should be careful when 

exposed to radiation. 

4.65 0.69 

ATT3 
Personnel should have a medical examination associated with 

radiation 
4.51 0.73 

ATT4 
Personnel should receive education and training to include 

radiation safety. 
4.60 0.71 

ATT5 

Warning signs should be posted to alert personnel to potential 

hazards at entrances to operating theatre where radiological 

equipment is in use. 

4.67 0.59 

ATT6 

Shielding devices should be handled carefully, visually 

examined before use, and x rayed at least annually to detect 

and prevent damage that could diminish their effectiveness. 

4.46 0.79 

ATT7 
Restricting access to operating rooms during fluoroscopic 

procedure except for the staff with a shielding device. 
4.45 0.74 

 Overall 4.53 0.59 
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Figure 4.3 

Mean comparison of the behavior of health professionals towards radiation 

protection 

 

iv) Management Commitments  

Table 4.5 demonstrates the descriptive results of six items including MC1, MC2, 

MC3, MC4, MC5, and MC6. The results of the descriptive statistics were presented 

by computing mean and standard deviation. The results showed the levels of the 

mean for items, which ranged from 3.88 to 4.53.  From the table below, it has been 

revealed that although the majority of the items were accepted, few of the statements 

were rejected too. The item MC1 (Appropriate warning signs posted at the entrance) 

has been highly accepted (M=4.53) followed by items MC2 (M=4.28) and MC6 

(M=4.00) respectively.  
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Table 4.6 

The descriptive results of management commitments 
No. Statement Mean SD 

MC1 Appropriate warning signs posted at the entrance. 4.53 0.76 

MC2 A regulation for protection against radiation is available 4.28 0.90 

MC3 Radiation Safety Manual available 3.98 1.06 

MC4 
Recommended shielding done for the walls of an X-ray 

room/CT suite. 
4.34 0.90 

MC5 There is radiation safety programme 3.88 1.12 

MC6 There is a Radiation Safety committee in the hospital. 4.00 0.94 

 Overall 4.17 0.77 

 

 
Figure 4.4 

Mean comparison of management commitments 
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4.4 Findings of the Study  

 

4.4.1 Objective 1: The differences between Radiation Safety Awareness and 

Demographics 

i) Gender 

The below independent t-test has been computed to examine the differences between 

gender and radiation safety awareness. The results of the study revealed that there are 

no differences between gender and radiation safety awareness [df=128, t=0.513, 

p>0.05]. This indicates that awareness of radiation safety does not relate with the 

gender. As reported the mean score of radiation safety awareness among male was 

(3.73±0.74) while for a female was (3.65±0.77). 

Table 4.7 

The independent t-test results of radiation safety awareness according to gender 

 
Gender N Mean SD t df sig. 

Radiation Safety 

Awareness 

Male 42 3.73 0.74 .513 128 .609 

Female 88 3.65 0.77    

 

ii) Education 

The following ANOVA test was computed to study the differences between 

education and radiation safety awareness.  The outcomes have demonstrated that 

there are no differences between radiation safety awareness [df4,125=1.821, p>0.05].  

The mean score of radiation safety awareness ranged from 3.28-3.88. It can also be 

seen that the mean score for master’s degree holders was highest (3.88±0.74) while 

for SPM/STPM was lowest (3.25±0.64). 
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Table 4.8 

The ANOVA test results of radiation safety awareness according to education 
Education N Mean SD F sig. 

SPM/STPM 16 3.28 0.64 1.821 .129 

Diploma 66 3.66 0.82   

Ijazah 16 3.81 0.51   

Master 29 3.88 0.74   

PhD 3 3.58 0.63   

            df (4,125) 

iii) Clinical Experience 

The ANOVA test was calculated to study the differences between clinical experience 

and radiation safety awareness.  The results of this test have revealed that there are 

no differences between clinical experience and radiation safety awareness 

[df5,124=.904, p>0.05].  It is noticed from the table below that the mean score of 

radiation safety awareness for clinical experience was ranged from 3.52-3.88. As 

reported, the mean value for radiology medical officer was highest (3.88±0.80) while 

for attendants was lowest (3.25±0.74). 

Table 4.9 

The ANOVA results of radiation safety awareness according to clinical experience 
Clinical Experience N Mean SD F sig. 

Anaesthetist 5 3.70 0.84 .904 .481 

Attendant 30 3.52 0.74   

Nurse 47 3.60 0.82   

Operation theatre technology 10 3.83 0.46   

Radiology medical officer 30 3.88 0.80   

Surgeons 8 3.75 0.38   

 df (5,124) 
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4.4.2 Objective 2 Relationship between Radiation Safety Awareness and 

Knowledge, Management Commitment and Behaviour/Attitude  

Model Summary of Regression 

Multiple regressions were conducted to examine the influence of several factors 

[knowledge, attitude and management commitment] on radiation safety awareness. 

The findings were presented by using three tables including model summary, 

ANOVA and coefficient. 

The model summary presented the R-square of the model. It represents the extent of 

fitness between the data and model. It was recorded that (r-square=0.334) or 33.4% 

of the variance in the dependent [radiation safety awareness] variable has explained 

by independent variable which are Knowledge, Attitude and Management 

commitment. 

Table 4.10 

 Model summary of regression 
Model Summary 

Model R R Square Adjusted R Square SE.  

1 .574a .334 .314 .62503 

a.Predictors:(Constant) MEAN_MANA_COMIT MEAN_KNOWLEDGE MEAN_ATTITUDE  

 

ANOVA  

ANOVA was calculated in regression to measure the reliability of the regression 

model. If the value of significance is less than 0.05, we conclude that at least one 

independent variable [knowledge, attitude and management commitment] has a 

significant association with the dependent variable [radiation safety awareness]. The 

findings exhibited significance results indicating one of the independent variables 

has an influence on the dependent variable [DF 3,126=20.655, P<0.05] 
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Table 4.11 

 Model summary of ANOVA 

Model Sum of Squares Df Mean Square F Sig. 

1 

Regression 24.207 3 8.069 

  

Residual 49.224 126 .391  20.655 .000b  

Total 73.431 129       

a. Dependent Variable: MEAN_RADIATION_SAFETY 

b. Predictors: (Constant), MEAN_MANA_COMIT, MEAN_KNOWLEDGE, MEAN_ATTITUDE 

 

Coefficient  

The results of multiple regression have shown that knowledge of health professional 

[b=0.420, t=3.409, p<0.05] and management commitment [b=0.370, t=4.262, 

p<0.05] have a significant effect on radiation safety awareness 

[b=0.032,t=0.242,p>0.05].  By looking at the beta, in every one unit changes in 

knowledge, the variable of radiation safety awareness is expected to change by 0.420 

unit. Similarly, the other predictors are expected to change according to their 

coefficient. 

 

Table 4.12 

Model Summary of coefficient 

 

Standardize

d 

Coefficients 

t Sig.        

 ANOV

A 
  

Beta  F Sig  

1 (Constant) 
  1.478 .142 

 20.655

5 

.000b

  

 

MEAN_KNOWLEDGE .322 3.409 .001     

MEAN_ATTITUDE -.025 -.242 .809     

MEAN_MANA_COMI

T 
.379 4.262 .000 
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Table 4.13 

 Summary of the hypothesis 

Hypothesis Statement  
Result 

Gender has an effect on radiation safety awareness. Rejected 

Education has an effect on radiation safety awareness. Rejected 

Clinical experience has an effect on radiation safety awareness. Rejected 

Knowledge of health professional towards radiation protection has an effect on radiation safety 

awareness 
Accepted 

Management commitments have an effect on radiation safety awareness Accepted 

Behavior or attitude of health professionals has an effect on radiation protection awareness.  Rejected  

 

The results of the study based on table 4.13 revealed that there is no difference 

between gender, education and clinical experience and radiation safety awareness. It 

can be concluded that demographic characteristics do not have a significant 

difference on radiation safety awareness therefore hypothesis is rejected. The results 

of multiple regressions have shown that knowledge of health professional and 

management commitment have an influence on Radiation Safety Awareness. 

Therefore, it can be concluded that knowledge and management commitment have a 

significant effect on radiation safety awareness.  
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CHAPTER 5 

DISCUSSION, CONCLUSION & RECOMMENDATION 

 

5.0 INTRODUCTION 

This chapter comprises of the discussion, conclusions and recommendations of the 

study based on the results findings. The first section, discussion, addressed the 

findings of the study through its objectives; the second section demonstrates the 

conclusion of the study, followed by the third section which deals with limitations of 

this study and future studies. The fourth and last section gives some recommendation 

arising from this study 

5.1 Summary of Demographics 

Our study found that most of the respondents were female. The age distribution of 

respondents revealed that a high percentage of the respondents age were between 25-

34 years old which sums up, to 76.2%. The study shows that most respondents were 

nurses 36.2%, 46.9 %, are nearly even with respondents who are not married 50.8%.  

Regarding their education background, about 50.8% of the respondents had diploma, 

about 12.3% are SPM and degree holders, followed by 22.3% are Master holders. 

Respondents who had a Ph.D. were about 2.3%.  Moving onto clinical experience, 

majority of the respondents had experience for about 5 to 9 years 37.7%. Finally, as 

for as designation (job title), Nurses were 36.2%, followed by Attendants and 

Radiology Medical Officers both were 23.1%. The Anaesthetist and Surgeons were 

the least contributorsto the survey 3.8% and 6.2% respectively. 
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.  

5.2 Knowledge, management commitment, behaviour/ attitude and Radiation 

Safety Awareness 

This section discusses on the findings of the study through its objectives. 

5.2.1 Objective one  

i) The differences between Demographic factors and Radiation Safety 

Awareness 

The demographic profile assists to establish on whether gender, age, work experience 

and qualification have a difference on Radiation Safety. Findings show that 

demographic profiles of respondents do not have a significant difference on 

awareness of radiation safety. A study conducted on a survey of four target sectors 

(agricultural, industrial, transport and consumer) in Zambia revealed that 

demographic factors did not influence the comprehension of GHS label elements 

such as colours, signal words and symbols among consumers (Banda, 2006) 
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5.2.2Objective two 

The second objective of the study explains the relationship of the variable 

(knowledge) and radiation safety awareness. 

i) Knowledge  

The study showed that the relationship of Radiation Safety Awareness of 

respondents’ knowledge based on the descriptive statistics on radiation safety was 

neutral, respondents appears to have somewhat knowledge on radiation. Most of 

them are familiar with the ‘ALARA’ principal, it is an acronym used in radiation 

safety for ‘As Low as Reasonably Achievable’. It is a principal of radiation 

protection to minimize radiation exposure to patients, health professionals and 

members of the public. The three major principals for controlling exposure are 

reducing time of exposure, increasing distance from the radiation source and 

shielding oneself from the radiation source.  

More than half of the respondents strongly agree on minimization of time expose to 

radiation to reduce external exposure to radiation. Almost more than half of the 

respondents understand that radiation exposure above the permitted limit damages 

DNA of human body, it is significant to acquire this knowledge as can damage the 

tissues of human body. The remaining 34.6% has no clear understanding on these 

effects.  

Moving on, respondents understood that radiation exposure above the permitted limit 

is associated with fetal malformation, it is crucial especially for healthcare workers 

working with radiation to understand this, since human embryos and fetuses are 

mostly sensitive to ionizing radiation, the exposure’s health effects can be severe. 

The effects may include growth delay, malformations, impaired brain function and 
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cancer ("Radiation and Pregnancy: A Fact Sheet for Clinicians [CDC] Radiation 

Emergencies", n.d.).  

Next on respondents’ knowledge on scattered radiation, respondents seem to not 

have enough knowledge on this. Scattered radiation is radiation that spreads from a 

radiation beam in different directions when the beam interacts with a substance like 

body tissue. Most occupational exposure comes from scattered radiation, which 

means that the implementation of safety measures against scatter radiation will 

effectively reduce the occupational exposure of a technologist. In this study most of 

the respondents strongly disagreed that scattered radiation doesn’t affect the human 

body.  

Almost more than half 65.4% of the respondents seem to have good knowledge on 

the health effects of radiation generally. This finding is almost consistent with Luntsi 

et al. (2016) on the assessment of the knowledge and attitude of nurses towards 

ionizing radiation during the theatre / ward radiography, found that respondents were 

aware of ionizing radiation and about 60.4 % knew the source of benefit and the 

potential harm. In this study, it was also said that this is probably due to general 

knowledge of the radiation hazards involved. In summary, these findings are 

consistent with a study by Rassin et al. (2005), which found that the majority of the 

nurses had average radiation knowledge of about 70 %. However, there are a number 

of studies conducted that showed nurses lack knowledge about radiation sources and 

methods of radiation protection (Alotaibi & Saeed, 2006) 
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ii) Management Commitment  

The second objective of the study explains the relationship of the variable 

(management) and radiation safety awareness. 

To keep workers safe at work, a positive safety environment is essential (Christian, 

Bradley, Wallace, & Burke, 2009; Nahrgang et al., 2011).Safety management is an 

important aspect of the safety climate and is known to be a leading indicator of 

worker safety behaviours and injuries in a wide range of jobs, in particular in hospital 

workers. Management commitment refers to the value and commitment of managers 

to employees. Safety management is a detailed and important component of the 

safety climate, which refers to workers ' perceptions of the extent to which their 

managers value and support safe work and workplace safety.  

As mentioned, management's commitment to safety predicts employees ' safety 

behaviours and incidents / injuries (Zohar & Luria, 2003). For example, when faced 

with a challenging emergency, a health care professional who recognizes a high 

degree of management commitment to safety is more likely to adhere to a strict 

safety protocol due to management support for adherence to such protocols and can 

thus avoid unnecessary radiation exposure.  

In this study, majority of the respondents are aware about their environment, looking 

at question one from section five on management commitments, on’ warning signs 

being posted at entrances’. The use of warning signs is required to alert unauthorized 

personnel of a hazard and to remind authorized personnel as well. Clear, visible 

warning signs should be posted at the door of the staff's access to the radiation room 

with the radiation symbol and warnings as prescribed by the Regulatory Authority. 
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Exposure to radiation occurs when unprotected staffs are close to an operating 

machine. 

The regulation for protection against radiation and radiation safety manual is also 

available, respondents seems to be aware of this as most of them strongly agreed to 

this. The regulations lay down standards for radiation protection. Protocols and 

engineering control are based on radiation protection principles aimed at achieving 

occupational and public doses that are as low as reasonably achievable (ALARA). 

Management, radiation safety officer or medical physicist and all authorized staff 

users must participate in the establishment, implementation and operation of an 

ALARA radiation protection program to minimize radiation exposures 

Despite this 8.5% of respondents are unaware of these regulations and 3.8% of them 

are unaware of such safety manual. The study also shows that majority of the 

respondents has awareness on ‘shielding done for the walls of X ray room/CT suit’. 

Low atomic materials for structures exposed to electron beams should be used to 

minimize X - ray generation. Proper shielding needs to be done to make sure 

scattered rays are absorbed by protective lead walls.  

Management is committed to keeping occupational and public radiation levels as low 

as reasonably achievable by the ALARA principal. It is the priority of management 

for all staff to be aware of their commitment to the ALARA principal. The 

management is also responsible to delegate the job to authorised personnel to ensure 

adherence to the ALARA principal as well as to create awareness and implement 

necessary policies. Respondents of this study, mostly 63%, agree that there is 

radiation safety programmes conducted though 11.6% of the respondents appear to 

disagree and the remaining 25.4% are unclear on this. 
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In the study on occupational health safety among health professionals in a selected 

hospital's radiology department, it was observed that the majority 80% of 

occupational health safety measures were present in the department. Most 

respondents 83.7% were aware of occupational health safety measures. The 

awareness of the general aspects of radiation safety and protective clothing was high 

when compared with the awareness of radiation safety updates. The respondents 

were well aware of the radiation security measures taken. Even though the staffs are 

aware of the radiation safety it would be better to update them regularly about the 

radiation safety. Radiation workers are also given the opportunity to hold 

introductory seminars on radiation safety before they begin working with radiation. 

Continuous education and radiation safety updates are needed. 

 

iii) Behaviour/Attitude  

The second objective of the study explains the relationship of the variable 

(behaviour/attitude) and radiation safety awareness. 

Behaviour/Attitude plays a very important role in safety, mandatory behaviours are 

covered by rules, policies, procedures, personal protective equipment and so on.  The 

modern world now places a priority first on conditional safety, focusing on 

leadership’s providing a safe working environment with government regulation. At 

times when conditional safety does not turn out well our behaviour is another tool 

available in safety. Awareness of radiation protection influences staff 

behaviour/attitude. WHO, (2008) is convinced that to minimize radiation hazards and 

guarantee safe and effective health care, significant effort is needed to empower the 

workers with required skills, attitudes, and professional knowledge.  
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Based on the results, behaviour/attitude of health professionals towards radiation 

protection were insignificant. Respondents, 87.6% follows healthy behaviour/attitude 

as they believe that medical examination associated with radiation should be done on 

personnel working with radiation. This result is consistent with Maryam and Abbas , 

(2011) as 88.7% respondent follows periodical examination as a healthy behaviour. 

Respondents’ perception was proper on care taken for shielding devices as well as 

radiation signs. In addition to their awareness to work place protection, is acceptable 

for shield of door and shielding of procedure rooms. Respondents 89.3% also 

demonstrated good understanding on pregnancy and exposure to radiation. The 

declaration of pregnancy is strictly advisable as the risk of exposure to radiation may 

cause genetic mutations leading to hereditary effects and sterility. Majority of the 

respondents 91.6% also believes that they should receive safety and education 

training on radiation effect. Overall results demonstrate a positive attitude by health 

professionals of UMMC with the aim of implementing protocols to ensure the best 

practice while minimizing radiation exposure.  

In contrast, a recent study suggests that healthcare professionals’ attitude toward the 

use of protective equipment may differ, even though they had attended a radiation 

safety course. In another study in 2013, on knowledge and attitudes of European 

urology residents on ionizing radiation, the results showed insufficient use of lead 

aprons and poor usage of other radiation protections equipment even though more 

than half of the respondents have attended a radiation protection program. (Söylemez 

et al., 2013) 
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5.3 Benefits of this study  

Advances in technology allow intraoperative three-dimensional imaging during 

surgery in the operating room. Increase of availability of this technology stresses 

on the importance of studying the risk of exposure to and determination of clinical 

benefits to the operating room staff with these new advances. This study could 

assist in developing further guidelines that could enhance and create awareness in 

understanding of ionizing radiation and its harmful effects. In addition, this study 

strengthens the idea that radiation protection training must be considered for all 

medical health professionals. Education of information on employee safety, 

allows minimization of harm to employees who lack information on this subject.  

 

 

5.4 Study limitations  

According to Burns and Groove (1993) limitations of the study are restrictions that 

results in negative effect of generalisation of finding. Convenient sampling was used 

in this study. The data collected by this method reflects the views of a particular 

group and not the whole population. There were groups over represented and some 

groups under-represented, for example there were 36.2% nurses 23.1% radiology 

medical officer as well as 23.1% hospital attendants, 7.7% operation theatre 

technologist, 6.2% surgeons and 3.8% anaesthetist. Here, there’s possibility of being 

biased, having said this result of this study can’t be generalized but can only be 

generalized to selected unit of this study.  

The findings are limited to the period in which the study was conducted, as 

healthcare professionals usually are shifted around according to departments posted.   
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5.5 Future Studies   

However, future research should aim at understanding the generalizability of these 

findings in other contexts. A higher number of respondents and hospitals will be 

more significant for future research and could generate more distinct results. To 

increase the sample size, inclusion of areas with more advanced and specialized 

radiation applications, such as cardiac catheterization laboratories, nuclear medicine 

and other departments which work with radiation is suggested. Furthermore, this 

study includes only a selected unit in a semi-government hospital and appears to first 

in Malaysia. There are a number of hospitals emerging with this new advanced unit, 

other researches may include these new units to determine radiation safety status in 

those establishments. 

 

5.6 Recommendation 

Radiation safety awareness should be evaluated for all health professionals and 

training programs should be planned, as there is a need for compulsory improved 

education and training for all health professionals in radiation safety principles to 

ensure compliance with the radiation safety regulations. As far as management is 

concerned, the efforts to promote safety and its implementation must be continued 

and periodically improved to ensure maximum safety for all concerned. In addition, 

suggestion to include radiation safety issues in exit exams to update on radiation 

dosage and risks. This could create greater awareness and acquire added knowledge. 

Pre-and post-educational sessions can be evaluated to evaluate improvements in 

these actions. 
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The following are recommended, there is a need for appropriate education and 

training of personnel in principals of radiation protection. This is essential as not all 

health professional working with radiation has the knowledge some specialize in 

other areas. Furthermore, there is a need for close collaboration between the 

healthcare team and the medical physicists’ team. There should be a more systematic 

and inclusive radiation monitoring system. It is further recommended that all health 

professional in radiation environment should be provided with a dose monitoring 

batch. The Radiation Protection Officers should ensure that these badges are worn 

consistently and correctly by all health professionals.  

 

5.7 Conclusion 

Exposure to radiation is an important concern for patients, surgeons and personnel in 

the operating room. Development of malignancy has been associated with the 

exposure to ionizing radiation. Therefore, radiation safety should be a priority in the 

operating environment. All health professionals must adhere to the safety principles 

of shielding, distance and dose reduction, regardless of the scope of their work. The 

purpose of research is to determine the relationship between knowledge, 

management commitment and behaviour/attitude and radiation safety awareness 

among health professionals working with radiation. The result of this study 

demonstrates that respondents have average understanding on radiation but in need 

for improvement. It can be concluded that knowledge and management commitment 

has a strong direct effect on radiation safety awareness. 
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Appendix A Research Questionnaire 

 

 

Study title: Radiation Safety Awareness Among Medical Health Professional  

 

 

Name of the Principal Investigator   :  GAYATHRI NAIDU RAMAKRISHNAN 

 

Hand Phone Number                          : 0176832259 

 

E-mail                                                   :gayathri@umsc.my 

 

What is the study about? 

 

The primary objective of this thesis is to evaluate the awareness and knowledge of 

radiation safety among health professionals in intraoperative CT scan unit. Secondly, 

we want to identify the factors that determine Radiation Protection Practices among 

medical professionals. Finally, we will develop and evaluate new imaging and 

navigation techniques, with the primary goal to improve Intraoperative guidance to 

increase staff awareness and knowledge. 

 

Who is looked for? 

 

Inclusion criteria will be the operation theatre team.  

 

Time & Place of research study: 
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This study will be done in a intraoperative imaging unit. The hybrid operating 

theatres of CIGMIT integrate CT and MRI scanners in an operating theatre which 

can be use during a surgery, providing surgeons with highly precise and up-to-date 

information. CIGMIT consists of two hybrid operating theatres complemented with a 

radio surgery centre; forming a comprehensive integrated facility. 

 

 

What will be the role of you in this study? 

 

Research study participant 

 

 

Are there any risks? Does it have any side effects? 

 

No risk or side effect, as this research is done through interviews and participant consent is 

taken before hand. 

 

 

What the study will be benefiting in you? 

 

The outcome of this study would increase knowledge and understanding in Radiation 

Safety awareness. By providing a level of employee safety information, it will be 

easier to minimize the harm for employees who have lack of information in this 

regard. Thus, it is considered that the necessary measures to protect the health of the 

employees are taken at the top level in these units, so a more effective and efficient 

service provision can be provided. 

 

What will the data be used for? 
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To identify the factors that determine Radiation Protection Practices among medical 

professional as well as develop and evaluate new imaging and navigation techniques, 

with the primary goal to improve Intraoperative guidance to increase staff awareness 

and knowledge. 

 

CONFIDENTIALITY 

All the collected data will be stored until the thesis result is out. Then, paper shredder 

machine used to destroy the paper documents and deletion of all electronic data from 

folder and from the recycle bin. Participants detail will be anonymous.   
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SECTION 1 DEMOGRAPHIC AND JOB-RELATED CHARACTERISTICS  

Please provide the following information about yourself. Please thick (/) on the 

appropriate answer.  

 

1. What is your gender  

 

a) Male                 

b) Female  

 

2. What is your age? 

 

a) Under 18           

b) 18- 24 

c) 25-34 

d) 35-44 

e) 45-54 

f) 55-64 

g) 65-65++ 

 

3. What is the highest level of education you received? 
 

a) SPM/STPM or equivalent 
 
 

b) Diploma/ Advance Diploma or equivalent 
 
 

c) Master or equivalent 
 
 

d) PHD or equivalent 
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e) Others _____________________(Please Specify) 

 

4. Marital status:  
 

a) Single 
 
 

b) Married 
 
 

c) Divorced /widowed 

 

5. Clinical experience  

           a) <1 

           b) 1-4 

           c) 5-9 

           d)≥ 10 

 

6. Job Title  

a) Nurse                                                      

b) Attendant 

c) Radiology Medical Officer  

d) Surgeons 

e) Operation Theatre Technologist  

f) Anaesthetist 
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SECTION 2 RADIATON SAFETY AWARENESS  

1. Regular radiation protection survey (audits) are conducted 

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

 

2. Written operating procedure are readily available  

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

 

3. There is a system for reporting of incidents and near incidents 

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

4. Quarterly safety device test are performed and documented in log 

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 
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SECTION 3 KNOWLEDGE OF HEALTH PROFESSIONALS ON 

RADIATON PROTECTION  

Please circle one number for each statement which most closely reflects how 

you feel (1 means you strongly disagree, 5 means you strongly agree). 

 

1. To reduce external exposure to radiation, the time exposed to radiation should beminimized 

as much as possible 

 

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

2.Radiation exposure above the permitted limit is associated with fetal malformation  

 

Strongly disagree    Strongly agree 

 1 2 3 4 5 6 

3.  The distance from an equipment generating radiation is related to safety during radiation 

 

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

4. Radiation exposure above the permitted limit damages DNA of human body 

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

5. Radiation (scattered ray) shattered when patients body is exposed to X-ray, doesn’t affect human 

body, since it is secondary generated. 
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Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

6. There are X-ray,⍺-ray, beta-ray and gamma-ray in kinds of radiation 

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

7.  It is possible to shield the body from X-ray using lead 

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

 

SECTION 4 BEHAVIOR/ATTITUDE OF HEALTH PROFFESIONALS 

TOWARDS RADIATION PROTECTION  

 

1. Lead shielding should be used at entrances to operating theatre rooms and procedure rooms 

where radiological equipment is in use. 

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

2. Personnel with known or suspected pregnancy should declare this condition. And pregnant 

workers should be careful when exposed to radiation. 

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

3.         Personnel should have a medical examination associated with radiation 

Strongly disagree    Strongly agree 
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 1 2 3 4 5 6 

4.     Personnel should receive education and training to include radiation safety. 

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

5. Warning signs should be posted to alert personnel to potential hazards at entrances to                   

Operating theatre where radiological equipment is in use.  

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

6.    Shielding devices should be handled carefully, visually examined before use, and x rayed     at 

least annually to detect and prevent damage that could diminish their effectiveness. 

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

7.     Restricting access to operating rooms during fluoroscopic procedure except for the staff with 

shielding device.  

Strongly disagree    Strongly agree 

 

 1 2 3 4 5 6 

 

SECTION 5 MANAGEMENT COMMITMENTS  

1. Appropriate warning signs posted at entrance.  

Strongly disagree    Strongly agree 

 1 2 3 4 5 6 

2. A regulation for protection against radiation is available. 

Strongly disagree    Strongly agree 

 1 2 3 4 5 6 

3. Radiation Safety Manual available 
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Strongly disagree    Strongly agree 

 1 2 3 4 5 6 

4. Recommended shielding done for the walls of an X ray room/CT suit. 

Strongly disagree    Strongly agree 

 1 2 3 4 5 6 

5. There is radiation safety programme 

Strongly disagree    Strongly agree 

 1 2 3 4 5 6 

6. There is a Radiation Safety committee in the hospital. 

Strongly disagree    Strongly agree 

 1 2 3 4 5 6 
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Appendix B Ethics Approval Form 
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