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Abstract 

Ionizing Radiation (IR) is widely used in medicine, especially in diagnostic 
investigations and therapeutic procedures.  It is well-known that ionizing 
radiation is risky to humankind. Therefore, the benefits from carrying out 
radiological investigations and therapeutic procedures should exceed its 
anticipated risks.  However, physicians play a role in exposing patients to this 
radiation as they request these radiological examinations.  So, this study has 
been designed to assess the level of knowledge and practices toward ionizing 
radiation risks among physicians in order to improve their practices and 
subsequently to reduce patients' exposure to risks.  
 
The study is a cross sectional one; conducted in three governmental hospitals; 
Shifa, Nasser and the European Gaza Hospital.  The participating physicians 
were about 300�selected via a proportional stratified sampling procedure. The 
administrative and ethical considerations were taken into account. A self-
administered questionnaire was distributed to the selected physicians and 210 
completed the questionnaire with a response rate of 70%.  
 
Using a scoring system for assessing knowledge, the study findings indicate 
that physicians' knowledge towards IR risks was relatively low (less than 56 
%).  Only 14% of them had a high knowledge in this regard.  Regarding 
physicians' practices, although it was slightly higher their knowledge (58%), 
still it was relatively low.   Only 24% of physicians reported appropriate 
practices.   Additionally, the study showed that there are no statistically 
significant variations in knowledge and/or practices among participants in 
relation to age, education and place of work.  Moreover, there are no 
statistically significant variations in neither the knowledge nor the practices 
among the study subjects in reference to work related factors including; years 
of experience, experience in radiology department, type of specialty and 
department. In contrast, participants who use x-ray in therapeutic interventions 
(guidance) reported more appropriate practices than their counterparts who do 
not and the variation among the two groups were statistically significant (P 
value less than 0.05).   
 
According to the results, increasing the knowledge of physicians about IR risks 
and training them about radiation protection are priority issues. Also 
developing an imaging protocol to help physicians to promote standardized safe 
practices is a serious responsibility of the decision makers  
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Definitions 

 

   Ionizing radiation the radiation which has enough energy to remove an electrons 

from the atoms that pass through it (EPA, 2007). 

 
 Knowledge Is the capacity to aquire, retain and use information; a mixture of 

comprehension, experience, discernment and skill (Badran, 1995). 

 

 Practice A type of process or structure whose application reduces the probability of 

adverse events resulting from exposure to the health care system across a range of 

diseases and procedures (Agency for Healthcare Research and Quality, July 2001). 

 

 Radiation is a transfer of energy from a source (WHO, 2008). 
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Chapter One 

Introduction 

 

 

1.1 Background 

Radiation is around us and everywhere. Emitting energy from a source such as heat, light 

and radio waves is called radiation. When radiation passes through atoms, and has a 

sufficient energy to cause changes to atoms, it is called ionizing radiation (IR) according to 

the World Health Organization(WHO), 2008. 

 

IR has energy when transferred through a living tissue that can cause change to cell 

components. In general, severity or types of health effects are influenced by the amount 

and duration of exposure, but health effects are not fully understood. So there is no safe 

level for exposure to IR, even at very low doses there is a probability for inducing cancer 

(National Research on Cancer (NRC), 2006). 

 

IR has been used since over a century for medical purposes and applications, where it has 

become an essential tool for diagnosis and therapy. The speed of conducting the medical 

procedures which use IR has resulted in a faster diagnosis. Diagnosis benefits from IR 

procedures lead to widespread practice of medical radiology (United Nations Scientific 

Committee on the Effects of Atomic Radiation (UNSCEAR), 2000). 

 

The x-ray is a type of IR widely applied in medicine with many equipments and varied 

procedures for using it.  A technology revolution of medical instruments has become more 

complicated during the last three decades. A conventional x-ray instrument had firstly 



 �

appeared with the discovery of x-ray. During x-ray imaging, the rays are transferred 

through the desired organ, and the absorption of x-ray takes place by different tissues with 

varied degrees due to varied densities among tissues. The x-ray is not totally absorbed and 

the remaining x-ray exits from the body and interacts with a detection device (x-ray film). 

After developing the film an image of two dimensions of the tissues appears on it. So it 

gives a picture about an anatomical region showing if any abnormality exists (Food and 

Drug Administration (FDA), 2002). The fluoroscopy is an x-ray unit with a screen used for 

dynamic imaging; it is mostly used with an enhanced media called contrast media to 

visualize a soft tissue as gastrointestinal tract , urinary tract and within arteries and veins 

(FDA, 2008, UNSCEAR, 2000). The computed tomography (CT) is a complex unit, that 

uses an x-ray and a computer system to give a series of sectional images, and so it provides 

a third dimension through these series. There are many generations of CT and a high 

technology is used with it. It has been a great revolution in CT technology (FDA, 2002). 

Interventional Radiology used a fluoroscopy unit mostly for doing medical interventions 

under screen; such as drainage, coil immobilization , filter placement and angioplasties                                                                                                                         

(Reek, 2004).  

 

The United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) 

has a continues review of sources of IR exposures. It is reported that the medical uses are 

the largest man-made source of exposure to IR for the world's population. It also made a 

global survey for medical practices based on national information and surveys. It also 

concluded that there are increases in the annual frequency of diagnostic medical exposures 

in most countries across the world. In the United Kingdom, it increased from 800 per 1000 

persons in 1990 to 962 per 1000 persons in 1996, while in Japan, it increased from 1160 in 

1990 to 1447 in 1996 per 1000 individuals of the population. Kuwait also showed an 
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increase from 720 persons in 1990 to 896 in 1996 per 1000 of the population (UNSCEAR, 

2000). 

IR used in medical diagnosis and intervention is considered as low IR. Although the risk 

from these procedures seems very small to an individual, it can be bigger if there is a large 

number of people exposed, and if these procedures are repeated many times (Dickie and  

Fitchew, 2004). 

 

1.2 Problem Statement 

 

In Gaza hospitals, there is a noticeable increase year after year in IR examinations 

according to the Ministry of Health directorate general of hospitals.  

Many patients come to Radiology department without any knowledge about the potential 

risks and benefits of radiography. The patients come either with over risk perceptions or 

with under risk perceptions. Patients feel more confident and satisfied with the results of 

these procedures more than with the clinical diagnosis of physicians without making it. 

Also, some patients visit the Radiology department with more than one radiological 

request, like lumber x-ray and lumber CT or sinus x-ray and sinus CT, and other inpatients 

have an x-ray without any clinical benefit. These observations and situations  motivate the 

researcher to look up for physicians knowledge and practices about IR risks .The 

researcher found that physicians' knowledge about IR is  either not known or their  

practices . 

 

So this study was an attempt to investigated the knowledge and practices of physicians 

towards x-ray requesting as a tool for medical diagnosis, and how to increase the 

knowledge and to improve the practices of physicians about IR. 
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1.3 Justification 

 

There is no safe level for exposure to IR, even at very low doses there is a probability for 

inducing cancer (NRC, 2006). Since the risk from the exposure is very low and may appear 

after decades, it is easy to the physicians to close their eyes about these small risks (Dickie 

and Fichew , 2004). The growing in the medical  field may lead to increase exposures to 

large numbers of patients, which can be a concern for public health in spite of the small 

risk from radiation (FDA, 2007).  

   

It is the responsibility of physicians to weigh the risk versus the benefit from these 

investigations, and to make sure that the patient will have a benefit greater than the risk 

(Rehani and Beryy, 2000). Physicians are responsible to minimize the risk from 

radiological examinations by avoiding unnecessary radiological examinations (Burry, 

2002) and using the lower IR examination when it is effective in diagnosis, and using non 

IR examination when the benefit in diagnosis as ionizing examination (FDA, 2001). 

 

1.4 Objectives 

1.4.1 General Objective 

To asses the knowledge and practices of physicians about ionizing radiation in Gaza 

governorates hospitals 

 

1.4.2 Specific Objectives 

1. To determine knowledge level of physicians about IR, exposure and possible risk. 

2. To assess physicians practices regarding IR. 



 �

3. To explore the relationship between physicians' knowledge and sociodemographic 

factors such as age, educations, and hospitals. 

4. To explore the relationship between physicians knowledge and work related factors 

such as experiences years, experience status in radiology departments, type of 

department, using x-ray in interventional practices and specialty. 

5. To explore the relationship between physicians' practices emographic factors. 

6. To explore the relationship between physicians practices and work related factors. 

7. To suggest recommendations which may help improve IR knowledge and practices 

among physicians. 

 

1.5 Geography of Gaza Strip 

 

Gaza Strip is located on the south eastern coast of the Mediterranean Sea. Its position 

on the crossroads between Africa to Asia made it a target for occupiers and conquerors 

over the centuries. In mid year of 2005, the population number was estimated at about 

1,389,789 mainly concentrated in the cities, small village, and eight refugee camps that 

contain about two thirds of the population of Gaza Strip. There are five governorates in 

Gaza Strip: North of Gaza with a population of about 265,932 , Gaza city with a 

population of about 487,904 , Mid-Zone with a population of about 201,112, 

Khanyounis  with a  population of about 269,601and Rafah population was about 

165,240 individuals in 2005 (MOH, 2006). 

 

 

 

 



 �

1.6 Governmental Radiology Services in Gaza Strip 

 

The Ministry of Health (MOH) provides radiological services mainly through 

hospitals. In Gaza governorates, there are 13 governmental hospitals, and only 11 of 

them provide radiology services. The ophthalmology, and psychiatry and mental health 

hospitals do not provide these services. 

 

All of the eleven hospitals provide Ultra-sonography (U/S), routine x-ray and  is 

supposed to provide fluoroscopy procedures in their departments also but there are 

some defects in some hospitals. While four of these hospitals have CT units and three 

hospitals have mammography units. Only two hospitals have panorama units.  

 

Magnetic Resonance Imaging (MRI) which is a non-ionizing imaging unit is not 

available expect in one hospital begun working since May, 2008. Regarding nuclear 

medicine and radiotherapy, there are some machines at Al-Amir Nayef Center in Shifa 

hospital, but they have never been operated because of the Israeli siege imposed on the 

Gaza strip. 

 

Only 14 of the primary health care clinics and centers have a routine x-ray service. 

According to the records of hospitals directorate general, about 395,297 radiological 

diagnostic procedures were done in 2008;of them 41,168 ultrasound and 746 MRI 

procedures. Radiology department has noticed that there is an increase in the frequency 

of radiological procedures year after year and there is no rational use for them ( Annex 

1). 
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Forms of requesting an x-ray require just the signing of a physician after completing it, 

while for U/S and fluoroscopy it requires a specialized physician to request any of 

them, and for the CT, the head of department should stamp the request form (Annex 1). 

But at a professional level there is no adherence to these instructions from most of the 

physicians; the head of Shifa radiology Shifa department has assured this. 

 

Regarding the MRI there is a committee that meets every week to evaluate the requests 

and decides if it is necessary to do it.  

 
 
 
 
1.7 Cancer in Palestine  
 

The cancer cases reported in the2005  were about 1,623 with incidence rate of 49.2 per 

100.000  in West Bank and 32.7  per 100,000 in Gaza Strip. According to MOH report, the 

incidence of cancer is higher for female than male. The breast cancer is the highest among  

female Palestinian population and lung cancer is the highest among male Palestinian 

population (MOH,2006). 

 

The mortality rate from cancer increased from 27.4  in 2000 to 27.8  in 2005 .The trachea , 

bronchus and lung cancer is the highest  cause to deaths among cancer mortality 

(MOH,2006). 
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Chapter 2  

Literature  

 

2.1 Conceptual frame work 

Knowledge is a capacity of acquiring retaining and using the information, it is a mixture of 

experience and skills (Badran,1995). 

 

Practice is an application of a process to reduce the adverse effect result from exposure to 

health care system (Agency for Health Care and Quality, July 2001). 

 

Theoretically the researcher supposed that there is a relation between age, education and 

place of work (hospital) with the knowledge and practices of physicians regarding IR risks. 

Also the researcher supposed that work related factor as experience years, experience 

status in the radiology department, specialty degree, department and using the x-ray status 

should affect knowledge and practices of physicians regarding IR risks. The researcher will 

study this relationship and seek their effect. 
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 Figure 2.1: Schematic Representation of the Study Framework
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2.2 Ionizing Radiation 
 

Radiation is a transfer of energy from a source (WHO, 2008).When the radiation has 

enough energy to remove electrons from the atoms that pass through it, it is called ionizing 

radiation (IR). IR ejects electrons from the atom which are negative ions so the atom 

becomes a positive ion (Environmental Protection Agency(EPA), 2007). 

 

Many elements found in nature are considered as unstable. They are called natural 

radioactive elements because they tend to become stable by emitting radiation according to 

the International Atomic Energy Agency (IAEA), 2004. The radioactive elements have 

nuclei either with too many or two few neutrons in comparison to its number of protons 

(IAEA ,2004). To become more stable, it emits subatomic particles and high energy waves. 

Emitting particles as alpha (á) and beta (â) radiation from radioactive nuclei is called a 

radioactive decay. 

 

Alpha radiation (á) is positively charged particles that consist of two protons and two 

neutrons (the nucleus of a Helium atom); it is emitted from heavy unstable nuclei. An 

alpha radiation has a high mass which is responsible for slowing its transfer and speed (1 - 

2 cm in air) (Burnham, 2001). 

 

Beta (â) radiation is an electron (a negatively charged particle) emitted by unstable 

nucleus. Beta particles have a negligible mass so they are faster than alpha particles 

(Burnham, 2001). After emitting a beta particle, the nucleus often is still unstable because 

of excess energy which is emitted as gamma rays (ã). Gamma rays are packets of photons 

that have neither mass nor charge. These rays are very fast and they have very penetrating 
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power (Burnham, 2001). X-ray, like ã-ray, is high energy photons but it is produced by the 

disturbance in the electron of atoms (Burnham, 2001). 

 

X-ray and ã-ray are considered as electromagnetic radiations because they consist of both 

electric and magnetic fields (Burnham, 2001). Particulate radiation is a radiation composed 

from particles emitted from the atom at a high speed and a high energy like á particles, â 

particles, protons and neutrons (Burnham, 2001). 

 

2.3 Ionizing Radiation Dose and Units 

Ionizing radiation interacts with the matter by depositing energy which is called the 

absorbed dose. The absorbed dose is expressed in a unit called Gray (Gy). Each type of 

radiation has its own characteristics and composition, so it has its own risk to a tissue. For 

example, one Gy of á particles emitted to a tissue is more harmful than one Gy of â 

particles because of their heavy mass and charge. The equivalent dose takes into account 

these variations. It is equal to the absorbed dose multiplied by a radiation weighing factor 

which equals 20 for á particles, while for  â particles,  ã and x-rays it is 1.The equivalent 

dose is expressed in a unit called Siveret (Sv), so 1 Sv of á particles emitted to the lung has 

the same risk of 1 Sv of ã rays. But the risk of the same equivalent dose  is not the same for 

all tissues due to its own composition and sensitivity. The effective dose solves this 

problem, and it is also expressed in Sv. The equivalent dose is multiplied by a tissue 

weighting factor that is related to the sensitivity of a tissue to radiation. The sum of 

weighted equivalent doses for major organs and tissues is the effective dose (IAEA, 2004). 
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2.4. Natural Background Radiation 

Many people are exposed to more than one source of IR, but no one is exposed to none. IR 

exists in nature; it is found in soil, water and air. In addition, there is a man-made IR which 

is used for many purposes (UNSCEAR, 2002).  

 

There are different sources to natural IR. Cosmic rays are a source of exposure to IR. 

Cosmic rays are particulate radiation -mostly protons- coming from the sun and from the 

outer space. This particulate radiation is absorbed through the atmosphere which covers the 

earth surface. The absorption occurs by interaction with air components, so the exposure to 

cosmic rays at higher elevations is more than that at lower elevation and at the sea level. 

Altitude plays a role in the exposure to natural IR (Burnham, 2001, UNSCEAR, 2002).  

 

The second source of natural IR is the terrestrial radiation. There are many radioactive 

nuclei in the rocks and soil; through their decay, they emit ã rays. People exposed to these 

radiations, either externally or internally, by eating food, drinking water, or inhaling air 

which contains radio nuclides(Burnham, 2001, UNSCEAR, 2002). 

  

Radio active nuclei decay through a chain process producing daughter radioactive nuclei 

until they reach to a stable state. Radon gas is a radioactive one and it is produced through 

a chain decay of uranium. Radon gas which has no odor, color or taste enters the body 

through inhalation (Burnham, 2001). Through its decay, it produces á and â radiations. It 

enters homes through the cracks in floors and walls or building materials which may 

contain radio nuclides (WHO, 2004). 
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Doses received by the population from natural radiation vary according to latitude, types of 

rocks and soil and altitude. Houses also differ in the amount of IR due to the type of 

building materials and vacuum through it. The worldwide annual average effective dose is 

2.4 mSv (mSv is one thousands of Sv). Radon gas contributes to 50% of natural 

background IR (UNSCEAR, 2000). 

 

2.5 Man Made IR 

People may expose to IR through several activities and practices from man made sources. 

These include many uses as nuclear weapons testing, using nuclear power reactors in 

generation of electrical energy and medical uses. People are exposed to IR either their 

closing to nuclear reactor / testing site, by their working in these places or as patients 

through their diagnosis treatment trip (UNSCEAR, 2000). 

The chernobyl nuclear power plant accident was a serious one that happened on the 26th of 

April, 1986 where the plant workers and the surrounding areas had been exposed to very 

high dose of radiation (UNSCEAR, 2000). 

 

2.5.1 Nuclear Weapons Testing 

Testing a nuclear weapon either in the atmosphere or underground usually results in 

releasing radioactive materials which are deposited in the environment. The world average 

annual effective dose was 0.15 mSv in 1963. The effective dose was higher in the northern 

hemisphere due to the fact that most testing took place in the North (UNSCEAR, 2000). 

Exposed people to this source have significantly decreased because the United State and 

Russia had stopped their large scale nuclear testing (Burnham, 2001). The world average 

annual effective dose from weapons testing was 0.05mSv in 2000 (UNSCEAR, 2000). 
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2.5.2 Nuclear Power Plant 

The generation of electrical energy by nuclear power plants has grown since 1956. 

Nowadays, there is a wide expansion of this industry. Nuclear power plants and other 

nuclear installations, which release radioactive waste into the environment use radioactive 

materials. During a controlled operation of these plants, the release of radioactive materials 

is low. The average annual effective dose from this source is less than 0.0002mSv 

(UNSCEAR, 2000). 

 

2.5.3 Medical Uses of IR: 

For over a century, IR has been used in medicine, and its use has expanded by the 

development in technology and the advancement in technical factors. It is used either for 

diagnosis or in therapy and these uses have spread worldwide. The frequency of using 

diagnostic procedures exceeds that of radiotherapy procedures by a factor of 450 

(UNSCEAR, 2000). 

 

On global aspects, medical x-ray procedures are the most common, where about 78% of all 

diagnostic procedures uses IR. It is followed by dental x-rays of about 21% and diagnostic 

nuclear medicine of about 1%. There is a wide variation in using medical IR among the 

different countries (UNSCEAR, 2000). 

 

2.5.3.1 Nuclear Medicine: 

In diagnostic nuclear medicine, radiopharmaceuticals are given to patients where It is 

administered either by injection, inhalation or ingestion. The type of radiopharmaceutical 

is chosen according to the examined organ or tissue. These radiopharmaceuticals emit ã 

rays which are detected by Gamma camera and give a picture about the examined organ. 
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Diagnostic nuclear medicine procedures are not common in spite of their expansion 

(Shrimpton, 2001, Burnham, 2001, IAEA, 2004)  

 

The effective dose of diagnostic nuclear procedures is similar in range to diagnostic x-ray 

examinations (Shrimpton, 2001). The effective dose from lung perfusion is 1mSv which is 

equal to the effective dose from lumber spine x-ray. The bone scan gives an effective dose 

about 3mSv which is equal to Barium meal examination. Some diagnostic nuclear 

procedures give higher effective doses than those in diagnostic x-ray (Martin et al, 2002). 

But according to the United Nations Scientific Committee on the Effects of Atomic 

Radiation (UNSCEAR) survey analysis, the average effective dose per caput from 

diagnostic nuclear medicine is about 0.03msv (UNSCEAR,2000). 

 

2.5.3 .2 Radiotherapy 

Using IR to kill cancerous cells is known as radiotherapy. It is used either for cure or just 

alleviation of the disease. Treatment by radiation is induced either by focusing an external 

beam of IR to the target site or by implanting a radioactive source into the target site. 

Administration of radiopharmaceuticals to patients is also a way of conducting 

radiotherapy. Treatment by radiation is planned by specialized persons to deliver a high 

dose to the cancerous cells and little doses to the healthy tissue. Killing the tumor requires 

a high dose of radiation (Shrimpton, 2001), which is estimated at about 100 to 200Sv per 

treatment (Burnham, 2001). In 1996, there were about 0.9 treatment per 1000 of the world 

population according to the UNSCEAR (UNSCEAR, 2000). 
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2.5.3 .3 Diagnostic  X-rays 

Using x-ray in diagnostic procedures is the most common use of IR in medical practices. 

There is a wide usage of x-rays because of the various techniques and machines such as 

conventional x-ray, dental x-ray, fluoroscopy, computed tomography (CT) and 

interventional radiology (The Council on Science and Public Health(CSPH), 2006, 

UNSCEAR, 2000). 

 

Some medical radiological examinations used in diagnostic procedures give an exposure 

higher than that from natural IR (Radiology Info, 2007). The effective dose from x-ray 

examinations varies from an examination to another; it is about 0.02mSv for chest x-ray 

which is equivalent to the exposure to Natural IR through 2.4 days in the US, while lumber 

spine x-ray effective dose is about 1.3mSv which is equal to the exposure to about a half 

year of natural IR in US (FDA, 2007), while extremities x-rays have an effective dose less 

than 0.01 mSv (Hart and Wall, 2002), abdomen and pelvis x-ray is about 0.7mSv.  IVP 

examination, which is used for renal tract by giving contrast media and taking many films, 

gives an effective dose of about 2.5mSv (Hart and Wall, 2002), which is equivalent to a 

natural IR through 10 months in the US (FDA, 2007). 

 

Fluoroscopic examinations also vary according to the types of exams. Most of the 

fluoroscopy examinations give an effective dose higher than that for radiography 

examinations. Barium meal, which is an examination for stomach, gives an effective dose 

of about 3mSv. Barium enema which is an examination for the large bowl, gives a higher 

effective dose of about 7mSv (Hart and Wall, 2002), it is equal to the exposure to natural 

IR through 2 to 3 years (FDA, 2007). 
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CT examinations expose patients to dose larger than any other diagnostic radiology 

examinations (Golding and Shrimpton, 2002). According to Rehani and Berry, the 

European Community considers CT and interventional radiology as high doses procedures 

(Rehani and Berry, 2000). 

 

Abdomen CT gives a high exposure to patients, where the effective dose from abdomen 

CT is about 10mSv that is equivalent to 500 chest-x-rays and 3.3 years of exposure to 

natural IR in the US. While the head CT gives an effective dose of about 2mSv which is 

equal to 100 chest-x-rays and 8 months of exposure to natural IR in US (Radiology info, 

2007). 

 

Effective dose varies for the same type of examination (Wall and Hart, 1997), and from 

country to country (Aldrich, 2006, UNSCEAR, 2000), and even with similar patients 

weigh for the same type of examination due to different technical factors and processing 

conditions (NG et al,1998) and to different protocols and technology for CT examinations 

(Aldrich, 2006). 

 

Richard et al, 2000 estimated the patient effective dose during CT fluoroscopy and 

concluded that patients are exposed to high exposures of IR during CT fluoroscopy-guided 

interventions. Exposure from CT fluoroscopy is ten times higher than the fluoroscopy 

exposure (Golding and Shrimpton 2002). Some advanced CT, like cardiac CT, gives an 

exposure to patients higher than the Japanese atomic bomb survivors' exposures at 

Nagasaki and Hiroshima (Breener and Hall, 2007). 
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A CT examination of a child patient results in a higher dose of IR than that of an adult. 

Abdomen CT for a pediatric patient gives him an effective dose of about 11 mSv. That is 

because the pediatric patients are of smaller size, and the anatomical parts are much closer 

to each other. So many anatomical regions will be irradiated at higher doses, even at low 

levels of exposure (Minigh, 2005). This seems applicable for x-ray radiography, especially 

for newborns (Armpilical et al, 2002), where the mean effective dose for a neonate in the 

special care baby unit for chest x-ray is about 7.8mSv and the abdomen x-ray of 10.9mSv 

(Armpilical et al, 2002). 

 

2.6 Mechanism of IR Induced Biological Effects: 

As mentioned previously, IR has enough energy to remove electrons from their orbits in 

the atoms to form cations. Inside a tissue, when IR interacts, hydroxyl radical is produced 

through the ionization of the water molecule inside a cell. These very active radicals 

interact with cellular components and make chemical changes. They interact with DNA 

(Deoxyribonucleic acid) which is an important vital molecule in the cell, and causes breaks 

in their strands, either the single or the double strands. DNA can also be damaged directly 

by interacting with IR (Mitelman et al, 2007, ICRP, ND). 

 

The damaged parts are either being repaired by the cells themselves; the cells die, not 

repaired, or incorrectly repaired; hence they may cause biophysical changes (Mitelman et 

al, 2007, United States Nuclear Regulatory Commission(USNRC), 2004). 
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2.7 Categories of Health Effects Resulting from IR Exposure 

The health effects resulting from the exposure to IR are classified into two broad 

categories: stochastic effects and deterministic effects( ICRP, ND). 

 

Deterministic effects are those effects resulting after exposure to a large dose of IR, and 

that ultimately result in cells death. These effects do not occur until certain level of 

exposure is reached. If it is below this standard level, it will not occur. The severity of 

these effects increases with increasing the exposure. Deterministic effects vary because 

each organ and tissue has a threshold level; for example skin reddness, burns, 

hematological depression, sterility, cataract, radiation sickness (many symptoms; nausea, 

weakness, hair loss, skin burns). Furthermore, death can occur within few days, weeks or 

months at very high dose (Kalra et al, 2004, EPA, 2008, ICRP, ND). These effects occur 

because of large number of killed cells which cannot be compensated. These effects show 

further complication by inflammatory process and fibrosis, and may result in damage or 

loss of functions of tissue (ICRP, ND). 

 

The second category is stochastic effects where the incidence is random and the probability 

of inducing it increases with increasing the exposure level. Inducing cancer in the 

irradiated person and genetic effects in their offsprings are stochastic effects. It can occur 

at any level of exposure, so it does not need a certain level to occur. Low level exposure 

can result in inducing cancer but the severity of it does not depend on the dose (Kalra et al , 

2004, EPA, 2008, ICRP, ND, Gerber et al, 2009). 
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2.8 Health Risks from Exposure to IR 

Exposure to high doses of IR can lead to severe health effects such as in radiotherapy or 

some accidental events. These effects may vary according to the exposure 

circumstances(Muirhead et al ,2007). According to UNSCEAR, Chernobyl nuclear power 

plant was responsible for 30 workers deaths and injuries of hundreds of workers due to 

radiation (UNSCEAR, 2000). Another tragic event was the atomic bombs thrown on 

Hiroshima and Nagasaki in August 1945 (Parthasarathy, 2001) where about 200,000 

persons died by the end of 1945. These tragic results were due the pressure and head of 

explosion that occurred and also to acute syndromes from high exposure to IR (GSF, 

2005). Many survivals from Hiroshima and Nagasaki atomic bombs had suffered from 

acute radiation syndrome (ARS). This syndrome occurs due to whole body exposure or 

most of it to high levels of IR within a short time. This syndrome has many complex 

symptoms like nausea, vomiting, diarrhea, fatigue, fever and skin damage. The patient may 

feel healthy for a short time, and then becomes sick again. The patient, if treated, may 

recover for several weeks or even for two years after exposure. However, the chance for 

survival from ARS decreases with increasing the dose (Center for Disease Control and 

prevention (CDC), 2006). 

 

The survivors from the atomic bombs were about 120,000 in both cities (GSF, 2005). In 

spite of  that, the mean of dose for this cohort of survivors is considered high about 

200mSv, but more than fifty percent of them received doses less than 50mSv (Preston et al, 

2004).  

 

The survivors were studied by many researchers and many studies. The studies indicate 

that a subgroup of the cohort had a significant increase in cancer incidence among those 
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who received a dose between 5 and 15 mSv with a mean dose of about 40 mSv ( Preston et 

al, 2003, Pierce and Preston, 2000,  Preston et al, 2007) 

 

2.8.1 Risks from Medical Exposure: 

Some of the deterministic effects occur after radiotherapy such as side effects which can 

not be avoided if the radiotherapy does not succeed (ICRP,ND). Cancer incidence 

increases among those who undergo radiotherapy for malignant or benign tumors in both 

children and adults as mentioned in various studies as reported by Muirhead et al ,2007 

 

In interventional radiology, there are fewer doses than that of radiotherapy but it is 

relatively higher than for other diagnostic x-ray. So there is an increase in stochastic risks 

to patients as a result of diversity and complexity of interventional radiology. Also there is 

a risk of deterministic effects such as skin damage, especially if there is a concentration by 

beam on the same skin area (Dendy, 2008, FDA, 1994). There are occasional reports to the 

United State Food and Drug Administration of skin injuries to patients from interventional 

radiology, especially when they take a prolonged fluoroscopy time. In spite of the rare 

incidence of these risks, there are some severe cases (FDA, 1994). 

 

According to Ron, it is difficult for epidemiologic studies to assess the effects from 

diagnostic radiological examinations because they are considered as low doses, except for 

those who have many repeated examinations. Among scoliosis patients, who had many 

radiographs during their late childhood and adolescences, an excess of cancer were 

reported. Breast cancer also increases among women with tuberculosis due to multiple 

chest fluoroscopic examinations (Ron, July 2003)  
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Ma et al, 2007 had implemented a case control study on a 1,742 women aggregate, 20-49 

years, and 441 control women in Los Angeles to investigate the effect of low dose medical 

radiation exposure and breast cancer risk. They found that, among women who had 

multiple chest x-ray or mammogram as reported by them, the risk of breast cancer 

increased according to estrogen and progesterone receptor status, and the difference is 

statistically significant. Also the risk of breast cancer increased among women who had 

dental x-ray without lead apron protection before age 20 years, and the difference is 

statistically significant( Ma et al, 2007). 

 

A cellular study shows that cells exposed to very low dose of x-ray, had double strand 

breaks which increase with increasing the dose. The repair mechanisms occur after a 

certain level of radiation, while cells exposed to very low radiation did not repair the 

damages according to the study ( Rothkamm and Lobrich, 2003) 

 

The Council on Science and Public Health (CSAPH) reported that, there are some studies 

which had indicated an excess of a relative risk for women who received high radiation 

doses of about 0.15 per 6 years, while women who received lower doses had an excess 

relative risk of 2.5. This also had been assured in studies of women receiving high doses to 

treat ankylosing spondylitis. The excess relative risk for whom was 0.08 compared to that 

for scoliosis women who received repeated x-ray examinations; an excess relative risk was 

2.7. This can be interpreted by the fact that cells were killed in women who received high 

doses and so the risk has been reduced (CSAPH, 2006) 

 

The Interventional Agency for Research on Cancer (IARC) has classified x-rays and ã rays 

as carcinogenic to human (IARC, 2000). Based on the data from the 1945 Japanese atomic 
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bombs survivors, risk models were constructed. Gonzalez et al in 2004 made their analysis 

to estimate a cancer risk from diagnostic x-ray for 15 developed countries. The risk of 

cancer from diagnostic X-ray ranged from 0.5% to 3% for all cancers. In the United 

Kingdom, the risk was about 0.6, Australia with cancer risk from diagnostic x-ray was 

1.3% and the highest was in Japan with 3.2% due to diagnostic x-ray (Gonzalez et al, 

2004).  

According to ICRP estimation of fatal cancer risk based on analysis of epidemiological 

data of Japanese atomic bombs survivors and other irradiated populations, 5% were 

estimated to have a fatal cancer after being exposed to 1Sv. The lifetime risk of inducing 

fatal cancer from the exposure to a single abdomen CT would be 0.05 %. That means, one 

patient is expected to have a fatal cancer out of every 2000 who take a single abdomen CT 

(ICRP, ND). European commission in their referral guidelines classified the risk from 

medical diagnostic procedures into four categories. The first is negligible risk category 

such as chest x-ray, extremities except femur and teeth x-ray. The second is minimal risk 

category which has a risk of developing a fatal cancer from 1 per million to one per 

hundred thousand such as head and neck x-ray. Third one is very low risk category, it has a 

risk of developing fatal cancer from one in hundred thousand to one in ten thousands such 

as mammography, hip, spine, abdomen, pelvic x-ray, head CT, and some diagnostic 

nuclear examinations as lung and kidney isotope scan. The last one is low risk category, 

which has a probability of inducing fatal cancer from 1 per 10,000 to 1 per 1000 such as 

IVP, barium enema, barium meal, abdomen CT and bone isotope scan (EC,2000-B). 

 

The fatal cancer risk was estimated from full body CT examinations, it was about 0.08% 

for adult patients. That means one from 1.250 patients who undergo full body CT 



 ��

examinations will suffer from a fatal cancer according to this estimation (Brenner and 

Elliston, 2004) 

 

Gofman had reported in his book after many studies focusing on the effect of ionizing 

radiation on health, that medical diagnostic x-ray contribute to 75 % of new cancer cases, 

and reported that the number of x-ray diagnostic procedures increases with increasing 

physicians, the ischemic heart diseases and cancers have also increased. He indicated that 

there are other confounding factors that may lead to these diseases, but he assured that 

more than half of them died from these diseases due to diagnostic x-ray. Gofman has 

predicted that diagnostic IR will be responsible for 100 million premature deaths in the 

next decade (Gofman,1999). In contrast, medical radiation experts consider the estimation 

of cancer risk from diagnostic x-ray is overestimated because this estimation is derived 

from atomic bomb survivors. They claim that those survivors have been exposed to 

significantly high levels which cannot be extrapolated to those who undergo diagnostic x-

ray which is a low exposure (American Association of Physicists in Medicine (AAPM), 

2007). 

 

In spite of the lifetime risk of cancer from diagnostic x-ray, it is very low compared to 

natural risk of fatal cancer, about 1 to 4. But the risk from this investigation is a cumulative 

risk. While some patients may have very small cumulative dose, others may exceed 50mSv 

(ICRP, ND). 

 

The probability of cancer occurring after exposure to IR is about five times more than of 

inducing genetic effects. Animal studies indicate that there is a genetic effect as a result of 

exposure to IR ( USNRC, 2004). In spite of the fact that there is no evidence of such effect 
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on humans scientists express their concern because they cannot prove the opposite on 

humans (UNSCEAR, 2001). 

 

2.9 Vulnerability to IR: 

Since there are differences in the cells formation, there are many types of cells such as 

nerve cells, muscle cells and so on. This variation is a result of variation in gene expression 

from one cell to another. This allows each type to have its own specific function and so 

differs in their response to IR (Radiation Effects Research Foundation (RERF), 2007). 

Cells which grow and multiply rapidly are more radiosensitive and pick up a radioactive 

material. Thyroid and breast cells are more radiosensitive than nerve and kidney cells 

(Burnham, 2001). 

 

At the same age and sex, the risk of fatal cancer varies due to variation among individuals. 

Females are at greater lifetime cancer risk than males from IR. The effect of ionizing 

radiation exposure decreases with increasing the age. The children have a lifetime risk of 

cancer due to IR more than adults. The risk estimated to be 2 or 3 times more than the 

adults, while the elderly have a lower estimated risk of cancer by 5 times (ICRP, ND). This 

is related to vulnerability of children to IR. Thyroid, breast and gonads are more 

radiosensitive in children than the adults because children are still growing and cells are  

more rapidly dividing. In medical exposure, the small size of children permits x-ray to 

expose adjacent organs to the examined area. In addition to all of these reasons, child has a 

longer life which means that he may have a more cumulative exposure and also have a 

time for cancer to develop (Frush et al, 2003). 
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The doses received from CT are considered as moderate to high radiation of a diagnostic 

technique. A study conducted by Chodick et al in Israel to assess the excess fatal cancer 

risk in children aged < 18 years from a single CT in one year. According to their 

estimation, the risk decreases with increasing the age and the highest risk was among less 

than 3 years age groups. The study estimated the excess cancer deaths by 0.52 % in a year 

from single exposure to CT. In spite of that, the risk is small but it is not negligible. At 

more years and larger numbers being exposed and with repeated examinations, this number 

should be taken into concern (Chodik et al, 2007).  

 

The fetus  may be exposed to IR through exposing his mothers. The Center for Disease 

Control and prevention(CDC) indicates that small doses of IR to the fetus do not have 

teratogenic effects. It is just increasing the likelihood of risk of fatal cancer later. The risk 

is less than 2% more than normal occurrence of cancer (CDC, 2005). The teratogenic 

effects, intrauterine growth, retardation and abortion need a certain level of exposure to IR 

to occur, which is highly greater than those of diagnostic medical exposure ( Miller , 2004,  

Ratnapalan et al, 2008). The risk to the fetus from exposing his mother to abdomen CT was 

estimated to be 0.18% in his first year of age, and 0.07 % from head CT (Miller, 2004). 

 

2.10  Low Doses of IR and Reliability of Risk: 

The committee of Biological Effects of Ionizing Radiation (BEIR) defined the low dose of 

IR as those doses that are less than 100 mSv. At low doses, the risk is not fairly clear but at 

higher doses the risk is evident. About 56% from Hiroshima and Nagasaki atomic bombs 

survivors were exposed to low level of IR (NRC, 2006). Based mainly on analytical 

statistics from studies on survivors, a linear non threshold (LNT) model was constructed. It 

supposes that the risk from IR increases by increasing the dose and there is no level below 
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it the risk does not exist. Another model supposes that the risk does not exist until a certain 

level. (Health Physics Society, 2001) 

 

Pollycove reviewed many studies on the effect of low IR. He refused the LNT and 

indicated that low doses has no effect on humans (Pollycove ,ND). In contrast Brenner et 

al reviewed many studies and concluded that there is no safe level of IR exposure and there 

is an epidemiological evidence for an increasing cancer risk at low doses; about 10-50 mSv 

for acute doses and 50-100 mSv for accumulative doses (Brenner et al, 2003). The risk 

increase of childhood cancer is statistically significant after the exposure of the fetus to 

about 10 mSv (Roll and Wakeford, 1997) 

 

Other studies concluded that the LNT models are overestimating the risk (Cohen, 2000), 

while another concluded that they underestimated the risk (Dropkin, 2007) 

 

The Biological Effects of Ionizing Radiation committee (NRC, 2006) and the United 

Nations Scientific Committee on the Effect of Atomic Radiation reviewed numerous 

numbers of studies on the effect of low IR and concluded that the risk of cancer increases 

with increasing the dose and there is no threshold to induce it (UNSCEAR, 2000). The 

ICRP also adopt this model based on cellular studies ( ICRP,ND). 

 

2.11 Decreasing Radiation Exposure from Diagnostic Medical Radiation 

Today's physicians are getting their diagnoses mainly by doing IR examinations where it 

can be taken by clinical examinations (Golding and Shrimpton, 2002), or by talking 

patient's clinical history, since the patients rely on these examinations and feel better with 

high technology ones (Picano, 2004).  
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It is noticeable that there is a significant number of IR examinations that do not affect the 

patient's clinical management and expose them to unnecessary dose of radiation. The 

experts of Radiology in the European Commission have related this to six main causes: (1) 

there is no care to get a previous film, so repeat the examination, (2) requesting a wrong 

imaging because of lack of communication with a radiologist, (3) there is no need to do the 

investigation either because the result will not affect the clinical management or (4) it is 

clinically early to investigate, (5) not providing a clinical information which is required for 

imaging the suitable one and finally (6) most of physicians rely on imaging and the 

patients feeling comfortable when being imaged (EC, 2000-B). 

To reduce the exposure from medical IR, there are two bases of radiation protection that 

should be taken into consideration. One of them is related to technical factor and protective 

measures and the second, which is in some way related to physicians, is the medical 

justification (ICRP,1991). Justification means that using IR examination should have a 

benefit greater than the risk, taking into account the alternative imaging which does not use 

IR (ICRP,1991). The benefit means that the result from doing such examination will alter 

positively the health care management (Golding and Shrimpton, 2002). 

The referring physicians should justify the IR examination by weighing the benefit versus 

the risk from doing it before referring the patients. So they should know the risks from 

medical IR (EC,2000-A) since the risk varies according to dose and exposure time. 

Knowing the doses received by the patients will aid physicians in risk assessment for each 

examination (Frasher and Allizer, 2006). Knowing that IR examination can cause cancer as 

in abdomen CT, the relative risk, may get physicians attention for well justification 

(CSAPH, 2006). 
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Amis et al, 2007, indicate that some referring physicians know about IR exposure and 

safety issues and take it into consideration in their medical decisions, while others who 

have a little or no information, do not consider the risk in their imaging decisions. 

Picanno E. suggests many points to reinforce the European Law. By using penalty point for 

each inappropriate examination. By giving a radiology prescribing license, and if there are 

a high number of inappropriate examinations, the doctor will forced to attend a radiology 

course and if he continues, the license will be withdrawn.  The other method is the patient 

informed consent. This form contains demonstrating the type of examination and the dose 

in mSv and the equivalent dose in chest x-ray and the risk of cancer and other risks. So the 

doctor will be informed in order to inform the patient and he will  know the risk and the 

benefits from what he would be doing.(Picano, 2004 ) 

Lee et al surveyed the knowledge of emergency department physicians in U.S. academic 

medical center about the radiation risks from CT, and they found that just 9% of the 

physicians believed that CT increases the lifetime risk of cancer and about 75% of them 

underestimate the dose from chest CT in chest x-ray equivalent (Lee et al, 2004). Another 

study in Israel indicates that most orthopedists underestimated the lifetime risk of cancer 

from a bone scan (Finestone, 2003). In contrast, most of physicians reported that they have 

knowledge about medical IR risks that they can cause cancer and genetic effects. But most 

of the physicians did not know that the exposure to natural IR may be equal to some IR 

examinations (Rassion et al, 2005). 

Knowledge of physicians about exposure from medical IR is that it seems to be low 

according to many studies in different countries. A questionnaire study was done on a 

convenient sample from two hospitals in UK to investigate the physicians knowledge 

regarding IR doses received by patients from chest x-ray in mSv and from other medical 

IR examinations in chest x-ray equivalent. None of them know the dose received by 
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patients from chest x-ray. About 97% of the physicians underestimated the doses from 

various IR examinations, while 5% of them claimed that ultrasound uses IR and 7% 

claimed that MRI uses IR (Shiralkar et al, 2003). 

Another study in Germany at a university hospital was done on non-radiologist physicians. 

This study aimed to assess the knowledge of non-radiologist physicians regarding exposure 

from thorax IR examinations. About 39.5% from them correctly estimated the dose from 

chest x-ray and lower percent of about 33.6% correctly estimated adult chest CT exposure 

in chest x-ray equivalent. Also about 26.1% and 26.9% of the physicians correctly 

estimated the dose from cardiac CT and pediatric chest CT respectively in chest x-ray 

equivalent (Heyer et al, 2007). The experience years , field of clinical training and 

hierarchical positions do not affect these results (Heyer et al, 2007).  

In Turkey, a study conducted on physicians from three university hospitals in addition to 

other medical institutions and three clinics. They asked the physicians to estimate the dose 

received from doing a radiological examination in chest x-ray equivalent. About 93% of 

them underestimated the patient doses. While 4 % and 27.4% of them claimed that 

abdomen ultrasound and abdomen MRI respectively exposed patient to IR (Arslanoglu et 

al, 2007). 

In Northern Ireland, another survey study conducted on health care professionals to assess 

their knowledge about radiation dose and risk where a large sample selected randomly. 

They were asked about the doses from chest x-ray and from natural background and to 

estimate doses and risks from various medical IR examinations. About 39% of them 

achieved mean of scores of about 7.1 out of 18, 26% of them scored about 9 or more while 

just 20% knew the chest x-ray dose. This study demonstrates also that physicians who 

received formal training about IR issues are more knowledgeable than those who did not 

(Soye et al, 2008). 



 ��

In another specialized study to assess the pediatricians' awareness regarding IR, only 6% of 

them correctly had estimated the excess lifetime risk from pediatric CT. About 87% and 

94% of them underestimated the dose in chest x-ray equivalent from various radiological 

examinations and CT examinations respectively. Also about 15% of the pediatricians were 

familiar with ALARA principle, and only 14% of them reported that they received any 

relevant formal education during their training (Thomas et al, 2006). 

Another survey was conducted to assess the attitude of various specialist physicians about 

risk and benefit from chest CT. While 64% of them believe that chest CT give new 

information, more than 90% of them underestimate or did not know the dose from chest 

CT in chest X-ray equivalent(Renston et al,1996).   

 

In order to help physicians to avoid unnecessary examinations and unnecessary exposure, 

the American College of Radiologist (ACR) puts appropriateness criteria for IR 

examinations (ACR, 2007). Also the Royal Australian and New Zealand College of 

Radiologists put imaging guidelines (Royal Australian and New Zealand Collage 2001 

sited in Diakie Fitechew, 2004). The European Commission also issued a booklet named 

Referral Guidelines for Imaging. It demonstrates the appropriate examination for clinical 

situation and imaging techniques including exposure, and also provides information about 

classification of cancer risk from IR examinations. (EC, 2000-B).  

EC imaging guideline indicates that the referral physicians should give a sufficient clinical 

data, and the reasons for requesting it to be clear for a radiologist and radio-technologist. 

The radiologist, from this information, may see an alternative examination to do for the 

case to reduce exposure. If the referring physician is in doubt about making IR 

examination, he should communicate with a radiologist to know the best investigations 
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(EC, 2000-B). The referring physician should communicate with a radiologist to determine 

if there is a necessity to follow up by using IR examination (Kalra et al, 2004). 

More attention should be taken by physicians when requesting a high diagnostic dose 

examination like CT, especially when the patient is a child (FDA, 2001). The pediatrician 

should take more caution in children CT imaging and should put an emphasis on reducing 

the exposure by counseling a radiologist (Slovis, 2003). 

 

Regarding interventional radiology and using fluoroscopy which is considered of higher 

dose than conventional x-ray. The personnel and physicians who do it should be trained to 

keep the exposure as low as reasonably achievable (ICRP, ND). 

The FDA also recommends the necessity of training all the operator and physicians who 

make an intervention under fluoroscopy for their patients on radiation protection and how 

to reduce the dose. Also they should be educated on making risk benefits assessment for 

case by case. The necessity to counsel the patients regarding the risks from such large 

radiation exposures through consent forms (FDA, 1994). 

Non-radiologist physicians, who ask for a medical exposure either by sending patient to 

radiology department or they perform it under fluoroscopy, should  receive a radiation 

protection training to be able to make justification and optimize the exposure as low as 

reasonably achievable (ALARA principle) (EC , 2000-A) 

 

Reducing the dose to children after justification from a referring physician could be done 

by optimizing the exposure (using a suitable technical factor, as low as achievable) (ICRP, 

ND). 
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Concerning women in reproductive age, the physician should take information about the 

pregnancy status and if they are likely to be pregnant they should avoid abdomen pelvis x-

ray unless there is strong indication (ICRP, 1991).  

There are many strategies that can be followed to reduce the risk to the pregnant women, 

since the risk is cumulative as radiological exposure. Justification, physicians weighing of 

the benefit versus the risk is  necessary to positively affect the health management of the 

mother with indirect benefit to the fetus. Avoidance strategy is the avoidance of any IR 

examination which does not influence the patient's care such as those taken routinely. 

Delay strategy: if the suspected result does not alter medical management immediately, it 

should be delayed particularly in the most sensitive period of pregnancy. Delaying IR 

examination (unergent radiograph) should be taken upon justification of risk and benefit 

for both the fetus and mother. Alternative strategy: if the IR examination can be substituted 

by a non IR examination as U/S and MRI which have no risk to the fetus(Diagnostic 

ionizing radiation and pregnancy: is there a concern?,2008).  

 

Regarding knowledge of teratogenic risk associated with abdomen x-ray and abdomen CT 

during early pregnancy, a study was conducted to estimate this perception among family 

and obstetric physicians selected randomly across Ontario, Canada. The result shows that 

those physicians have a high unrealistic perception about teratogenic risk associated with 

abdomen x-ray and abdomen CT. The authors have shown that this misperception could 

lead to a delay in health care of a pregnant woman (Ratnapalan et al, 2004). 

 

2.12 Physicians Education about IR issues: 

The National Action Plan on Breast Cancer (NAPBC) recommends the education of 

physicians about IR issues, benefits, risks, effects of single and cumulative doses, and 
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knowledge of received doses. It emphasizes the IR exposure education in order to reduce 

risk of cancer breast. Moreover, it recommends educating the consumer about these issues.  

       It stated that "education of medical personnel and consumer is a critical foundation for 

                    prevention effects"(Balaban et al ,1997). 

 

Physicians should be educated about the risks and examinations to be able to  request the 

imaging and justifying it (Aims et al, 2007). What's more, they will be able to 

communicate and counsel the patients about the risks and benefits from doing IR 

examinations (CASPH, 2006). 

 

In fact, there are numbers of articles talking about medical IR issues in order to educate or 

increase physicians' awareness about it. CSAPH wrote a report about this subject (CSAPH, 

2006), pediatrics journal also provides articles about it (Frush et al, 2003, Solvis, 2003, 

Brody et al, 2007). ICRP also provides a guide for medical practitioners talking about 

medical IR issues (ICRP,ND),  

 

Communication between the radiologist and referral physicians is a way of education for a 

referral physicians and result in decreasing unnecessary exposures and examinations 

(Frush et al,2003, Solvis,2003) 

 

Another educational method is across web site. Health Physicists Society web provides 

radiology information which is directed to physicians. In addition, FDA web provides that 

information too. 
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Quinn et al studied the awareness in non-radiologists where some of them were attended a 

radiation protection course. No differences were shown between attended and not attended 

regarding IR risks. All of them underestimate the radiation risks from X-ray procedures. 

The majority of them did not recognize ALARA principle nor annual dose limit for 

patients. He referred that to poor attendance because of competing clinical courses, so he 

suggested to introduce radiation protection in medical school as a compulsory course 

(Quinn et al ,1997).  

 

Medical education through school seems weak regarding IR issues according to the result 

from some studies. A study was conducted on medical students of Birjand University of 

Medical Science in Iran; the mean knowledge was 10.13 for internal students and 9.07 for 

clerkship student from 20 items.  These results indicate that the knowledge of student is not 

enough (Tavakoli et al, 2003). Another study was conducted on medical students of private 

medical college of Karachi in Pakistan. This study was made to investigate the students' 

knowledge about ionizing and non ionizing radiation and show that most of students have a 

limited knowledge regarding radiation sources, risks, and protection (Mubeen et al, 2008).  

Aims et al indicated the necessity to educate the physicians during medical school study 

about IR issues and exposures to patients, and should be also reinforced during residency's 

post graduated years (Aims et al, 2007). 
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Chapter 3 

Methodology 

In this chapter, the methodology used in this research including the design of the study, 

sampling process, setting of the study, study instrument, data collection and the analysis 

will be reviewed. Moreover, ethical considerations was taken into consideration through 

conducting the research. Finally, the obstacles and limitations which faced the researcher 

through conducting the research are also mentioned. 

 

3.1 Study Design 

The design of this study was a quantitative analytical descriptive study (cross-sectional 

study). It has been selected because it is useful for the descriptive type of studies. The 

cross-sectional study assesses the dependent variables and independent variables at the 

same time, and it is   a simple and short. Also it  is an analytical inasmuch as comparing 

between groups (Yale University, School of Medicine,2007). 

 

The dependent variables in this study included knowledge and practices, while the 

independent variables included socio-demographic factors such as: age, education and 

hospitals; and work related factors such as: specialty degree, department type, experience 

years, experience status inside radiology department and using x-ray status. 

 

3.2 Study Population 

The target population of this study was the physicians who have been working in three 

governmental hospitals in Gaza Governorates.  



 ��

 

 

3.3 Eligibility criteria 

 

3.3.1 Inclusion Criteria 

All physicians who have been working in the three governmental hospitals in Gaza 

Governorates; Shifa, Nasser, and the European Gaza hospitals. 

 

3.3.2 Exclusion Criteria 

Radiologists were excluded from this study because of their knowledge about IR which is 

assumed to be of high level. If included, they might  cause extremes values and higher 

mean than the actual. In addition, for fair comparison, dentists were excluded because they 

are not doctors of medicine (physicians), but they are doctors of dental medicine or of 

dental surgery. 

 

3.4 Sample Size 

The sample size was calculated by using sample size calculator from the survey system on 

the web, with confidence level of 95% and confidence interval of 5. The calculated sample 

size was 256 of the 766 physicians working at the three hospitals (Annex 2). The 

researcher decided to increase this number to 300 in order to increase the response rate and 

to compensate for the uncertainties. 

 

3.5 Sampling Process  

A list of physicians and their departments was obtained from the administration of each 

hospital. A proportionally stratified sample was taken from each hospital (Table 3.1); 167 
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from Shifa hospital, 75 from Nasser hospital and 58 from the European Gaza hospital 

physicians.  

 

Table 3.1: Sample Distribution according to Hospitals' Physicians Population and 

Percentages 

population Sample Size  

Hospital Name N % N % 

Shifa 421 55.7 167 55.7 

Nasser 189 25 75 25 

EGH 146 19.3 58 19.3 

Total 756 100 300 100 

 

Another proportional stratum was made for each hospital.. The physicians were stratified 

according to the main departments; surgery, internal medicine, pediatrics (including 

surgical pediatrics) and obstetrics. Table(3.2) demonstrates these proportionalities. 

 

Table 3.2: Sample Distribution according to Main Departments 

Surgery Internal 

Medicine 

Pediatrics 

and Surgery 

Pediatrics 

Obstetrics Total        Department 

  

 

Hospital N % N % N % N % N % 

Shifa  69 42.5 60 36 13 7.5 25 15 167 100 

Nasser  23 30 26 35 14 18.5 12 16.5 75 100 

EUG 28 48.5 17 29.5 13 22 - - 58 100 

Total 120  103  40  37  300 100 



 ��

3.6 Setting of the Study 

The study was done in Gaza governorates. Main three hospitals was selected, Shifa 

Hospital in Gaza city, Nasser Hospital in Khanyounis city, and European Gaza Hospital in 

Khanyounis governorates south border. 

The hospitals were selected because of their large and divers of their radiological services. 

 

3.7 Ethical Considerations 

A written consent was obtained from the Helsinki committee at the ministry of health in 

August 2008( Annex 3), and an approval also was obtained from the ministry of health 

(Annex 4). A cover page was attached to each copy of the questionnaire to show the study 

purpose and objectives. Also some information was added about the institute of the 

research, name of the researcher, and the right of participations. The confidentiality was 

guaranteed and maintained since the questionnaire was anonymous (Annex 5).  

 

3.8 Study Instrument 

A self administered questionnaire was constructed in order to meet the objectives of the 

study. It was constructed after reviewing many literature on the subject. Originally it was 

constructed in English (Annex 6), and then translated into Arabic except some medical 

terms remained in English (Annex 7). The questionnaire was composed of three parts; the 

first part was for collecting socio-demographic personal data and work related factors. The 

second part was designed to measure the level of  knowledge among physicians about IR 

and its risk, and it was composed of thirty questions. The third part was designed to 

measure the practice level and it  consisted of twenty one questions;  two of them were 

about the availability. 
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Knowledge questions were designed to measure four items; the first item was about IR 

identification, five questions (1 to5). The second item was about radiation protection, 

basically for physicians, and it was composed of three question (6 to 8). The third item was 

constructed to measure exposure knowledge, and it was composed of five questions (9 to 

11, 28 and 30). The last item was designed to measure knowledge about risks of Medical 

Ionizing Radiation. It was the largest item and was composed of seventeen questions from 

12 to 29 except question number 28. 

 

3.8.1 Content Validity 

The researcher had reviewed the available literature on sources and types of IR, the risks 

and exposures of IR specially in medical uses in order to reconstruct the questionnaire. 

After construction, the questionnaire was sent to many experts, accompanied with the 

objectives of the study, to check its validity in meeting these objectives. It had been sent to 

twelve experts but, only ten of them responded and sent their suggestions and comments. 

Three of those who responded are radiologists and the others are medical physicist, 

radiographer, professor of public health, toxicologist, health administrator doctor and a 

public health nurse (Annex 8). Their suggestions and comments had been taken into 

account, where some of the questionnaire items were changed, notified, added or excluded.  

 

3.9 Pilot Study 

A pilot study was conducted before data collection. It was used to check the ambiguity in 

the question statements and the time taken to complete the questionnaire (Teijlingen and 

Hundley, 2001). Thirty physicians were selected to participate in the pilot study; 12 from 

Shifa hospital, 10 from Nasser and 8 from EGH. They were selected by the convenience 

method, and they were excluded from the study sample to avoid prior test effects. A little 
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modification in some expression statements were made after the pilot study. The 

questionnaire took 25-30 minutes to be filled. 

 

3.10 Data Collection 

The data were collected  by the researcher and six assistants who were colleague 

radiographers;  two colleagues from each hospital. Data collection had started on the 10th 

of February and continued until the 10th  of May, 2009. The questionnaire was distributed 

to the physicians randomly according to their strata. A cover page that demonstrates the 

research title and the general objectives was attached. 

 

Note: The assistants had received instructions to guide them in collecting the data. The 

objectives of the study and sampling procedure were explained to them, then each one was 

given a list of the selected physicians.  

 

3.11 Response Rate 

The response rate was 70%. Some of the physicians refused to answer the questionnaire 

because of the restriction of their work time. 

 

3.12 Statistical Analysis 

The data were  entered and analyzed by using the statistical package for social science 

(SPSS, version 12). Data clearance was made to check any entry errors. 

Socio-demographic factors and work related factors, which represent the independent 

variables, were described by descriptive analyses (frequencies and percentages). For the 

dependent variables, the knowledge and practice, descriptive statistics such as means and 

standard deviation were used. 
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To examine the relationship between the dependent and independent variables, the 

researcher use both the t-test and the one way analysis of variance (ANOVA). In addition 

to person's correlation coefficient to investigate the correlation between the IR knowledge 

and practice.  

 

3.13 Limitations of the Study 

1. The results can be only applied on the physicians of the three governmental 

hospitals included in the study. 

2. The authenticity of the use of a self-administrated questionnaire depends on 

honesty and seriousness of the participants. 

3. This study, according to the researcher's knowledge, is the first in Palestine, and 

even in the neighboring  countries according to the web. 

4. Little references was found about the study, but most of them talk about the 

exposure knowledge,  little about the risk, and no one talked about the practice. 

those studies were concerned mostly by an item of exposure. 

5. Too much time was taken to finish this research due to frequent changes of the 

supervisors, the late Israeli aggression on Gaza, and some personal circumstances. 

6. The difficult political situation which is responsible for the long term on going 

physicians' strike.�  
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Chapter 4 

Results and Discussions  

 

In this chapter, the researcher will present the main results of the study based on the 

outcomes of the statistical analyses.  The first part of the results includes the distribution of 

the participants according to their sociodemographic characteristics as age, sex, hospital 

and the education status.  The second part of  the results consists of frequencies and 

percents of work related factors for physicians as their specialty, experience years, 

practical experience in radiology department, department in which the physician works and 

courses received about IR.  The third part of the results relates to the Physicians responses 

about  the knowledge and practices items.  Then the researcher determine the levels of 

knowledge and practices among Physicians regarding IR.                             

 

The researcher conducted one-way analysis of variance (ANOVA) and an independent 

sample t test to test the difference between the Knowledge and  practices  as dependent 

variables and the sociodemographic and work related factors as independent variables.  

Pearson's correlation was used to explain the relationship between  the IR Knowledge and 

Practices among Participating Physicians 
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4.1 Results of Sociodemographic Data 

The participants in this study were 210 physicians. The socio-demographic data were 

related to the participants� description by their frequency and percents in the study. Age, 

sex, place of work, and education data were obtained according to participants answers. 

 

Most physicians� ages were 35 years and less, about 42% of the participants. Then they are 

followed by participants with age between 35 and 45 years (40.5%). The smallest category 

group among age groups was for those above 45 years of age (about 17.4%).This means 

that the physicians of the study are of the young population.  

 

There is a wide variation in sex of physicians; there are 201 male participants with 95.7% 

compared to 9 female participants. This result reflects the community culture towards 

women. 

 

There are three hospitals in this study with the large number of participants from Shifa 

hospital, about 99 participants, who account for 47.1%. Then it is followed by Nasser 

hospital with 29.5% and those in the European Gaza hospital account for 23.3%. This 

result is not a surprise since the sample was taken proportionally and the largest hospital is 

Shifa.  

 

Most of participants with MBBH degree and they account for 42.3%, followed by 

participants with Master degree which represent about 39.4%. Participants with PhDs 

account for 11.5%, which is higher than those with postgraduate diploma (6.7%). The 

following table (4.1) summarizes the sociodemographic factors of physicians who 

participated in the study. 
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Table 4.1:  Sociodemographic Data of the Participants: Age, Sex, Hospital and Education 

 

Item No. % 
Age �� ��

Less than 35 Yrs  80�� 42.1��

From 35 to 45 Yrs 77�� 40.5��

More than 45 Yrs 33�� 17.4��

Total 190 100.0� 
Sex   

Male 201�� 95.7��

Female 9�� 4.3��

Total 210�� 100.0 
Hospital �� ��

Shifa 99�� 47.173��

Nasser 62�� 29.524��

EGH 49�� 23.333��

Total 210�� 100.0� 
Education Status �� ��

MBBCH 88�� 42.31��

Postgraduate  diploma 14�� 6.73��

Master 82�� 39.42��

PhD� 24�� 11.54��

Total 208�� 100.0 
 

4.2 Result of Work Related Factors 

The work related factors for physicians in this study was their specialty, experience years, 

practical experience in radiology department, department in which the physician works and 

courses received about IR. These work related factors are described by their frequency and 

percent as shown in Table 4.2. 
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Table 4.2: Work Related Factors of Participating Physicians 
 

Item No. % 
Specialty  �� ��

Consultant 19�� 9.05��

Specialist 108�� 51.43��

General� 83�� 39.52��

Total 210�� 100 
Experience �� ��

5 �Yrs and less 64�� 32.82��

From 6 to 10 Yrs 73�� 37.44��

More than 10 Yrs� 58�� 29.74��

Total 195 100.0� 
Experience in Radiology Department �� ��

Yes 35�� 16.7��

No 175�� 83.3��

Total 210�� 100.0 
Department  �� ��

Surgery 84�� 40.0��

Internal Medicine 69�� 32.86��

Pediatrics 31�� 14.76��

Obstetrics� 26�� 12.38��

Total 210�� 100.0� 
Training Status in Radiology Department �� ��

Yes 10�� 4.8��

No 200�� 95.2��

Total 210�� 100.0� 
Using X-Ray in Interventional Practices  �� ��

Yes  64�� 30.5��

No  146�� 69.5��

Total  210 100��

 

From the above table, it is shown that specialized physicians are the highest among the 

physicians with a percentage of about 51.4%, followed by general physicians with 39.5%, 

and the consultants represent about 9%. This means that most of the physicians who had 

participated in this study are specialized. 

 

According to years of experience the study population was categorized into three groups; 

the physicians who have five years and less were about 32.8% and those with experience 

years from 6 to 10 represent about 37.4% of the sample. This indicates that there is 
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homogeneity in the experience of the physicians and that there are no experience gabs 

between them. The least category was whose with experience years of more than 10 years 

(29.7%).  

 

Concerning the physicians experience in the radiology department, the results show that 

only 16.7% have experience in the radiology department. This shows that most of the 

physicians have insufficient experience in radiology department. 

 

According to the department in which the physician works, 40% of the participants work in 

surgery departments, while 32.9% in internal medicine departments. Those who work in 

pediatrics and pediatric surgery departments represent about 14.8%, and the least number 

works in the obstetrics departments (12.4%).  

 

Just about 4.8% answered that they had received courses about IR which is a very low 

percent which indicates that there is little concerns regarding IR education among 

physicians. Regarding using x-ray in interventional practices, 30.5% of the physicians use 

it while the majority do not use. 

 

4.3 Response of Participating Physicians to the Questionnaire Items 

 

4.3.1 Response to Knowledge Items  

The research was constructed of 30 questions to measure the knowledge about different 

items of the ionizing radiation subject. 
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Table 4.3: Responses of Participating Physicians to Knowledge Questions 

True False 1 
Questions 

No. % No. % 
1 Ionization is the removal of electrons from the atom  149 71.0�� 61 29.0 
2 X-ray is a stream of electrons with high energy 110 52.4 100 47.6 
3 Ionizing radiation sources are mainly man-made 111 52.9 99 47.1 
4 Radon gas is a natural ionizing radiation source 105 50.0 105 50.0 
5 Gamma rays and Beta particles are considered as ionizing radiation 131 62.4 79 37.6 
6 Patient's physician plays a role in determining radiation dose to patients  166 79.0 44 21.0 
7 The application of the first radiation protection principle (known as 

Justification Principle) is the responsibility of the treating  physician 
96 45.7 114 54.3 

The highest percentage contribution of radiation exposure to the 
population from man-made sources is from diagnostic x-ray procedure 

110 52.4 100 47.6 

Most of plain films have lower patient doses than fluoroscopy 
examinations. 

119 56.7 91 43.3 

8 

Barium enema examinations have lower patient doses than brain C.T.  99 47.1 111 52.9 
11 All C.T examinations have lower patient doses than diagnostic nuclear 

medicine investigations. 
106 50.5 104 49.5 

12 Cardiovascular diseases may be induced after an exposure to high 
therapeutic doses of ionizing radiation 

107 51.0 103 49.0 

13 Skin injuries may be induced as a result of exposure to prolonged 
interventional  fluoroscopy examination (cardiac catheter ablation, 
percutaneous trans-hepatic cholangiography)  

125 59.5 85 40.5 

14 Teratogenic effects  need a certain level of ionizing radiation below 
which does not occur 

90 42.9 120 57.1 

15 Skin injuries may be induced post exposure to C.T examination 129 61.4 81 38.6 
16 Exposure to ionizing radiation from diagnostic x-ray procedures has the 

probability to induce genetic effects. 
129 61.4 81 38.6 

17 Fertility impairment need a certain level of ionizing radiation below 
which does not occur 

136 64.8 74 35.2 

18 At the same age, male and female patients are at the same degree of 
risk when exposed to ionizing radiation 

 
102 48.6 108 51.4 

19 Nerve cells are more radiosensitive to ionizing radiation than bone 
marrow 

111 52.9 99 47.1 

20 Thyroid gland is more radiosensitive to radiation than the kidney 168 80.0 42 20.0 
21 The risk for radiation is the same for all ages 144 68.6 66 31.4 
22 Exposure to radiation- such as radiotherapy- may lead to erythryma and 

hair loss 
164 78.1 46 21.9 

23 Exposing patients to medical diagnostic imaging tests (using ionizing 
radiation) increases lifetime risk of cancer 

151 71.9 59 28. 1 

24 Exposing patients to medical diagnostic imaging tests (orbit C.T) 
increases the probability of inducing cataract 

118 56.2 92 43.8 

25 Exposure to one medical diagnostic imaging tests has the same 
probability of risk as being exposed to two tests separated by some time 

135 64.3 75 35.7 

26 Cataract may be induced as a result of radiotherapy exposure 
101 48.1 109 51.9 

27 The risk of malformation associated with abdominal 
radiography(abdomen x-ray) during organogenesis stage of pregnancy 
is higher than natural risk of malformation 

49 23.3 161 76.7 

28 MRI works by a low energy of ionizing radiation. 80 38.1 130 61.9 
29 Exposing a pregnant woman to medical diagnostic ionizing radiation 

increases the risk of childhood cancer to her fetus 
121 57.6 89 42.4 

30 Do you know the dose in chest x-ray Equivalent of abdomen C.T.? 61 29.0 149 71.0 
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From the above table, the results are as follows. The first item talks about the identity of IR 

and consists of five questions. The percentage of participating physicians who know that 

ionization is a removal of electrons from the atom was about 71%. The rest either they said 

the opposite or they did not know, while those who know that Gamma rays and Beta 

particles are considered as IR were about 62.4%. Furthermore, the other three questions 

were about the participants� knowledge of the questions, the percentage was lower than 

53%, which can be classified as a low level of knowledge. 

 

Radiation protection item is the second one, and composed of three questions. They talked 

about the role of referral physicians and its importance. About 79% of the participating  

physicians know their role in determining the dose to their patients. This percent is 

acceptable, while for the other two questions the percent of true answers was less than 

54%, which is considered low. 

 

Regarding the exposure item which consists of five questions, the knowledge of 

participants was low. Surprisingly, it was just 38.1% of the participants who know that 

MRI does not use IR, and this very low percent seems inadequate. Only 29% from them 

knew abdomen CT in equivalent chest x-ray. It seems that the participating physicians� 

knowledge about patients IR exposures was low. 

 

About the fourth item which consists of seventeen questions, participating physicians� 

knowledge was relatively high in few questions. Most of them knew that thyroid gland is 

more radiosensitive to radiation than the kidney with a percentage of about 80%. While 

only 20% of them answered the opposite or they did not know. Also the relatively high 

percent for knowledge was to the 22nd question which stated that, radiotherapy leads to 
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erythryma and hair loss by 78.1%. This knowledge seems unsatisfactory because of the 

high risk. Only 71.9 % knew that diagnostic x-ray increases the lifetime risk of cancer, 

while 28.1% did not know that or said the opposite. Furthermore, this result is not 

satisfying because of the physician's responsibility to justify the request when the benefit 

surpasses the risk. A lower percent (57.6) of the participating physicians� knowledge about 

increasing lifetime risk of childhood cancer to the fetus when his mother is exposed to 

medical diagnostic IR was recorded. Also this percent is low because of the responsibility 

of physicians in counseling the patients.  At the same age, female patients are at greater 

risk than male patients when exposed to IR. Just 48.6% of the participants knew this fact, 

which for physicians is a low knowledge as an important fact. The fact that the risk from 

IR is not the same for all ages was known by 68.6% of the participants, while 31.4% did 

not know this fact or answered the opposite.  

 

The lowest knowledge for the twenty-seven questions was of the seventeenth. Just 23.3% 

of the participants, knew that the risk of malformation in the organogenesis stage of the 

pregnancy was lower than the natural risk of malformation. This percent was very low, 

while due to the importance of knowledge of this fact it should be high. The high 

knowledge helps the physicians to counsel the pregnant women in order to treat the 

pregnant patient without delay if it is a suitable procedure. All of the other questions had 

true answers with less than 65% of the participating physicians. This indicates that  

physicians� knowledge also was low. 
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4.3.2 Responses of Participating Physicians to Practice Items 

The third part of the questionnaire contained practices questions. The nineteen questions 

were constructed to measure the practice of the participants, in addition to two questions 

about availability. Of the 30.5% who use x-ray, just about 56.3% follow the practical 

radiation protection principle � as low use as reasonably achievable, while 31.3% do not 

know this principle and 12.55% do not follow this principle. The principle is very 

important to protect the patient and reduce the risk of IR as possible. So the physicians 

who use x-ray in interventional practices should follow this principle. Half of the 

participants follow the principle, but this is not enough and indicates negative practice 

toward IR protection. Participating physicians were also asked about the availability of 

imaging protocols. About 81.9% of the participating physicians indicated that there was no 

imaging protocols, while about 18.1% answered that there were imaging protocols, and 

most of them (91.7%) follow these guidelines. All of the participants have been working in 

governmental hospitals. This variation in answers about the availability of guidelines 

indicates that either the participants have no knowledge about its availability or it is not 

existent. Table 4.4. summarizes these results. 

  

Table 4.4: Participating Physicians Following ALARA Principle and Imaging 

protocols  

 

Item No. % 
Following ALARA  principle   

Yes 36�� 56.3��

No 8�� 12.5��

DK 20�� 31.3� 
Total 64��� 100.0� 

Following imaging guidelines �� ��

Yes 33�� 91.7��

No 3�� 8.3��

Total 36� 100.0� 
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Regarding responses to other practices items, a high percentage on two questions was 

reported. Firstly, 90% said that they asked female patients about pregnancy, while 10% 

either they sometimes or did not ask about pregnancy.  Secondly, a high percentage (94%) 

reported that they have been notified about pregnancy on radiology examination while 6% 

answered sometimes or they did not respond. Regarding the consultation with radiologist 

about the effective radiological procedure for patients, 73% of the participating physicians 

said they made consultation with radiologist frequently or sometimes. While 27% said that 

they did not make consultation with radiologist. The participants who recorded diagnosis 

and patient history on radiology request represent 69.5%, while just 30.5% either 

sometimes they record or did not record at all. Regarding recording a radiological 

examination, the results show that 65.7% said that they do this mostly and 33.3% 

sometimes they do or did not do it at all.  The participating physicians also recorded two 

very low percentages; just about 44.8% from them mostly took into account the ten day 

rule when requesting a radiological examination for a woman in reproduction age, while 

the 45.2% either sometimes or not at all took the rule into account. The second low percent 

was about counseling the patients regarding the risk and benefit from radiological 

examination where 42.4% did this mostly well and 57.6% did not do this at all or 

sometimes they did.  

 

Regarding the rest of the practices, the positive practice of the participants was less than 

66%. The following table (4.5.) shows these results. 
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Table 4.5: Responses of Participating Physicians to Practices Questions 

 

+Ve 
practice 

-Ve 
practices 

 
Questions 

No. % No. % 
1 Do you follow a certain criterion in requesting multiple radiological 

examinations?  
For example degradation 
 140 66.7 70 33.3 

2 Do you ask patients about previous exposures to ionizing radiation?  
(How many and when) 
 132 62.9 78 37.1 

3 Do you see the result of the previous radiological examinations 
before requesting another one? 
 130 61.9 80 38.1 

4 Do you record a diagnosis and patient history on the ionizing 
radiation requests? 
 146 69.5 64 30.5 

5 If you request an x-ray examination or C.T for women in 
reproductive age, do you ask her about pregnancy? 189 90.0 21 10.0 

6 Do you take into account a ten day rule  
(Ten day after menstruation) when requesting a radiological 
examination? 
 94 44.8 116 55.2 

7 Do you make a consultation regarding the doses received by 
patients? 
 124 59.0 86 41.0 

8 Do you consult with a radiologist to know the most effective 
radiological procedure regarding the clinical case of your patient? 
 154 73.3 56 26.7 

9 Do you consult with a radiologist or a radiographer about exposure 
risk? 
 
 126 60.0 84 40.0 

10 Do you counsel the patients regarding the risks and benefits of 
ionizing radiation examination? 
 89 42.4 121 57.6 

11 Do you record radiological examination on patients file and the result 
of it? 
 138 65.7 72 34.3 

12 Do you request chest x-ray as routine for inpatients? 
 120 57.1 90 42.9 

13 Do you request x-ray examinations as patient desire for 
psychological purposes? 110 52.4 100 47.6 

14 If you need a biopsy procedure, do you request it under C.T.? 90 42.9 120 57.1 
15  In case of patient pregnancy, do you notify about her pregnancy on 

the patient request? 199 94.8 11 5.3 
16  Do you delay a radiological examination (abdomen and pelvis x-ray) 

for a pregnant woman? 116 52.4 100 47.6 
17 Do you request C.T. examinations just for doing something to the 

patients? 117 55.7 93 44.3 
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4.4 Levels of IR Knowledge and Practices among Physicians 

Thirty questions were constructed to reflect the level of IR knowledge among physicians in 

three governmental hospitals in Gaza governorates in addition to the twenty one questions 

about their practices toward IR. For the knowledge questions each correct answer was 

scored by 1 and wrong answer by zero. Regarding practices questions, the positive practice 

was scored by one and zero for a negative practice.  

 

To determine the level of the physicians� knowledge and practices, descriptive statistics 

was conducted such as mean, standard deviation and percentage. Table 4.6 summarizes 

these statistics. 

 
 

Table 4.6: IR Knowledge and Practices among Physicians 

 

Item N Number 
of 
Questions 

Mean Standard 
Deviation 

% 

IR Knowledge 210 30 16.77 3.78 55.92 
IR Practices 210 19 11 2.98 57.89 
 

The above table shows that the mean of scores was about 16.77 from 30 points regarding 

IR knowledge with a standard deviation of 3.78 and a percentage of 55.92%. This result 

indicates that the level of knowledge among physicians regarding IR and its risk was 

relatively low. 

 

Regarding practices of the participating physicians toward IR and risk, from the table, the 

mean of scores which reflect positive practice was 11 from 19 points with a standard 

deviation of 2.98 and percentage of 57.91%. This result also indicates that there are 
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relatively low practices among participating physicians. The practices of physicians 

regarding IR were covered by little researches according to the researcher knowledge.  

 

Lee et al in 2004 found that, only 22% of the emergency department physicians 

communicate about risk and benefit from CT with patients, and only 9% mention the doses 

to their patients. While only one third of pediatricians communicate with the parents of the 

patients regarding radiation doses from CT examination. 

 

4.4.1 Categories of IR Knowledge and Practice Levels 

In spite of relatively low knowledge and practices about IR and its risks among 

participating physicians, the researcher classified them into three categories after knowing 

the mean of knowledge, and the mean of practice. The first category was less than 50% for 

knowledge and practices which represent low knowledge and low practice; the second 

category was from 50% to less than 70% which was medium knowledge and medium 

practices, while the high knowledge and practices were 70% and higher. Table 4.7 shows 

the frequency and percent of each category. 

 

 
Table 4.7: Categories of IR Knowledge and Practice among Participating Physicians 

Levels 
 

 
 

 

Item No. % 
Knowledge   

Low 49�� 23.33��

Medium 131�� 62.38��

High 30�� 14.29��

Total 210�� 100.0 
Practices   

Low 67�� 31.9��

Medium 92�� 43.8��

High 51�� 24.3��

Total 210�� 100.0� 
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From the above table, the low knowledge category of physicians about IR and its risk was 

about 23.3%, while the medium knowledge was about 62.4% and high knowledge was 

about 14.3%. There is a wide variation in the knowledge categories. This result indicates 

that most of the physicians knowledge falls in the medium knowledge category, then low 

category, and the least physicians� knowledge was in the high knowledge category. This 

reflects the relatively low knowledge of the participating physicians. 

 

Regarding practices of physicians toward IR and its risk, low practices category represents 

31.9%, while the medium category was 43.8% and the high category about 24.3%. There 

are relatively large variations among categories but this is not as that in knowledge (figure 

4.1). The result indicates that most of the participating physicians have medium practices, 

(43.8% of total participants), followed by those with low practices and the least was to 

those with high practices. The participants who have got a high practice represent only one 

fourth of the participants. This indicates relatively low practices. 
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Figure 4.1: Categories of Participating Physicians Knowledge and Practices 
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4.4.2 Level of Knowledge about Different IR Items 

As mentioned previously, knowledge questions were divided into four items concerning IR 

and its risks. The first item consists of five questions on identity of IR. The second is 

composed of three questions on radiation protection related to the referral physicians. The 

third one was on radiation protection, but it was specific for exposures from diagnostic 

radiological examinations and consists of five questions. The important item was about the 

risks of IR and consisted of seventeen questions. 

 

Table 4.8: Level of Knowledge about Different Ionizing Radiation Items among 

Participating Physicians 

  

Item No. of questions Mean Std 
Identity of Ionizing 
Radiation 

5 
0.6 0.2 

Radiation Protection 3 0.6 0.3 
Exposure 5 0.4 0.2 
Risk 17 0.6 0.2 
Knowledge 30 0.6 0.1 

 

To make comparisons among knowledge items easily, the mean of each item was divided 

on the number of questions. From the table above, it is clear that the knowledge of 

physicians about different items is similar with no clear variation. Means of IR identity 

item, radiation protection and risk are alike of about 0.6 with a percentage of 60%. This 

indicates a relatively low knowledge. While the mean of exposure items of 0.4 was the 

least with a percentage of 40%, and it is considered as a low knowledge. This means that 

participants� knowledge about IR identity item, radiation protection and IR risks was 

higher than radiation exposure item. In spite of that, the participating physicians� 

knowledge about different items was low. 
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Regarding the results of exposure knowledge, they are similar to many studies conducted 

in different countries. According to these studies, most of the physicians did not know the 

actual dose of common radiological procedure in chest x-ray equivalent. Furthermore, they 

underestimated the dose (Soye J. et al, 2008, Atilla, et al, 2007, Thomas, et al, 2006, 

Quinn, 1997, and Shiralkar, et al, 2003). Low knowledge of physicians regarding CT doses 

in chest x-ray equivalent was concluded by other researchers (Lee, 2004, Ronston, 1996, 

and Heyer, et al, 2007). In addition, most of the physicians did not know that radiation 

doses received by various x-ray procedures or CT scans may be equal to natural 

background radiation (Russion, et al, 2005) . These results may be due to a defect in 

medical education, which does not cover these issues (Musbeen, et al, 2008, Tovakoli, 

2003). The researchers of those studies conducted them on medical students in Pakistan 

and Iran. Also, most of pediatricians did not receive formal teaching during their specialty 

training (Thomas, et al, 2006). Furthermore, some physicians said that MRI and US expose 

the patients to IR according to many studies conducted in different countries (Atilla, et al, 

2007, Heyer, et al, 2007, and Shiralkar, et al, 2003). 

 

According to risk of IR Knowledge studies, there are underestimation of risk due to 

common radiological procedures (Quinn, 1997, and Thomas, et al, 2006). A little of 

physicians believed that CT increases the lifetime risk of cancer (Lee, et al, 2004). Soye, et 

al in 2008 concluded in their study that the physicians� knowledge about the potential risk 

from common radiological examination is poor. A study conducted to know awareness of 

physicians about bone scan risk indicated that most physicians underestimate the risk from 

bone scan (Fine, et al, 2003). 
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Another specific study indicated that family physicians and obstetricians overestimated the 

teratogenic effects which result from abdominal x-ray and CT during early pregnancy 

(Rantnoplan, et al, 2004). The different result was for Rassion, et al in 2005 who indicated 

that most physicians know that x-ray and CT can cause cancer and genetic effects. Most of 

medical students had a poor knowledge of radiological procedures risks (Mubeen, et al, 

2008, and Tavakoli, et al, 2003). 

 

Awareness of radiation protection issues is low among physicians according to Thomas, et 

al in 2006 and Quinn, in 1997. The medical students� knowledge about radiation protection 

is not adequate in two studies conducted by Mubeen, et al in 2008 and Tovakoli, et al in 

2003. 

 

4.5 IR Knowledge and Practices with Socio-Demographic Characteristics  

4.5.1 IR Knowledge and Practices with Age Groups 

The physicians who participated in this study were categorized into three groups regarding 

their age as mentioned previously. The first group represents the physicians with age of 35 

years and less, the second of those from 36 to 45 years and the last group for whose of 

more than 45 years. To test the relationships among physicians� age groups with their 

knowledge and practices regarding IR and its risk, one-way ANOVA test was used. Other 

descriptive tests such as frequency, mean and standard deviation were also conducted. The 

following table (4.9.) shows the result. 
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Table 4.9: Participating Physicians Knowledge and Practices in Relation to Their Age 

Group 

Item Age No. Mean Std F Sig. 
35 Yrs and less 80�� 0.6 0.2 
From 36 to 45 77�� 0.6 0.3 
More than 45 Yrs 33�� 0.6 0.3 

0.506 
 
��

0.603��
Identity of 
Ionizing 
Radiation 

Total� 190�� 0.6 0.2   
35� Yrs and less 80�� 0.6 0.3 
From 36 to 45 77�� 0.6 0.3 
More than 45 Yrs 33�� 0.6 0.3 

0.848�� 0.430��

Radiation 
Protection 

Total� 190�� 0.6 0.3   
���  Yrs and less 80�� 0.5 0.2 
From 36 to 45 77�� 0.4 0.2 
More than 45 Yrs 33�� 0.4 0.2 

0.635�� 0.531��

Exposure 

Total� 190�� 0.4 0.2   
���  Yrs and less 80�� 0.6 0.1 
From 36 to 45 77�� 0.6 0.2 
More than 45 Yrs 33�� 0.6 0.1 

1.982�� 0.141��

Risk 

Total� 190�� 0.6 0.1   
���  Yrs and less 80�� 0.6 0.1 
From 36 to 45 77�� 0.6 0.1 
More than 45 Yrs 33�� 0.6 0.1 

0.739�� 0.479 

Knowledge 

Total� 190�� 0.6 0.1   
���  Yrs and less 80�� 0.6�� 0.2��

From 36 to 45 77�� 0.6�� 0.2��

More than 45 Yrs 33�� 0.5�� 0.2��

0.889�� 0.409 
Practices  

Total� 190�� 0.6�� 0.2��   
 

The above table shows that there is no variation of means of knowledge among the three 

age groups. There is no statistically significant difference between knowledge and age 

group (F = 0.739, P value = 0.479). 

 

Regarding the exposure item, it is clear that the age group with 35 years and less has higher 

mean (0.5) than the other age groups of mean of 0.4. This means that they have higher 

knowledge than the other age groups, but there is no statistically significant difference 

between age groups and the exposure knowledge item. About other knowledge items, also 

there are no statistically significant differences (p-value >0.05). In spite of that, the mean 
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of practice of the age group of more than 45 years was 0.5 which is less than the other 

groups (0.6). Moreover, there is no statistically significant difference among age groups 

and practices of participating physicians (F = 0.889, p-value = 0.409),  

 

4.5.2 IR Knowledge and Practices with Hospitals 

This study was conducted in three governmental hospitals; Shifa hospital, Nasser hospital 

and European Gaza hospital. To test the relationship between knowledge and practices of 

physicians with hospitals, one-way ANOVA test was conducted. Also other descriptive 

statistics such as means and standard deviation were calculated. The following table shows 

the results of these tests. 

Table 4.10: IR Knowledge and Practices of the Participating Physicians in Relation to 

Hospitals  

Item Hospital No. Mean Std F Sig. 
Shifa 99 0.6 0.2 
Nasser 62 0.6 0.2 
EGH 49 0.5 0.3 

1.160�� 0.315 Identity of 
Ionizing 
Radiation 

Total� 210 0.6 0.2   
Shifa 99 0.6 0.3 
Nasser 62 0.7 0.2 
EGH 49 0.6 0.3 

2.585�� 0.078 
Radiation 
Protection 

Total� 210 0.6 0.3   
Shifa 99 0.4 0.2 
Nasser 62 0.5 0.2 
EGH 49 0.5 0.2 

0.962�� 0.384 
Exposure 

Total� 210 0.4 0.2   
Shifa 99 0.6 0.2 
Nasser 62 0.6 0.1 
EGH 49 0.6 0.2 

1.938�� 0.147��
Risk 

Total� 210 0.6 0.2   
Shifa 99 0.5 0.1 
Nasser 62 0.6 0.1 
EGH 49 0.6 0.1 

1.705�� 0.184 
Knowledge 

Total� 210 0.6 0.1   
Shifa 99 0.6 0.2 
Nasser 62 0.6 0.1 
EGH 49 0.6 0.2 

�0.648�� 0.524 
Practices  

Total� 210 0.6 0.2   
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From the above table, there are no statistically significant differences between physicians 

knowledge and hospitals (F = 1.7, p-value = 0.18). Mean results indicate that the 

physicians working at Shifa hospital have the lowest knowledge, and that the knowledge 

items with hospitals have no statistically significant differences. There is no statistically 

significant differences among physicians practices due to hospitals (F= 0.46, p-value = 

0.52) 

4.5.3 IR Knowledge and Practices of Physicians and Their Education 

Education of the participating physicians was classified into four groups. First group was 

those with MBBCH degree, the second with postgraduate Diploma, the third masters 

Master and the fourth one was those with a PhD degree. The education status is the 

independent variable, to test its relation with the independent variables (knowledge and 

practices) one way analysis of variance was conducted, and other descriptive statistical 

calculations were done. Table 4.11 shows the results. 
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Table 4.11: IR Knowledge and Practices of Physicians and Their Education 

 

Item Education No. Mean Std F Sig. 
MBBCH 88�� 0.6 0.2 
Postgraduate   14�� 0.6 0.3 
Master 82�� 0.6 0.3 
PhD 24�� 0.6 0.3 

0.408�� 0.748 Identity of 
Ionizing 
Radiation 

Total� 208�� 0.6 0.2   
MBBCH 88�� 0.6 0.3 
Postgraduate   14�� 0.4 0.2 
Master 82�� 0.6 0.3 
PhD 24�� 0.7 0.2 

4.056�� 0.008 

Radiation 
Protection 

Total� 208�� 0.6 0.3   
MBBCH 88�� 0.5 0.2 
Postgraduate   14�� 0.5 0.2 
Master 82�� 0.4 0.2 
PhD 24�� 0.5 0.2 

0.350�� 0.789 
Exposure 

Total� 208�� 0.4 0.2   
MBBCH 88�� 0.6 0.2 
Postgraduate   14�� 0.6 0.1 
Master 82�� 0.6 0.2 
PhD 24�� 0.6 0.1 

2.076�� 0.105 
Risk 

Total� 208�� 0.6 0.1   
MBBCH 88�� 0.5 0.1 
Postgraduate   14�� 0.5 0.1 
Master 82�� 0.6 0.1 
PhD 24�� 0.6 0.1 

1.808�� 0.147��
Knowledge 

Total� 208�� 0.6 0.1   
MBBCH 88�� 0.6 0.2 
Postgraduate   14�� 0.5 0.2 
Master 82�� 0.6 0.1 
PhD 24�� 0.6 0.2 

1.136�� 0.336 
Practices  

Total� 208�� 0.6 0.2   
 
 

The above table shows that there are no statistically significant differences between 

knowledge of the participating physicians and their education level (F= 1.808, p-value = 

0.147), but there are statistically significant differences between radiation protection item 

and education level (F = 4.056, p-value = 0.008). According to Scheffe test the differences 

were for PhD with a mean of 0.7, followed by master and MBBCH with a mean of 0.6.  

The other knowledge items showed no statistically significant differences. 
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There is no statistically significant difference between physicians practices and education 

status (F = 1.136, p-value = 0.336). The researcher could not find any study that had 

investigated this relationship. Only one study had indicated that general physicians did not 

know that MRI  does not expose patients to IR more than other specialized physicians and 

the difference was significant (Atilla, et al, 2007) 

 

 

4.6 IR Knowledge and Practices of Physicians with Work Related Factor 

4.6.1 IR Knowledge and Practices of Physicians with Hierarchical Specialty 

Participating physicians hierarchical specialty was an independent variable in this study, 

and it was categorized into three groups; consultants, specialists and general practitioners. 

The mean, standard deviation, and one-way analysis of variance were calculated to see if 

the knowledge and practices of the physicians are related to the hierarchical specialty. The 

following table summarizes these results. 
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Table 4.12:  IR Knowledge and Practices with Specialty Degree of Physicians  

Item Specialty No. Mean Std F Sig. 
Consultant 19�� 0.7 0.3 
Specialist 108�� 0.6 0.3 
General 83�� 0.6 0.2 

1.300�� 0.275��
Identity of 
Ionizing 
Radiation 

Total� 210�� 0.6 0.2   
Consultant 19�� 0.7 0.2 
Specialist 108�� 0.6 0.3 
General 83�� 0.6 0.3 

2.788�� 0.045 Radiation 
Protection 

Total� 210�� 0.6 0.3   
Consultant 19�� 0.5 0.2 
Specialist 108�� 0.4 0.2 
General 83�� 0.4 0.2 

0.636�� 0.530 
Exposure 

Total� 210�� 0.4 0.2   
Consultant 19�� 0.6 0.2 
Specialist 108�� 0.6 0.1 
General 83�� 0.6 0.2 

1.926�� 0.148 
Risk 

Total� 210�� 0.6 0.2   
Consultant 19�� 0.6 0.1 
Specialist 108�� 0.6 0.1 
General 83�� 0.5 0.1 

2.249�� 0.108 
Knowledge 

Total� 210�� 0.6 0.1   
Consultant 19�� 0.6 0.1 
Specialist 108�� 0.6 0.2 
General 83�� 0.6 0.2 

1.072�� 0.344 
Practices  

Total� 210�� 0.6 0.2   
 

The above table shows that there is no statistically significant difference between 

knowledge of the participants and their hierarchical specialty, but there is a statistically 

significant difference between radiation protection item and the hierarchical specialty (F = 

2.778, p-value = 0.045). The Scheffe test indicated that the difference is for consultant 

physicians with a mean of 0.7, followed by specialists and general physicians with a mean 

of 0.6. Regarding the other items there were no significant differences with specialty 

hierarchy. There are no statistically significant differences between practices of 

participant's physicians and hierarchical specialty (F = 1.072, p-value = 0.344). Regarding 

the knowledge and practices about IR, the researcher could not find previous studies on 

this relationship. 
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4.6.2 IR Knowledge and Practices of Physicians with Experience 

As described previously, the experience is categorized into three groups: the first is  

physicians with experience of 5 years and less, whose with experience of above 5 years to 

10 years is  the second category, while the third one is those with experience years of more 

than 10 years. Experience years as dependent variable was tested with the dependant 

variables, knowledge and practices by using one-way analysis of variance, also the mean 

and the standard deviation were calculated. The following table highlights these results. 

 

Table 4.13:  IR Knowledge and Practices of Physicians with Experience 

Item Experience No. Mean Std F Sig. 
�� Yrs and less 64�� 0.6 0.2 
From 6 to 10 Yrs 73�� 0.6 0.3 
More than 10 Yrs� 58�� 0.6 0.2 

1.580�� 0.209 Identity of 
Ionizing 
Radiation 

Total� 195�� 0.6 0.2   
�� Yrs and less 64�� 0.6 0.3 
From 6 to 10 Yrs 73�� 0.6 0.3 
More than 10 Yrs� 58�� 0.6 0.2 

0.493�� 0.611 Radiation 
Protection 

Total� 195�� 0.6 0.3   
�� Yrs and less 64�� 0.4 0.2 
From 6 to 10 Yrs 73�� 0.5 0.2 
More than 10 Yrs� 58�� 0.4 0.2 

1.044�� 0.354 
Exposure 

Total� 195�� 0.4 0.2   
�� Yrs and less 64�� 0.6 0.1 
From 6 to 10 Yrs 73�� 0.6 0.2 
More than 10 Yrs� 58�� 0.6 0.1 

1.142�� 0.321 
Risk 

Total� 195�� 0.6 0.2   
�� Yrs and less 64�� 0.6 0.1 
From 6 to 10 Yrs 73�� 0.5 0.1 
More than 10 Yrs  58�� 0.6 0.1 

0.476�� 0.622 
Knowledge 

Total� 195�� 0.6 0.1   
�� Yrs and less 64�� 0.6 0.2 
From 6 to 10 Yrs 73�� 0.6 0.2 
More than 10 Yrs 58�� 0.6 0.1 

�0.131�� 0.877 
Practices  

Total� 195�� 0.6 0.2   
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The table shows that there is no statistically significant difference between knowledge of 

participants and their experience (F= 0.476, p-value = 0.622). All knowledge items have no 

statistically significant differences. This indicates that years of experience do not affect the 

knowledge of CT dose of physicians (Lee, et al, 2004, Heyer et al, 2007). There is no 

statistically significant difference between practices of the participating physicians and 

their years of experience (F = 0.131, p-value = 0.877) 

 

4.6.3 IR Knowledge and Practices of Physicians with Experience Status in Radiology 

Department 

The participating physicians were divided into two classes according to their experience in 

the radiology department; they either have experience or not. To examine the relation 

between those who have an experience in the radiology department and those who do not 

with their knowledge and practice, t-test was used. The mean and the standard deviation 

were also calculated. Table 4.14 shows the results. 

 

Table 4.14: Experience Status in Radiology Department in Relation to Physicians 

Knowledge and Practices 

Item Technical 
Experience No. Mean Std t Sig. 

Yes 35�� 0.6 0.2 Identity of 
Ionizing 
Radiation 

No 175�� 0.6 0.3 
0.302�� 0.763��

Yes 35�� 0.7 0.3 Radiation 
Protection No 175�� 0.6 0.3 

1.584�� 0.115 

Yes 35�� 0.5 0.2 
Exposure 

No 175�� 0.4 0.2 
0.733�� 0.464��

Yes 35�� 0.6 0.1 
Risk 

No 175�� 0.6 0.2 
1.393�� 0.165��

Yes 35�� 0.6 0.1 
Knowledge 

No 175�� 0.6 0.1 
1.613�� 0.108��

Yes 35�� 0.6 0.1 
Practices  

No 175�� 0.6 0.2 
�0.444�� 0.658��

 



 ��

The results in the above table shows that there are no statistically significant differences 

between knowledge and experience status in the radiology department (F= 1.613, p-value 

= 0.108). Knowledge items with experience status in radiology department do not have any 

statistically significant difference. 

 

Note: Those with an experience in radiology department have got higher means of scores 

in radiation protection knowledge item (0.7) and exposures knowledge (0.5) than those 

who have no experience 0.6 for radiation protection knowledge and 0.4 for exposure 

knowledge item. There is no statistically significant differences between those who have 

experience in the radiology department and those who have not with practices of the 

participating physicians (T = 0.44, p-value = 0.658). According to the researcher's 

knowledge, there are no studies conducted on those relationships, except one study which 

had indicated that the field of clinical training does not affect the physicians' knowledge of 

CT doses (Heyer, et al, 2007). Another study by Soye, 2000 had shown that training in 

radiology departments affects awareness about radiation doses significantly with a p-value 

of less than < 0.05.  

 

4.6.4 IR Knowledge and Practices of Physicians with Type of Department 

Hospital departments are divided into four main departments; surgery, internal medicine, 

pediatrics, and obstetrician departments. The department type was considered as an 

independent variable in this study. To test the relationship of the type of the department 

with the knowledge and practices of  physicians regarding IR and its risk, one-way analysis 

of variance was conducted in addition to other descriptive calculations such as mean and 

standard deviation. The following table shows the results of these statistics. 
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Table 4.15: IR Knowledge and Practices of Participating Physicians with Type of 

Department 

 

Item Department No. Mean Std F Sig. 
Surgery 84�� 0.6 0.2 
Internal Medicine 69�� 0.6 0.2 
Pediatrics 31�� 0.6 0.3 
Obstetrician� 26�� 0.6 0.3 

0.210�� 0.889 Identity of 
Ionizing 
Radiation 

Total� 210�� 0.6 0.2   
Surgery 84�� 0.6 0.3 
Internal Medicine 69�� 0.6 0.3 
Pediatrics 31�� 0.6 0.3 
Obstetrician� 26�� 0.6 0.3 

0.189�� 0.904 Radiation 
Protection 

Total� 210�� 0.6 0.3   
Surgery 84�� 0.5 0.2 
Internal Medicine 69�� 0.4 0.2 
Pediatrics 31�� 0.5 0.2 
Obstetrician� 26�� 0.4 0.2 

1.141�� 0.333��
Exposure 

Total� 210�� 0.4 0.2   
Surgery 84�� 0.6 0.1 
Internal Medicine 69�� 0.6 0.2 
Pediatrics 31�� 0. 6 0.1 
Obstetrician� 26�� 0.6 0.2 

1.577�� 0.196 
Risk 

Total� 210�� 0.6 0.2   
Surgery 84�� 0.6 0.1 
Internal Medicine 69�� 0.6 0.1 
Pediatrics 31�� 0.5 0.1 
Obstetrician� 26�� 0.5 0.2 

0.825�� 0.482 
Knowledge 

Total� 210�� 0.6 0.1   
Surgery 84�� 0.6 0.2 
Internal Medicine 69�� 0.6 0.2 
Pediatrics 31�� 0.5 0.1 
Obstetrician� 26�� 0.6 0.2 

2.269�� 0.082 
Practices  

Total� 210�� 0.6�� 0.2   
 

There are no statistically significant differences between total knowledge of the physicians 

regarding IR and its risk, and the department type (F = 0.825, p-value = 0.482). The items 

of knowledge also do not have any statistically significant differences with department 

types.  
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Note: The surgery and internal medicine physicians had a higher total knowledge with 

mean 0.6 than those of the pediatrics and obstetrics with mean of 0.5. 

There are no statistically significant differences between practices of physicians regarding 

IR risks and department types (F = 2.269, p-value = 0.082). 

Note: The pediatricians have got lower mean of scores (0.5) than those of the other 

departments. 

 

4.6.5 IR Knowledge and Practices with X-Ray Using Physicians 

Physicians either use x-ray in their interventional practices or not. To test if the physicians 

who use x-ray in their interventional have a higher knowledge and practices than those 

who do not use it, the t-test was conducted. Table 4.16 shows the results of t-test, means 

and standard deviation. 

 

Table 4.16: IR Knowledge and Practices with Using X-Ray status 

 

Item Using X- Ray No. Mean Std t Sig. 
Yes 64�� 0.6 0.3 Identity of 

Ionizing 
Radiation 

No 146��
0.6 

0.2 
0.206�� 0.837 

Yes 64�� 0.6 0.3 Radiation 
Protection No 146�� 0.6 0.3 

1.395�� 0.164 

Yes 64�� 0.5 0.2 
Exposure 

No 146�� 0.4 0.2 
0.962�� 0.337 

Yes 64�� 0.6 0.1 
Risk 

No 146�� 0.6 0.2 
0.285�� 0.776 

Yes 64�� 0.6 0.1 
Knowledge 

No 146�� 0.6 0.1��
0.329�� 0.742 

Yes 64�� 0.7 0.2 
Practices  

No 146�� 0.5 0.1 
4.904 0.000��
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The above table shows that there are no statistically significant differences between 

physicians' knowledge and using x-ray status (T = 0.329, Sign. = 0.742) and knowledge 

items. 

 

Note: The participating physicians who use x-ray have got a higher mean of scores (0.5) 

than those who not use have got 0.4. 

There is a clear difference between the mean of those who use x-ray and those who do not 

use regarding their practices. The difference is statistically significant by using t-test, 

where  the T value = 4.904 and the p-value is < 0.05. 

 

4.7 Correlation between IR Knowledge and IR Practices among Participating 

Physicians 

The two dependent variables in this study are knowledge and practices of  physicians 

regarding IR and its risk. To test if the dependent variables correlate with each other, 

Pearson's correlation coefficient was calculated as shown in table 4.17. 
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Table 4.17: IR Knowledge and IR practices 

 

  Knowledge percents  Practices percents  

Pearson Correlation 1 .177(*) 

Sig. (2-tailed) . .010 

Knowledge percents 

N 210 210 

Pearson Correlation .177(*) 1 

Sig. (2-tailed) .010 . 

Practices percents 

N 210 210 

 

* Correlation is significant at 0.05 levels. 

As shown in table 5.6, Pearson's correlation coefficient results between IR knowledge and 

practices indicate that there is a positive correlation between IR knowledge and IR 

practices among the participating physicians (r = 0.177). The correlation between IR 

knowledge and IR practices reached a highly statistically significant level (p-value = 0.01), 

which means that physicians with higher knowledge are significantly more likely to have 

higher IR practices. 
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Chapter 5 

Conclusion and Recommendations 

5.1 Conclusion 

This study was conducted to measure the level of knowledge and practices of the 

physicians regarding IR risks in three governmental hospitals in Gaza Strip. About 210 of 

the physicians participated in this study from different departments and specialties except 

radiology.  

 

The participating physicians' knowledge level was relatively low according to their 

response to the knowledge items, where less than 56% achieved the mean of scores and 

less than one sixth of them achieved a high level of knowledge. The practice of the 

physicians regarding IR risks is higher than their knowledge, but also is still considered as 

relatively low. Less than 58% of them achieved the mean of scores and about one forth of 

achieved a high level of practices.   

 

The participant physicians ages were less than 35 years age group with a percent of 42%. 

This age group was the highest age group among them. The ages of participant physicians  

do not affect neither their knowledge nor their practices toward IR risks. 

 

The participant physicians has been working in three hospitals which they are Shifa 

,Nasser and EGH hospitals. The work place of physicians (hospital)  does not affect neither 

their  knowledge nor their practices toward IR risks. 
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Most of the participant physicians are with MBBH degree followed by Master degree. The 

education degree of participant physicians does not affect neither their knowledge nor their 

practices toward IR risks. 

 

Most of the participant physicians are specialist physicians with a percent of 51.4 followed 

by general physician with 39.% and the consultant physician were about 9%. Physicians 

specialty does not affect neither their knowledge nor their practices statistically. 

 

Participant physicians who work in surgery, internal medicine, pediatric and obstetrics 

departments do not differ neither in their knowledge nor their practices statistically. 

 

Most of the participant physicians had an experience years between 6 to 10 years with a 

percent of 37.4 %. The experience years do not affect neither their knowledge nor their 

practices statistically from those who had not. 

 

Participant physicians who had experience  in radiology department were about 16.7 and 

they do not differ  neither statistically in their knowledge nor  their practices toward IR 

risks from those who had not. The participants physicians who use x-ray in their medical 

interventions were about 30.5%. Using x-ray by physicians does not affect their knowledge 

but significantly affect their practices toward IR risks, so more care and attention should be 

taken by those who use x-ray. In spite of these statistically significant differences 44% of 

the physicians who use x-ray do not follow ALARA principle or they do not know it. 
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5.2 Recommendations 

Knowledge about IR risk is important to physicians in order to help them in making 

justification and to be able to communicate and to counsel the patients about it. This may 

decrease somewhat unnecessary examinations and encourage the physicians to be more 

positive in their practices toward IR examinations. According to the study findings the 

following recommendations are suggested. 

 Increasing the knowledge of physicians about medical IR risks through the 

dissemination of a booklet or a fact sheet about this issue. 

 Physicians who use x-ray should receive a radiation protection training in order 

to protect their patients and themselves. 

 Educating the physician about the benefits of risk assessment of medical IR 

examinations through attending radiology courses. 

 There is a necessity to put a clear protocol for requesting an IR imaging and this 

protocol should be disseminated among physicians. 

 Supervision should be practiced to make to assure that physicians adhere to and 

comply with these protocols. 

 Encourage the physicians to communicate with radiologist and to counsel their 

patients.  

 There is a necessity to put a strategy for requesting a high dose diagnostic 

imaging by forming committees in the hospitals to eliminate unnecessary 

examinations. 

 Universities should take care for IR issues and reinforce their curricula about 

radiology and radiation protection. 
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Further recommended researches: 

 Studying the knowledge and practices of physicians across governmental and 

private hospitals on all Gaza governorates for the results to be more 

representative and hence can be generalized. 

 Studying the attitude of physicians about IR risks. 

 Similar studies should be done on the dentists.  

 Qualitative researches are recommended to assess the weakness points of 

physicians' knowledge and practices about IR risks. 
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Annex(2) 

Sample Size Calculator 

Sample Size Calculator Terms: Confidence Interval & Confidence Level 

The confidence interval is the plus-or-minus figure usually reported in newspaper or 
television opinion poll results. For example, if you use a confidence interval of 4 and 47% 
percent of your sample picks an answer you can be "sure" that if you had asked the 
question of the entire relevant population between 43% (47-4) and 51% (47+4) would have 
picked that answer. 

The confidence level tells you how sure you can be. It is expressed as a percentage and 
represents how often the true percentage of the population who would pick an answer lies 
within the confidence interval. The 95% confidence level means you can be 95% certain; 
the 99% confidence level means you can be 99% certain. Most researchers use the 95% 
confidence level. 

When you put the confidence level and the confidence interval together, you can say that 
you are 95% sure that the true percentage of the population is between 43% and 51%. The 
wider the confidence interval you are willing to accept, the more certain you can be that 
the whole population answers would be within that range. 

For example, if you asked a sample of 1000 people in a city which brand of cola they 
preferred, and 60% said Brand A, you can be very certain that between 40 and 80% of all 
the people in the city actually do prefer that brand, but you cannot be so sure that between 
59 and 61% of the people in the city prefer the brand. 

 

Determine Sample Size  

 
Confidence Level: 95% 99% 

Confidence Interval: 5
 

Population: 766
 

  

            

  

Sample size needed: 256
  

  http://www.surveysystem.com/sscalc.htm 
 

 
 

http://www.surveysystem.com/sscalc.htm


 ��

Annex (3) 

 



 ��

 
Annex (4) 
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��

�������������ΔѧϤϴϘϟ΍�ϢϜΘϛέΎθѧϤϟ�ϊѧϠτΗ΃�ϭ�Δϴ΋΍Ϯθѧόϟ΍�ΔѧϘϳήτϟΎΑ�Δѧγ΍έΪϟ΍�ϩάѧϫ�ϲѧϓ�ϙέΎθѧϤϛ�ϙέΎϴΘΧ΍�ϢΗ�ΪϘϟ

����Ϥϟ΍�Δγ΍έΪϟ΍�ϩάϫ�ΡΎΠϧ·�ϲϓϤ���ςϘϓ�ΚΣΎΒϟ΍�Ϧϣ�ΔϟϮˬ��Θϳ�Ϧϟϭ��������Ϧѧϣ�ήѧΜϛ΃�ΎѧϬϴϓ�ϢϜΘϛέΎθϣ�ϰϠϋ�ΐΗή

ΖϗϮϟ΍ΔϠΑΎϘϤϟ΍�ϡΎϤΗϹ�ϡίϼϟ΍����

��

����Ϛϟάѧѧϟ�ΖѧϗϮϟ΍�ϕήϐΘδѧѧϴγϭ�ϥΎϴΒΘѧѧγ΍�ϝϼѧΧ�Ϧѧѧϣ�ΕΎѧϧΎϴΒϟ΍�ϊѧѧϤΟ�ϢΘϴѧγ��������ϥ΄ѧѧΑ�ΎѧѧϤϠϋ�ˬΔѧϘϴϗΩ�

�����ςѧѧϘϓ�ϲѧѧϤϠόϟ΍�ΚѧѧΤΒϟ΍�ν΍ήѧѧϏϷ�ϲѧѧϫ�ΎѧѧϬόϤΟ�ϢΘϴѧѧγ�ϲѧѧΘϟ΍�ΕΎѧѧϣϮϠόϤϟ΍�ˬ��Δϳήѧѧγ�ϡ΍ήѧѧΘΣ΍�ϢΘϴѧѧγϭ

ΕΎϣϮϠόϤϟ΍���

��

Δγ΍έΪϟ΍�ϩάϫ�ϲϓ�ΔϛέΎθϤϟ΍ΔϳέΎϴΘΧ΍�Ϥϛ�ϥΎϴΒΘγϻ΍�΍άϫ�ϲϓ�ϙέΎθϤϟ΍�Ϣγ΍�ΐΘϜϳ�Ϧϟ�Ϫϧ΃�Ύ���

��

ΔψΣϼϣ��Δγ΍έΪϟ΍�˯΍ήΟϹ�ΔϴϨόϤϟ΍�ΕΎϬΠϟ΍�Ϧϣ�ΔϘϓ΍ϮϤϟ΍�ϰϠϋ�ΔΜΣΎΒϟ΍�ΖϠμΣ���

��

��

ϢϜϧϭΎόΗ�ϦδΤϟ�΍ήϜη��

��

��

ΔΜΣΎΒϟ΍��ϞτγϷ΍�Ϣϴϫ΍ήΑ·�Ϫϴϧ΍έ��
��

�έΎδϔΘγϼϟ






��� 
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Annex (6) 
��

Questionnaire form 
 

Serial Number:  

The following questions about sociodemogrphic and work related  
1. Age in years ����� 
2. Sex    ◊ Male   ◊ Female 
3. Place of residency (governorate)  

a-North Gaza  
b-Gaza 
c-Midzone 
d-Khanyounis 
e-Rafah 

4. Name of hospital you work in 
a) Eurapean Gaza Hospital 
b) Naser Hospital (Khanyounis) 
c) Shifa Hospital 

5. Academic qualification 
 

a) MBBCH  
b) Postgraduate diploma             
c) Master 
d) PhD 
e) Others, specify���������.. 

 
6. You are :  

 
a. Consultant 
b. Specialist 
c. General physician 

 

     7. Years of experience: ������������������� 
 

8.  Have you ever had any experience in the radiology department?  
  

◊ Yes   ◊ No 
 
If yes, how long have you been and when? 



 ��

����������������. 
�����������������. 
9. Name of main department you work in 

a. Surgery, specify����� 
b. Internal medicine, specify��.. 
c.  Obestrician,��� 
d. Pediatric, specify�����. 

Others, specify���������.. 
 
 

10. Have you ever received any lecture or course on ionizing radiation? 
   

                 ◊ Yes   ◊ No 
 

If yes, please specify according to the table below  
 
Courses Length Organization Date 
    
    
    
 

 

 

 

 

 

 

 

 

 

 

 

 



 ��

 

 
o The following questions is put to realize how your knowledge about ionizing 

radiation and the risk of it. 
o Please, answer yes/no or I don�t know 

 
 
 
 

 
 
Question 

 
 
Yes 

 
 
No 

 
 
I do 
not 
know 

1 Ionization is removal of electrons from the atom  
 

   

2 X-ray is a stream of electrons with high energy 
 

   

3  Ionizing radiation sources are mainly man-made    
4 Radon gas is a natural ionizing radiation source 

 
   

5 
 

Gamma rays and Beta particles considered as ionizing 
radiation 

   

6 Patient's physician plays a role in determining radiation dose 
to patients  
 

   

7 The application of the first radiation protection principle 
(known as Justification Principle) is the responsibility of  
treating  physician 

   

8 The highest percentage contribution of radiation exposure to 
the population from man-made sources is from diagnostic x-
ray procedure 
 

   

9 Most of plain films have lower patient doses than fluoroscopy 
examinations. 
 

   

10 Barium enema examinations have lower patient doses than 
Brain C.T.  

   

11 All C.T examinations have lower patient doses than diagnostic 
nuclear medicine investigations. 
 

   

12 Cardiovascular diseases may be induced after an exposure to 
high therapeutic doses of ionizing radiation 
 

 
 
 
 

  



 ��

  Yes No I do 
not 
know 

13 Skin injuries may be induced as a result of exposure to 
prolonged interventional  fluoroscopy examination (cardiac 
catheter ablation, percutaneous trans hepatic cholangiography 
 

   

14 Teratogenic effects  need a certain level of ionizing radiation 
below which does not occur 
 

   

15 Skin injuries may be induced post exposure to C.T 
examination 
 

   

16 Exposure to ionizing radiation from diagnostic x-ray 
procedures has the probability to induce genetic effects. 
 

   

17 Fertility impairment need a certain level of ionizing radiation 
below which does not occur 
 

   

18 At the same age, male and female patients are at the same 
degree of risk when exposed to ionizing radiation 
 

   

19 Nerve cells are more radiosensitive to ionizing radiation than 
bone marrow 
 

   

20 Thyroid gland is more radiosensitive to radiation than the 
kidney 
 

   

21 The risk for radiation is the same for all ages. 
 

   

22 Exposure to radiation- such as radiotherapy- may lead to 
erythryma and hair loss 
 

   

23 Exposing patients to medical diagnostic imaging tests (using 
ionizing radiation) increases lifetime risk of cancer 
 

   

24 Exposing patients to medical diagnostic imaging tests (orbit 
C.T) increases the probability of inducing cataract 
 

   

25 Exposure to one medical diagnostic imaging tests has the 
same probability of risk as being exposed to two tests 
separated by some time 
 

   



 ��

26 Cataract may be induced as a result of radiotherapy exposure 
 

   

27 The risk of malformation associated with abdominal 
radiography(abdomen x-ray) during organogenesis stage of 
pregnancy is higher than natural risk of malformation 
 

   

28 MRI works by a low energy of ionizing radiation. 
 

   

29 Exposing a pregnant woman to medical diagnostic ionizing 
radiation increases the risk of childhood cancer to her fetus 
 

   

30 Do you know the dose in chest x-ray Equivalent of abdomen 
C.T.? 

   

 
  

     The following questions about your actual practices when you 
request an ionizing radiation exam or when you use it.��

 

1. Do you use x-ray in your interventional practices? 
 
◊ Yes    ◊ No 

 
2. If yes, do you follow ALARA principle? 

   
◊ Yes    ◊ No  ◊ Ido not know the   principle                    

  
  
ALARA = As Low as Reasonable achievable 
 

 
3. Do you have any protocols for requesting ionizing radiation examinations? 

 
◊ Yes    ◊ No 
 

4. If yes, do you follow these protocols in requesting ionizing radiation examinations? 
 

◊ Yes    ◊ No 
 

 

 



 ��

 Question Yes 
mostly 

Yes 
sometimes 

No 

1 Do you follow a certain criterion in requesting 
multiple radiological examinations?  
For example degradation 
 

   

2 Do you ask patients about previous exposures to 
ionizing radiation?  
(How many and when) 
 

   

3 Do you see the result of the previous radiological 
examinations before requesting another one? 
 

   

4 Do you record a diagnosis and patient history on the 
ionizing radiation requests? 
 

   

5 If you request an x-ray examination or C.T for women 

in reproductive age, do you ask her about pregnancy? 

   

6 Do you take into account a ten day role  
(Ten day after menstruation) when request a 
radiological examination? 
 

   

7 Do you make a consultation regarding the doses 
received by patients? 
 

   

8 Do you consult with a radiologist to know the most 
effective radiological procedure regarding the clinical 
case of your patient? 
 

   

9 Do you consult with a radiologist or a radiographer 
about exposure risk? 
 

   

10 Do you counsel the patients regarding the risks and 
benefits of ionizing radiation examination? 
 

   



 ���

11 Do you record radiological examination on patients 
file and the result of it? 
 

   

12 Do you request chest x-ray as routine for inpatients? 
 

   

13 Do you request x-ray examinations as patient desire 

for psychological purposes? 

   

14 If you need a biopsy procedure, do you request it 

under C.T.? 

   

15 In case of patient pregnancy, do you notify about her 

pregnancy on the patient request? 

   

16 Do you delay a radiological examination for a 

pregnant woman (pelvis and abdomen x-ray)? 

   

17 Do you request C.T. examinations just for doing 

something to the patients? 

   

 

 

 

 

 

 

 

 

 

 



 ���

Annex(7) 
 
 

αΪϘϟ΍�ΔόϣΎΟ��

ΔϣΎόϟ΍�ΔΤμϟ΍�ΔϴϠϛ��

˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰��

��

ϞδϠδΘϟ΍�Ϣϗέ����������������

ϓ΍ήϏϮϤϳΩ�ΕΎϧΎϴΑ�ϊϤΠϟ�ΔϴϟΎΘϟ΍�ΔϠΌγϻ΍ϞϤόϟΎΑ�ϖϠόΘΗ�ϯήΧ΍ϭ�Δϴ��

��

��
���������������Ε΍ϮϨδϟΎΑ�ήϤόϟ΍��������������

��

���βϨΠϟ΍���

o �ήϛΫ 
o ϰΜϧ΃��

���ΔϣΎϗϹ΍�ϥΎϜϣ����

o ΓΰϏ�ϝΎϤη��

o ΓΰϏ��

o ϰτγϮϟ΍�Ε΍ήϜδόϤϟ΍��

o βϧϮϳ�ϥΎΧ��

o ΢ϓέ��

���ΎϬΑ�ϞϤόΗ�ϲΘϟ΍�ϰϔθΘδϤϟ΍�Ϣγ΍���

o ϲΒτϟ΍�˯Ύϔθϟ΍�ϊϤΠϣ��

o ϲΒτϟ΍�ήλΎϧ�ϊϤΠϣ��

o ϲΑϭέϭϷ΍�ΓΰϏ�ϰϔθΘδϣ��

���ϲϤϠόϟ΍�ϞϫΆϤϟ΍���

o ϮϟΎϜΑαϮϳέ��

o ϡΎϋ�ϡϮϠΑΩ��

o ήϴΘδΟΎϣ��

o ϩ΍έϮΘϛΩ��

o �ΩΪΣ�ˬ�ϯήΧ΃�����������������������

���ΐϴΒσ�Ζϧ΃�Ϟϫ���

o �ϱέΎθΘγ΍��

o �ϲλΎμΘΧ΍ 
o ϡΎϋ��

���Ε΍ϮϨδϟΎΑ�ΓήΒΨϟ΍��������������������������������

��

���ˮ�ΔόηϷ΍�Ϣδϗ�ϲϓ�ΔϴϠϤϋ�ΓήΒΧ�ϚϳΪϟ�Ϟϫ��

◊�������������������Ϣόϧ◊ϻ���

��

Ϊϣ�Ϣϛϭ�ϰΘϣ�άϨϣ�ˬϢόϨΑ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·ˮΓήΒΨϟ΍�Γ��

����������������������������������������������������������������������

�����������������������������������������������������������������������

�����������������������������������������������������������������������

��

��

 



 ���

���ϪΑ�ϞϤόΗ�ϱάϟ΍�ϢδϘϟ΍�Ϣγ΍��

o Σ�ˬΔΣ΍ήΟΪΩ���������������������

o ΩΪΣ�ˬ�ΔϨσΎΑ��������������������

o ΪΣ�ˬ�ϝΎϔσ΃Ω��������������������� 
o ϝΎϔσ΍�ΔΣ΍ήΟ��

o ΪΣ�ˬ�ΓΩϻϭΩ�������������������� 
o ΩΪΣ�ˬ�ϯήΧ΃��������������������� 

��

��

�����ˮ�ΔϨϳΆϤϟ΍�ΔόηϷ΍�ϝϮΣ�ΓέϭΩ�ΖϴϘϠΗ�Ϟϫ��

���

����������◊����������������������������Ϣόϧ��◊ϻ�������

��

�ϲϟΎΘϟ΍�ϝϭΪΠϟ΍�ΐδΣ�ΪϳΪΤΘϟ΍�ϮΟέ΃�ϢόϨΑ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·���

��

ΓέϭΪϟ΍�Ϣγ΍��ΓΪϤϟ΍��ΔϤψϨϤϟ΍�ΔϬΠϟ΍��ΦϳέΎΘϟ΍��

��������

��������

��������

��

��

��

o ΎϫέΎτΧ΃ϭ�ΔϨϳΆϤϟ΍�ΔόηϷΎΑ�ϢϜΘϓήόϣ�ϯΪϣ�ϝϮΣ�ϑήόΘϠϟ�Ζόοϭ�ΔϴϟΎΘϟ΍�ΔϠΌγϷ΍���

o ήϋ΃�ϻ�ϭ΃�ϻ�ϭ΃�ϢόϨΑ�ΐΟ΃�ϚϠπϓ�Ϧϣ�Ώ΍Ϯμϟ΍ϭ�΄τΨϟ΍�ϞϤΘΤΗ�ΔϴϟΎΘϟ΍�Ε΍έΎΒόϟ΍ϑ���
 

��ϝ΍Άδϟ΍���Ϣόϧ���ϻ���ϻ

ϑήϋ΍��
���Γέάϟ΍�Ϧϣ�ΕΎϧϭήΘϜϟ΍�ωΰϧ�Ϯϫ�Ϧϳ΄Θϟ΍��

��

������

����ΔϴϨϴδϟ΍�ΔόηϷ΍��(X-rayΔϴϟΎϋ�ΔϗΎσ�Ε΍Ϋ�ΕΎϧϭήΘϜϟϻ΍�Ϧϣ��ωΎόη�ϲϫ���

 
������

����ϥΎδϧϻ΍�ϊϨλ�Ϧϣ�ϲϫ�ϲγΎγ΃�ϞϜθΑ�ΔϨϳΆϤϟ΍�ΔόηϷ΍�έΩΎμϣ��

��

������

���ΔϨϳΆϤϟ΍�Δόηϸϟ�ϲόϴΒσ�έΪμϣ�Ϯϫ�ϥϭΩ΍ήϟ΍�ίΎϏ��

��

������

���ϣΎΟ�Δόη΃�Ύ�Gamma ray���ΎΘϴΑ�ΕΎΌϳΰΟϭBeta particlesΔϨϳΆϤϟ΍�ΔόηϷ΍�Ϧϣ�ϥ΍ήΒΘόΗ���

��

������

���ξϳήϤϟ΍�ΔϟΎΣ�Ϧϋ�ΔϠϣΎϜϟ΍�ΔϴΒτϟ΍�ΕΎϣϮϠόϤϟ΍�˯Ύτϋ·�Ϯϫ�ΔόηϷ΍�Ϧϣ�ΔϳΎϗϮϟ΍�ϲϓ�ΞϟΎόϤϟ΍�ΐϴΒτϟ΍�έϭΩ��

��

������

����ήϳήΒΘϟ΍�΃ΪΒϤΑ�ϑϭήόϤϟ΍�ΔόηϷ΍�Ϧϣ�ΔϳΎϗϮϟ΍�ϲϓ�ϝϭϷ΍�΃ΪΒϤϟ΍�ϖϴΒτΗ��Justification principle���

ΞϟΎόϤϟ΍�ΐϴΒτϟ΍�ΔϴϟϮΌδϣ�Ϯϫ��

��

������

����ΕΎλϮΤϔϟ΍�Ϧϋ�ΔΠΗΎϧ�ϲϫ�ϥΎδϧϻ΍�ϊϨλ�Ϧϣ�Δόηϸϟ�ϥΎϜδϟ΍�νήόΗ�ϲϓ�ΔϤϫΎδϤϟ΍�ϰϠϋϷ΍�ΔΒδϨϟ΍

ϴϋΎόηϹ΍�ΔϴμϴΨθΘϟ΍Δ���diagnostic x-ray procedures���

������



 ���

����ϢψόϣPlains films�ΕΎλϮΤϓ�Ϧϣ�Ϟϗ΍�ΔϴϋΎόη·�ΔϋήΠϟ�ξϳήϤϟ΍�νήόΗ�fluoroscopy��������

����κΤϓ�Barium enema�Ϧϣ�Ϟϗ΍�ΔϴϋΎόη·�ΔϋήΠϟ�ξϳήϤϟ΍�νήόϳ�Brain C.T. ������

�����ΕΎλϮΤϓ�ϞϛC.T.�ϲϓ�ΔϣΪΨΘδϤϟ΍�ΔϋήΠϟ΍�Ϧϣ�Ϟϗ΍�ΔϴϋΎόη·�ΔϋήΟ�ϲτόΗ�ΔϴότϘϤϟ΍�ΔόηϷ΍�

ϴμϴΨθΘϟ΍�ϱϭϮϨϟ΍�ΐτϟ΍�ΕΎλϮΤϓΔ��

������

����Cardiovascular diseases �Ϧϣ�ΔΠϟΎόϣ�ΔϴϟΎϋ�ΔϋήΠϟ�νήόΘϟ΍�ΪόΑ�ΙΪΤΗ�ϥ΍�ϞϤΘΤϤϟ΍�Ϧϣ�

Ϸ΍ΔϨϳΆϤϟ΍�Δόη��

��

��

��

������

��

��

����

��

��

��

ϮτϤϟ΍�νήόΘϟ΍�ΪόΑ�ΙΪΤΗ�ϥ΍�ϞϤΘΤϤϟ΍�Ϧϣ�ΪϠΠϟ΍�ΕΎΑΎλ·ϝΖΤΗ���

Interventional fluoroscopy ��

(Like cardiac catheter ablation, percutaneous trans hepatic 
cholangiography) 

������

����Teratogenic effectsϤϟ΍�Δόηϻ΍�Ϧϣ�Ϧϴόϣ�ϯϮΘδϤϟ��νήόΘϟ΍�ΪϨϋ�ΙΪΤΗ��ϪϧϭΩ�ΙΪΤΗϻ�ΔϨϳΆ��������

�����ΔϴότϘϤϟ΍�ΔόηϷ΍�κΤϔϟ�νήόΘϟ΍�ΪόΑ�ΙΪΤΗ�ϥ΍�ϞϤΘΤϤϟ΍�Ϧϣ�ΔϳΪϠΠϟ΍�ΕΎΑΎλϹ΍ 
C.T.  

������

����ϴμϴΨθΘϟ΍�ΕΎλϮΤϔϟ΍�ϞΜϣ�ΔϨϳΆϤϟ΍�Δόηϸϟ�νήόΘϟ΍ΔΔϴϨϴδϟ΍�ΔόηϷΎΑ�(X-ray)�ξϳήϤϟ΍�νήόΗ�

�ΔϴϨϴΟ�Ε΍ήϴϐΗ�ΙϭΪΣ�ϝΎϤΘΣϻ��

������

����δϣ�ϰϟ·�ΝΎΘΤϳ�ΔόηϷ΍�Ϧϋ�ΞΗΎϨϟ΍�ϢϘόϟ΍�ϝϮλϮϟ΍�ϥϭΩ�ΙΪΤϳ�ϻ�ΔϴϋΎόηϹ΍�ΔϋήΠϟ΍�Ϧϣ�Ϧϴόϣ�ϯϮΘ

Ϫϴϟ·��

������

�����Δόηϸϟ�νήόΘϟ΍�Ϧϋ�ΔΠΗΎϨϟ΍�ΓέϮτΨϟ΍�Ϧϣ�ΔΟέΪϟ΍�βϔϧ�ϰϠϋ�Ϣϫ�ήϤόϟ΍�βϔϧ�ϲϓ�έϮϛάϟ΍ϭ�ΙΎϧϹ΍

ΔϨϳΆϤϟ΍��

������

����ΔϴΒμόϟ΍�ΎϳϼΨϟ΍(Nerve cells)�Δόηϸϟ�ΔϴγΎδΣ�ήΜϛ΃�ϲϫ�radiosensitive)���ωΎΨϨϟ΍�ΎϳϼΧ�Ϧϣ

����ϲϤψόϟ΍�Bone marrow���

��

������

����ΔϴϗέΪϟ΍�ΓΪϐϟ΍(Thyroid gland )ϰϠϜϟ΍�Ϧϣ�Δόηϸϟ�ΔϴγΎδΣ�ήΜϛ΃�ϲϫ���

��

������

����έΎϤϋϷ΍�ϊϴϤΠϟ�Ϫδϔϧ�Ϯϫ�ΔόηϷ΍�ήτΧ��

��

������

�����έ΍ήϤΣ΍�ΙϭΪΣϭ�ήόθϟ΍�ϥ΍ΪϘϓ�ϰϟ·�ϱΩΆΗ�Ϊϗ�ΔόηϷΎΑ�Νϼόϟ΍�ϲϓ�ϚϠΘϛ�ΔϴϋΎόη·�ΕΎϋήΠϟ�νήόΘϟ΍

ΪϠΠϟΎΑ��(erythryma and hair loss 
������

����ϟ΍�νήόΗϥΎσήδϟΎΑ�ΔΑΎλϹ΍�ϝΎϤΘΣ΍�Ϧϣ�Ϊϳΰϳ��ΔϴμϴΨθΗ�ΔϴϋΎόη·�ΔϴΒσ�ΕΎλϮΤϔϟ�ξϳήϤ��������

����ΔϴότϘϣ�ΔϴϋΎόη·�ΔϴμϴΨθΗ�ΕΎλϮΤϔϟ�ξϳήϤϟ΍�νήόΗ��Orbit C.T.���ΙϭΪΣ�ϝΎϤΘΣ΍�Ϧϣ�Ϊϳΰϳ

�ΩΎδϟ΍Cataract 
������

�����ϪοήόΗ�Ϧϋ�ΔΠΗΎϨϟ΍�ΓέϮτΨϟ΍�Ϧϣ�ΔΟέΪϟ΍�βϔϨϟ�Ϫοήόϳ�ΓΪΣ΍ϭ�ΔϴϋΎόη·�ΓέϮμϟ�ξϳήϤϟ΍�νήόΗ

ϴΗέϮμϟΖϗϮϟ΍�ξόΑ�ΎϤϬϨϴΑ�Ϟμϔϳ�ϦϴΘϴϋΎόη·�Ϧ��

������



 ���

����CataractΔόηϷΎΑ�ΝϼόϠϟ�ΔΠϴΘϧ�ΙΪΤΗ�Ϊϗ�ΩΎδϟ΍���������

����ϦτΒϠϟ�ΓέϮλ�Ϧϋ�ΞΗΎϨϟ΍�ϲϘϠΨϟ΍�ϩϮθΘϟ΍�ήτΧ�abdomen x-ray����˯ΎπϋϷ΍�ϖϴϠΨΗ�ΔϠΣήϣ�ϲϓ

ϲϘϠΨϟ΍�ϩϮθΘϠϟ�ϲόϴΒτϟ΍�ήτΨϟ΍�Ϧϣ�ϰϠϋ΃�Ϯϫ��

������

����MRIόη΄Α�ϞϤόϳ�ϲδϴσΎϨϐϤϟ΍�ϦϴϧήϟΎΑ�ήϳϮμΘϟ΍�ΔϠϴϠϗ�ΔϗΎσ�Ε΍Ϋ�ΔϨϳΆϣ�Δ��

��

��

��

��

��

��

��

�����ήτΧ�ΓΩΎϳΰϟ�ΎϬϨϴϨΟ�νήόϳ�ˬΔϴΒτϟ΍�ΔϴϋΎόηϹ΍�ΔϴμϴΨθΘϟ΍�ΕΎλϮΤϔϠϟ�ϞϣΎΤϟ΍�Γ΃ήϤϟ΍�νήόΗ

ΔϟϮϔτϟ΍�ΔϠΣήϣ�ϲϓ�ϥΎσήδϟΎΑ�ΔΑΎλϹ΍��

������

�����ϲϓ�ξϳήϤϟ΍�ΎϬϟ�νήόΘϳ�ϲΘϟ΍�ΔόηϷ΍�ΔϋήΟ�ϑήόΗ�ϞϫBrain C.T. �ΓέϮλ�ΔϋήΠΑ�ΔϧέΎϘϣ�

έΪμϟ΍��

������

 

 

ϴϟΎΘϟ΍�ΔϠΌγϷ΍ΔϙΎοήϤϟ�ΔϨϳΆϣ�Δόη΃�κΤϓ�ΐϠσ�ΪϨϋ�ΔϴϠόϔϟ΍�ϚΘγέΎϤϣ�ϝϮΣ�����

��

 

 

��

�� �ΔόηϷ΍�ϡΪΨΘδΗ�Ϟϫ X-ray �ϲϓInterventional practicesˮ��

���

◊�Ϣόϧ��� �� �� �  ◊ϻ��
��

����΃ΪΒϣ�ϊΒΘΗ�Ϟϫ�ˬϢόϨΑ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·ALARAˮ��

��

◊�Ϣόϧ��� �� �� �  ◊����������������������������ϻ◊ϓήϋ΍�ϻ���Ϫ���

ALARA = As Low as Reasonable achievable 
 

���ϻϮϛϮΗϭήΑ�ϢϜϳΪϟ�ϞϫΕ�ˮϲϋΎόηϹ΍�κΤϔϟ΍�ΐϠσ�ιϮμΨΑ��

◊�Ϣόϧ�� �� �� �  ◊ϻ��
��

���ϻϮϛϮΗϭήΒϟ΍�ϩάϫ�ϊΒΘΗ�Ϟϫ�ϢόϨΑ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·ΕˮΔόηϷ΍�κΤϓ�ΐϠσ�ΪϨϋ���

◊�Ϣόϧ�� �� �� �  ◊ϻ��
��

 

 

 

 

 



 ���

 

 

 

 

 
 
 

��ϝ΍Άδϟ΍���Ϣόϧ

ΎΒϟΎϏ��

Ϣόϧ��

�ΎϧΎϴΣ΃��

ϻ��

1��ˮΔϴϋΎόη·�ΕΎλϮΤϓ�ΓΪϋ�ΐϠσ�ΪϨϋ�Ϧϴόϣ�έΎϴόϣ�ϊΒΘΗ�ϞϫΎϬΒϠσ�ΪϨϋ�ΝέΪΘϟ΍�ϼΜϣ���

��

������

2��ΎϫΩΪϋ�Ϣϛϭ�ϰΘϣ�ˮΔϘΑΎδϟ΍�ΔϴϋΎόηϹ΍�ΕΎλϮΤϔϟ΍�Ϧϋ�Ϛπϳήϣ�ϝ΄δΗ�Ϟϫ��

��

������

3��ˮΪϳΪΟ�κΤϓ�ΐϠσ�ϞΒϗ�ΔϘΑΎδϟ΍�ΔϴϋΎόηϹ΍�ΕΎλϮΤϔϟ΍�ΔΠϴΘϧ�ϯήΗ�Ϟϫ����

��

��

��

��

��

��

���ˮΔόηϷ΍�κΤϓ�ΐϠσ�ϰϠϋ�ϲοήϤϟ΍�ΦϳέΎΘϟ΍ϭ�ϲ΋ΪΒϤϟ΍�κϴΨθΘϟ΍�ϞϴΠδΘΑ�ϡϮϘΗ�Ϟϫ��

��

������

����κΤϓ�ΐϠσ�ΪϨϋx-ray��ϭ΃C.T.ˮϞϤΤϟ΍�Ϧϋ�ΎϬϟ΍ΆδΑ�ϡϮϘΗ�Ϟϫ�ϲΑΎΠϧϹ΍�ήϤόϟ΍�ϲϓ�Γ΃ήϣϻ���

��

������

����κΤϓ�ΐϠσ�ΪϨϋ�ΓέϭΪϟ΍�Δϳ΍ΪΑ�Ϧϣ�ΔϨϣϵ΍�ϡΎϳ΃�Γήθόϟ΍�ΓΪϋΎϗ�έΎΒΘϋϻ΍�ϦϴόΑ�άΧ΄Η�Ϟϫ

ˮΏΎΠϧϹ΍�ήϤϋ�ϲϓ�Γ΃ήϣϻ�ϲϋΎόη·��

������

���ˮξϳήϤϟ΍�ΎϫΎϘϠΘϳ�ϲΘϟ΍�ΔϴϋΎόηϹ΍�ΔϋήΠϟ΍�ϝϮΣ�Ε΍έΎθΘγ΍�ϞϤόΑ�ϡϮϘΗ�Ϟϫ��

��

������

� 
 
 
��

ϘΗ�Ϟϫ�ΔϴϜϴϨϴϠϛϹ΍�ΔϟΎΤϠϟ�ϞΜϣϷ΍�ϲϋΎόηϹ΍�κΤϔϟ΍�ΔϓήόϤϟ�ΔόηϷ΍�ΐϴΒσ�ΓέΎθΘγΎΑ�ϡϮ

ˮϚπϳήϤϟ��

������

���ˮΔόηϸϟ�νήόΘϟ΍�έΎτΧ΃�ϝϮΣ�ΔόηϷ΍�ϲϨϓ�ϭ΍�ΔόηϷ΍�ΐϴΒσ�ΓέΎθΘγΎΑ�ϡϮϘΗ�Ϟϫ��

��

������

�����νήόΘϟ΍�Ϧϋ�ΔΠΗΎϨϟ΍�έ΍ήοϷ΍ϭ�ΔόηϷ΍�ΕΎλϮΤϓ�Ϧϣ�Ϊ΋΍Ϯϔϟ΍�ϚπϳήϤϟ�΢οϮΗ�Ϟϫ

ˮΔϨϳΆϤϟ΍�Δόηϸϟ��

������

����Η�ϞϫˮξϳήϤϟ΍�ϒϠϣ�ϰϠϋ�ϪΘΠϴΘϧϭ�ϪϋϮϧϭ�ϲϋΎόηϹ΍�κΤϔϟ΍�Ϣγ΍�ϞϴΠδΘΑ�ϡϮϘ��

��

������

�����έΪμϟ΍�ΓέϮλ�ΐϠτΗ�Ϟϫchest rayˮϙΎοήϤϟ�ϦϴΗϭήϛ���

��

������

����ˮΔϴδϔϧ�ΏΎΒγϷ�ξϳήϤϟ΍�ΔΒϏήϟ�ΔΠϴΘϧ�ϲϋΎόη΍�κΤϓ�ΐϠτΑ�ϡϮϘΗ��

��

������

����ϞϤόϟ�ΖΠΘΣ΍�Ϯϟ�ΎϤϴϓ�ΔϋΰΧ��ΔϨϴϋ���ΖΤΗ�ΎϬΒϠτΗ�ϞϫC.T.ˮ��

��

������

����πϳήϤϟ΍�ΖϧΎϛ�΍Ϋ΍�ϞϣΎΣ�Δˬˮ�Δόηϻ΍�κΤϓ�ΐϠσ�ϰϠϋ�Ϛϟάϟ�ϪϳϮϨΘϟΎΑ�ϡϮϘΗ��

��

������

�����ϞϣΎΣ�Γ΃ήϣϻ�ϲϋΎόη·�κΤϓ�ϞϤϋ�ϞϴΟ΄ΘΑ�ϡϮϘΗ�Ϟϫ�abdomen and pelvis x-ray()ˮ��

��

������

����ˮξϳήϤϠϟ�Ύϣ�˯ϲη�ϞϤόϟ�ςϘϓ�ΔϴότϘϤϟ΍�ΔόηϷ΍�κΤϓ�ΐϠτΗ�Ϟϫ��

��

������
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Annex (8) 
 
 
 
 
 

��������ϟ΍�αΎѧϴϗ�Γ΍ΩϷ�ϦϴѧϤϜΤϤϟ΍�ΓΩΎδϟ΍�˯ΎϤγ΄Α�ΔϤ΋Ύϗ����������ΕΎϴϔθѧΘδϤϟΎΑ�˯ΎѧΒσϷ΍�ϯΪѧϟ�ΔѧγέΎϤϤϟ΍ϭ�ΔѧϓήόϤ

ΔϴϣϮϜΤϟ΍�ΓΰϏ�ΕΎψϓΎΤϣ����

��

��

���΃��αΎΒϋ�Ϣϴϫ΍ήΑ·��ϡΎόϟ΍�Γέ΍ΩϹΎΑ�ΔόηϷ΍�Γή΋΍Ω�ήϳΪϣ�ΐ΋Ύϧ���ϲϨϓ

Δόη΃��

���Ω��ΪϤΣ�ϮΑ΃�ϡΎδΑ��ΔϣΎόϟ΍�ΔΤμϟ΍�ΔϴϠϛ�Ξϣ΍ήΑ�ϡΎϋ�ϖδϨϣ���ϩ΍έϮΘϛΩ

ΔϴΤλ�Γέ΍Ω·��

���Ω��ϲϓΎλ�ϝΎϤΟ��ήϫίϷ΍�ΔόϣΎΠΑ�ήοΎΤϣ��ϡϮϤγ�ϢϠϋ�ϩ΍έϮΘϛΩ��

���Ω��ήϴΒη�ϞϴϤΟ��Δόη΃�ΐϴΒσ��

���΃��ΎϏϷ΍�ϲϣ΍έ��Α�ϲϨϓ�ήλΎϧ�ϰϔθΘδϤΑ�ΔόηϷ΍�ϢδϘ���ϲ΋Ύϳΰϴϓ

ϲΒσ��

���Ω��ΎϏϷ΍�ϲϣΎγ��ήϫίϷ΍�ΔόϣΎΠΑ�ήοΎΤϣ�Δόη΃�ΐϴΒσ��

���΃��ΐϴτΨϟ΍�ϲϠϋ���ϊϤΘΠϤϟ΍�ΔϴϠϜΑ�ήοΎΤϣ��ΔϣΎϋ�ΔΤλ��

���Ω���ήΒΟ�ϝΎϤϛ��Ύϔθϟ΍�ϰϔθΘδϤΑ�ΔόηϷ΍�Γή΋΍Ω�ήϳΪϣ˯���ΐϴΒσ

�Δόη΍��

���Ω���ϋ�ϰϴΤϳΪΑΎ��αΪϘϟ΍�ΔόϣΎΠΑ�ήοΎΤϣ��ΔΌΑϭ΃�ϢϠϋ�ϩ΍έϮΘϛΩ��
��
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ƇŒƍƈŶƃŒ���

ŖŨŹ�ŘœŲżœšƆŕ�ŗƒƆƍƂšƃŒ�ŘœƒŽŬřŪƆƃŒ�Ƒż�ŗƈƒŌƆƃŒ�ŗŶŬƕŒ�ŧŒŧŰŊ�¾ƍš�ŇœŕűƕŒ�ŘœŪŧœƆƆƍ�ŗżŧŶƆ���

ťŒťŵŒ���

�¿ųŬƛŔ�ƇƔƍŔũŗŔ�ƌƔƊŔũ��

ŻŒŧŬŒ���

ŧ�řƔſŰ�ƏŗŔ�ŽŬƏƔ��

ŭŤƄƆ���

��
�������ŘũƔŗƄ�řŷũŬŗ�ŖųƅŔ�Ɠž�řƊƔŎƈƅŔ�řŸŮƗŔ�ƇŔŧŦśŬŔ�ŧŔŧŪŔ����řƔŰƔŦŮśƅŔ�ŚƛŕŠƈƅŔ�Ɠž�řŰŕŦƏ����ŦƔ�ƛƏ�Ƒſ

ƑƆŷ���������řƔŰƔŦŮśƅŔ�řƔŷŕŸŮƙŔ�ŚŕŰƏţſƅŔ��ƌŗŸƆś�ƒŨƅŔ�ƇŕƎƅŔ�ũƏŧƅŔ�ŧţŌ���������Ɖ»ƈ�ũ»ƔŝƄ�ƑƆŷ�ŽũŸśƅŔ�Ɠž
űŔũƈƗŔ����ŕƎŰƔŦŮś�Ə���������ŽƏũŸƈ�Əƍ�ŕƈƄ�řƊƔŎƈƅŔ�řŸŮƗŔ�ƉƄƅƏũŗśŸś������ŧƁ�ƒŨƅŔ�řƊųũŬƈƅŔ�ŧŔƏƈƅŔ�Ɖƈ�
ŖŗŬśƔ�ŕƎƈŔŧŦśŬŔ�ŧƔŔŪś��ƓžŔ�ƉŕųũŬƅŔ�Śƛŕţ�ũŕŮśƊŔ�řŸŮƗŔ�Ɖŷ�řŠśŕƊƅ���

�������������ũųŦƅŔ�Ɖƈ�ũŗƄŌ�ŚŕŰƏţſƅŔ�ƋŨƍ�¿ŝƈ�Ɖƈ�ŘŧœŕſƅŔ�ƉƏƄś�ƉŌ�ŧŗ�ƛ�ŖųƅŔ�Ɠž���ŕ»ƎƊŷ�şśƊƔ��ƉŌ�¿ƈśţƈƅŔ���
��������������ƇƎƅ�řƔŷŕŸŮŏ�ŚŕŰƏţž�ƇƎŗƆųƅ�řŠƔśƊ�řŸŮƗŔ�ƋŨƍ�¿ŝƈƅ�ƑŲũƈƅŔ�űƔũŸś�Ɠž�ŔũƏŧ�ŉŕŗųƗŔ�ŖŸƆƔƏ��

�����������»ţ�ŉŕŗųƗŔ�Ɛŧƅ�ŚŕŬũŕƈƈƅŔ�řžũŸƈƅŔ�ƐƏśŬƈ�ƇƔƔƂśƅ�řŬŔũŧƅŔ�ƋŨƍ�ŚŉŕŠ�ƃƅŨƅ�����řŸ»ŮƗŔ�ũŔũ»ŲŌ�¿Ə
řŸŮƘƅ�ƑŲũƈƅŔ�űƔũŸś�Ɖŷ�řŠśŕƊƅŔ�ũŕųŦƗŔ�¿ƔƆƂś�ƓƅŕśƅŕŗƏ�ƇƎśŕŬũŕƈƈ�ƉƔŬţśƅ���

���������������řŬŔũŧƅŔ�ƋŨƍ�Ɠž�ƉƔƄũŕŮƈƅŔ�ŉŕŗųƗŔ�ŧŧŷ�źƆŗƏ�řƔŸųƂƈ�řƔƆƔƆţś�řƔſŰƏ�řŬŔũŧ�Ɠƍ�řŬŔũŧƅŔ�ƋŨƍ����
�������������řƔƈƏƄţ�ŚŕƔſŮśŬƈ�ŜƜŝ�Ɠž�řƔœŔƏŮŸƅŔ�řƔƂŗųƅŔ�řƔŗŬƊƅŔ�řƂƔũųƅŔ�ƀžƏ�ƇƍũŕƔśŦŔ�Ƈś�ŕŗƔŗų��ŘŪŻ�ŵŕųƂŗ

�����ŘŪżŗ�ŉŕſŮƅŔ�ƑſŮśŬƈ�ƓƍƏ��������ūƊƏƔƊŕŦ�ƓŗƏƊŠ�ƓŗƏũƏƗŔ�ŘŪŻ�ƑſŮśŬƈƏ�ūƊƏƔƊŕŦŗ�ũŰŕƊ�ƑſŮśŬƈ��
���������řŬŔũŧƅŔ�ƋŨƍ�ŉŔũŠŏ�ŉŕƊŝŌ�ũŕŗśŷƛŔ�ƉƔŸŗ�řƔƁƜŦƗŔ�ŚŔũŕŗśŷƛŔ�ŚŨŦŌ�ŧƁƏ�����¿ƜŦ�Ɖƈ�ŚŕƊŕƔŗƅŔ�ŚŸƈŠƏ

����������ŖŕŠśŬŔ�ŧƁƏ�ƉƔƄũŕŮƈƅŔ�ŉŕŗųƗŔ�ƑƆŷ�ŚŷŪƏ�řœŗŸśƅŔ�řƔśŔŨ�řƊŕŗśŬŔ�����ũŧƆƅ�ŕŗƔŗų�řŬŔ����ƉƏƄś�ƃƅŨŗƏ
�ƓƅŔƏţ�ŉŕŗųƗŔ�řŗŬƊ������

���������������řƊŕŗś»ŬƛŔ�řƆœŬŌ�¿Əţ�ƇƎśŕŗŕŠƙ�ŕƂžƏ�řŸŮƗŔ�ũŔũŲƗ�ŉŕŗųƗŔ�řžũŸƈ�ƐƏśŬƈ�ƉŌ�řŬŔũŧƅŔ�Ɖƈ�ƉƔŗśƏ
���ŕƔŗŬƊ�ŽƔŸŲ����Ɖƈ�¿ƁŔ���������������řžũŸƈƅŔ�Ɖƈ�¿ŕŷ�ƐƏśŬƈ�ŔƏƂƂţ�ƇƎƊƔŗ�Ɖƈ�ųƂž����ƇƎśŕ»Ŭũŕƈƈ�ŕƈŌ
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��������Ŭƈ�Ɖƈ�¿ƔƆƂŗ�ƑƆŷŌ�ŚƊŕƄž�řŸŮƗŔ�ũŔũŲŌ�Ɖƈ�¿ƔƆƂśƆƅ�������ŕƔŗŬƊ�řſƔŸŲ�ŕŲƔŌ�ũŗśŸś�ŕƎƊƄƅƏ�ƇƎśžũŸƈ�ƐƏś
�ƎśŕŗŕŠƙ�ŕƂžƏƇ�����řƊŕŗśŬƛŔ�řƆœŬŌ�ƑƆŷ����ƓƅŔƏţ�������������Ŗũŕ»ƂƔ�ŕ»ƈ�ƇƎƊƔŗ�Ɖƈ�ƀƂţƏ������ƐƏśŬ»ƈ

řŸŮƗŔ�ũŔũŲŌ�ƒŧŕſśƅ�¿ŕŷ�řŬũŕƈƈ����
���řƔũƈŸƅŔ�řœſƅŔ�ŚƊŕƄ�ŧƁƏ�����Ɖƈ�¿ƁŔ���řƊŬ����������řŗŬƊŗ�řŬŔũŧƅŔ�ƋŨƍ�Ɠž�ƉƔƄũŕŮƈƅŔ�ŉŕŗųƘƅ������ƓƍƏ

���ƑƆŷƗŔ�řŗŬƊƅŔ���ƐũŦƗŔ�řƔũƈŸƅŔ�ŚŕœſƅŔ�ƉƔŗ����������ŉŕ»ŗųƗŔ�řŬũŕƈƈƏ�řžũŸƈ�ƐƏśŬƈ�ƑƆŷ�ũƈŸƅŔ�ũŝŎƔ�ƇƅƏ
�řŸŮƗŔ�ũŔũŲŌ�¿Əţ���
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