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Abstract 

Medical applications of radiation represent the largest source of exposure to general 

population, accounting for 3.0 mSv against an estimated 2.4 mSv from a natural 

background in United States. The association of ionizing radiation an cancer risk is 

assumed to be continuous and graded over the entire range of exposure. The objective 

of this study is to evaluate the patient radiation doses in  radiology departments in 

Khartoum state. A total of 840 patients  ?  during two  in the following hospitals: 

Khartoum Teaching Hospital (260 patients), Fedail Specialized Hospital (261 

patients), National Ribat University hospital (189 patients) and Engaz hospital (130 

patients). Patient doses were measured for 9 procedures , the  Entrance Surface Air 

Kerma (ESAK) was quantified using  X-ray unit output by  Unfors Xi dose rate meter 

(Unfors Inc., Billdal, Sweden) and patient exposure parameters. The mean patient 

Age, Weight and Body Mass Index (BMI) were 42.6 year ,58.4 kg and  21.2  kg/m2, 

respectively. The mean patient doses, Kv and MAS and E.q was 0.35 mGy per 

procedures,59.9 volt ,19.8 Amper per second ,0.32 Sv .  Patient doses were 

comparable with previous studies. Patient radiation doses showed considerable 

differences between hospitals due to X.ray systems, exposure settings and patient 

weight.  Patients are exposed to  unnecessary radiation. 

 



  الملخص 

  

حيث  .االستخدام الطبي لالشعة السينية ھو من اكبر مصادر تعرض االنسان لالشعاع في الوقت الحاضر

الصابة خطر ا. ملي سيفرت للخلفية االشعاعية  2.4ملي سيفرت  بينما تبلغ  3تبلغ الجرعة المكافئة  

 شعاع بصورة مفرطة اولذلك يجب تجنب استخدام االلجرعات المذكورة ،ابالسرطان  يقع في مستوي 

    .بجرعات اعلي مما ھو مطلوب لعمل الفحص المحدد استخدامھا 

 التقلديه بواليه الخرطوم  جرعات المرضي اثناء فحوصات االشعة تقويم  لدراسه الى ت ھذه اھدف

قياس جمع البيانات عن طريق  تم ، حيث ) مركز االنقاذ الطبي بحري,جامعي الرباط ال,فضيل,الخرطوم(

، )مريض 260(التعليمي الخرطوم: ريض  في كل من المستشفيات االتيةم  840  لعدد  الجرعة السطحيه

تم  . )مريض 130(  ومركز االنقاذ بحري )مريض 189( ، الرباط الجامعي )مريض  261( فضيل

    .وعوامل التصوير للمرضي  تقدير جرعة االشعة للمرضي عن طريق خرج انبوب االشعة

سنه ومؤشر  42.2كجم و االعمار  85.4فحص وكان متوسط االوزان  9تم قياس الجرعة السطحية لعدد 

الجرعات وكانت قيم  .ملي غري  0.35كجم للمتر المربع و  كان متوسط الجرعة االشعاعية  21.2الكتلة 

  .الدراسات السابقةقيم  االشعاعية للمرضي متقاربة مع 

 شعاعية للمرضي بھذه المستشفيات حيث اساسية عن مستوي الجرعات االھذه الدراسة توفر معلومات  

يعزي ذلك الختالف االجھزة . لوحظ ان ھناك اختالف كبير بين قيم الجرعات االشعاعية للفحص الواحد

 برنامج ھذه الدراسة تؤكد علي اھمية . وطريقة الفحص باالضافة الي كفاءة تقني االشعة ووزن المريض 

ووضع مستويات  شفياتفعال في ھذه المستالجودة الضبط  االشعاع في التشخيص االشعاع والوقايه من 

  . مرجعيه لالشعاع 
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Chapter one: Introduction 

1.1 Introduction 

 In recent years, there has been increasing concern amongst patients and 

radiological workers that unnecessary high levels of radiation are being 

delivered for common X- ray examinations. The medical applications of 

ionizing radiation are accepted worldwide as being essential tools for protecting 

and improving human health. However, they also represent by far the largest 

manmade source of radiation exposure to the population .(Asuliman.k) 

After the discovery of radiation by Roentgen in 1895 the radiation pioneers 

drew attention to the fact that these X-ray were not only wonderful and useful in 

medicine but harmful too. However it took some 30 years before radiation 

protection measures and the concept of a limit to the exposure does for radiation 

workers was established . (Maria Bletter) . 

In recent years, there has been increasing amongst patients and diagnostic 

Radiology workers that unnecessary high levels of radiation are being delivered 

for common X-ray examinations.  The medical application  used radiation in 

worldwide it is very necessary.  

In 1895 Wilhelm Roentgen, German Physicist, was studying high voltage 

discharges in vacuum tubes, then he noticed fluorescence of barium 
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platinocyanide screen lying several feet from tube end . X-ray (so called 

“Rontgen ray”) was discovered by a German physicist, Wilhelm Conrad 

Rontgen in 1895 and he received the first Nobel Prize in Physics for this 

discovery. X-ray is part of the electromagnetic spectrum which has the highest 

energy range of all electromagnetic waves.  

Radiology began as a medical sub-specialty in first decade of the 1900's after 

the discovery of x-rays by Professor Roentgen. The development of radiology 

grew at a good pace until World War II. Extensive use of x-ray imaging during 

the second world war, and the advent of the digital computer and new imaging 

modalities like ultrasound and magnetic resonance imaging have combined to 

create an explosion of diagnostic imaging techniques in the past 25 years  

For the first fifty years of radiology, the primary examination involved creating 

an image by focusing x-rays through the body part of interest and directly onto a 

single piece of film inside a special cassette. In the earliest days, a head x-ray 

could require up to 15 minutes of exposure time. Now, modern x-rays images 

are made in milliseconds and the x-ray dose currently used is as little as 2% of 

what was used for that 11 minute head exam 100 years ago. Further, modern x-

ray techniques (both anal or film screen systems and digital systems, described 

below) have significantly more spatial resolution and contrast detail. This 

improved image quality allows the diagnosis of smaller pathology that could not 

be detected with older technology . 
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Figure 1.1 An x-ray system from the pioneering days  

1.2 Source of ionizing radiation 

Ionizing radiation enters our lives in a variety of ways: It arises from natural 

processes, such as the decay of uranium in the Earth, and from artificial 

procedures like the use of X- rays in medicine. So we can classify radiation as 

natural or artificial according to its origin.  

1.2.1Natural sources 

 Include cosmic rays, gamma rays from the Earth, radon decay products in the 

air, and various radionuclide’s found naturally in food and drink.  

1.2.2Artificial sources 

 Include medical X-rays, fallout from the testing of nuclear weapons in the 

atmosphere, discharges of radioactive waste from the nuclear industry, 

industrial gamma rays, and miscellaneous items such as consumer products. 

(Kroner).  
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1.2.2. Medical radiation 

 The aim of diagnostic radiology is to produce a picture in the form of shadows 

of various size, shapes and degrees of blackness. From this picture the 

radiologist attempts to deduce the anatomical structure of the patient 

responsible, for the shadow pattern, and in particular to infer any departure from 

normality (http://www.vmas.kitasat). 

It is well-known that in medical practice, X-ray is frequently used for diagnostic 

purposes. The applications of X-ray in medicine were reported as the largest 

man-made source of ionising radiation  . X-ray has been widely applied in 

medicine since it was first realised by Röentgen in 1897 eventhough during that 

time the danger of using X-ray has not yet been discovered. Röentgen started 

the first medical X-ray use where he produced the first X-ray image of his 

wife’s hand (Figure 1). 

Currently, as outlined in the UNSCEAR reports   , the applications in medical 

radiology and the doses involved in these activities constitute the largest source 

of artificial radiation exposure of the population. Therefore, it is required 

serious analysis to accurate estimate the radiological practices and their 

directions of development. The need for such analysis is based on the 

involvement of new factors emerged in radiological practice such as the growth 
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of population, the urbanization, the increasing life expectancy, all resulting in 

acceleration of the investigations in medical radiology. 

 

Figure 1.1 First “medical radiography” of the hand of Roentgen's wife. This 

early radiograph was a 30 minute exposure of the X-ray. 

The introduction of vast range of medical X-ray equipments in modern 

diagnostic radiology has led to faster and better diagnoses of large proportion of 

diseases. The number of medical X-ray examinations has shown an increase of 

20% globally compared to 10% of global population  . Benefits to the patients 

from the uses of X-ray have been established beyond doubt. The practice of 

contemporary, advanced medicine, without use of ionising radiation appears 

unthinkable . 
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1.2.2. Plain X-rays 

X-rays are useful in the detection of pathology of the skeletal system as well 

as for detecting some disease processes in soft tissue. Some notable 

examples are the very common chest X-ray, which can be used to identify 

lung diseases such as pneumonia, lung cancer or pulmonary edema, and the 

abdominal X-ray, which can detect intestinal obstruction, free air (from 

visceral perforations) and free fluid (in ascites). X-rays may also be used to 

detect pathology such as gallstones (which are rarely radiopaque) or kidney 

stones which are often (but not always) visible. raditional plain X-rays are 

less useful in the imaging of soft tissues such as the brain or muscle. 

1.2.2.  Fluoroscopy 

Fluoroscopy is an imaging procedure that allows real time x-ray viewing of the 

patient with high temporal resolution. Before the 1950s, fluoroscopy was 

performed in a darkened room with the radiologist viewing the faint 

scintillations form a thick fluorescent screen. Modern fluoroscopic system use 

image intensifier coupled to closed. Fluoroscopy is another X-ray test 

methodology. This method may use a contrast material. Examples include 

cardiac catheterization (to examine for coronary artery blockages) and Barium 

swallow (to examine for esophageal disorders). Fluoroscopy is used in many 

types of examinations and procedures. Some examples include Barium x-rays 
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and enemas (to view movement through the GI tract) Catheter insertion (to 

direct the placement of a catheter during angioplasty or angiography) Blood 

flow studies (to visualize blood flow to organs) Orthopedic surgery (to view 

fractures and fracture treatments) Risks and Benefits 

1.2-2. Digital x-ray imaging  

X-rays are by far the most important medical imaging diagnostic tool. It has 

been dominated by film sensors since its invention over a hundred years ago. 

Digital x-ray cameras based on amorphous silicon panels have been developed 

in the last decade, and are now on the verge of penetrating the market. The new 

technology employs large area electronic sensors of x-rays that capture the 

image and transform it directly into an electronic signal . 

Amorphous silicon flat panels are produced by a mature technology developed 

for computer monitors. Silicon is an excellent sensor of visible light. However, 

it is a light weight atom and transparent to the x-rays applied to medical 

diagnosis. It is a poor absorber and is not suitable as a direct x-ray sensor.  

Coating amorphous silicon with a highly absorbing scintillating layer activates 

it to x-ray sensing. Figure-1a shows the operation principle of this system. Each 

x-ray photon, absorbed within the scintillating layer, generates a sparkle of 

visible light (a scintillation) that is detected by the silicon sensor. The sensor 

converts the light into electric signal and transmits it to a computer. The x-ray 
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generated sparkle of visible light spreads in all directions and reduces the initial 

x-ray spatial resolution. The resolution improves by reducing the scintillating 

layer thickness. However, the thinner layer will absorb fewer photons. This 

imaging x-ray system compromises absorption efficiency and resolution. There 

is a similar problem with the classical film technology.  

Semiconductor detectors largely overcome this limitation by direct conversion 

of x-rays into electric signals. Figure-1b shows a sensor assembly where a layer 

of heavy atom semiconductor, covered with a metal contact, replaces the 

scintillating layer. An x-ray photon, absorbed within the voltage biased 

semiconductor, generates electric charge that flows towards the contact and the 

amorphous silicon. The charge flow is perpendicular to the sensor plane, and 

without spatial spread of signal. The semiconductor layer may be thick enough 

to absorb all the x-rays without significant loss of resolution.  

Semiconductor based imaging sensors are already in advanced state of 

development and some systems are on the market. They utilize amorphous 

selenium used successfully in photo-copier sensors. However, selenium is not 

dense and opaque enough to x-rays, and the electric charge within it is not 

mobile enough. Therefore, other materials are considered and tested for this 

purpose  . It seems, however, that further technology advancement is needed 

before they become widespread. 
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1.3  Radiation Risks from Medical X-rays  

X rays are known to cause malignancies, skin damage and other side effects and 

they are thus potentially dangerous. Therefore, it is essential and in fact 

mandatory to reduce the radiation dose in diagnostic radiology as far as 

possible. This is also known as the ALARA (as low as reasonably achievable) 

principle. The human body is persistently exposed to the radiation from 

surrounding natural as well as man-made sources. As recently in Japan, the 

huge amount of radiation has released from the reactors after earthquake and 

tsunami. Everyone has been informed about the risks attached with this 

radiation release. Everybody knows the harmful effects of widespread radiation 

but only few people are aware towards the hidden radiation risks from common 

medical imaging tests. Though the average dose of radiation from natural 

background sources has not altered, the average radiation dose from medical 

imaging tests has been increased about 6-fold. Medical imaging is a method 

which is used to produce an image of the human body for clinical intensions 

such as to reveal, diagnose or examine disorder using x-rays. Presently, the 

Medical imaging tests provide around 50% of the total radiation dose to the US 

population which was around 15% in 1980. X-ray radiography, computed 

tomography (CT) scan, mammography and fluoroscopy are the examples of the 

medical x-rays.  
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The risks of health due to radiation exposure from imaging tests are related to 

the amount of radiation absorbed in the body. This absorbed radiation is 

measured in terms of millisievert (mSv) unit and it counts on the kind and 

frequency of imaging tests.  A little but increased chance of developing cancer 

later in life is the foremost risk with the x-rays. The background radiation from 

natural sources in a year is approximately 3 mSv. In the study of McGill, it was 

noted that the cancer risk enhanced by 3% for each annual 10 mSv radiation 

exposure.   

1.4 Biological effect 

Ionizing radiation is generally harmful and potentially lethal to living things, but 

low or controlled doses can have beneficial effects. Its most common impact is 

the induction of cancer with a latent period of years or decades after exposure. 

High doses can cause visually dramatic radiation burns, and/or rapid fatality 

through acute radiation syndrome. Controlled doses are used for medical 

imaging and radiotherapy. Some scientists suspect that low doses may have a 

mild hormetic effect that can improve health.  

Some effects of ionizing radiation on human health are stochastic, meaning that 

their probability of occurrence increases with dose, while the severity is 

independent of dose. Radiation-induced cancer, teratogenesis, cognitive decline, 

and heart disease are all examples of stochastic effects. Other conditions such as 
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radiation burns, acute radiation syndrome, chronic radiation syndrome, and 

radiation-induced thyroiditis are deterministic, meaning they reliably occur 

above a threshold dose, and their severity increases with dose. Deterministic 

effects are not necessarily more or less serious than stochastic effects; either can 

ultimately lead to a temporary nuisance or a fatality. 

Quantitative data on the effects of ionizing radiation on human health is 

relatively limited compared to other medical conditions because of the low 

number of cases to date, and because of the stochastic nature of some of the 

effects. Stochastic effects can only be measured through large epidemiological 

studies where enough data has been collected to remove confounding factors 

such as smoking habits and other lifestyle factors. The richest source of high-

quality data comes from the study of Japanese atomic bomb survivors. In vitro 

and animal experiments are informative, but radioresistance varies greatly 

across species. 

The consensus of the nuclear industry, regulators and governments regarding 

radiation health effects is expressed by the International Commission on 

Radiological Protection. (ICRP) Other important organizations studying the 

topic include (Radiation Hormlis). 
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1.5 Stochastic effect 

Stochastic effects are those that occur by chance and consist primarily of cancer 

and genetic effects. Stochastic effects often show up years after exposure. As 

the dose to an individual increases, the probability that cancer or a genetic effect 

will occur also increases. However, at no time, even for high doses, is it certain 

that cancer or genetic damage will result. Similarly, for stochastic effects, there 

is no threshold dose below which it is relatively certain that an adverse effect 

cannot occur. In addition, because stochastic effects can occur in individuals 

that have not been exposed to radiation above background levels, it can never be 

determined for certain that an occurrence of cancer or genetic damage was due 

to a specific exposure. 

While it cannot be determined conclusively, it often possible to estimate the 

probability that radiation exposure will cause a stochastic effect. As mentioned 

previously, it is estimated that the probability of having a cancer in the US rises 

from 20% for non radiation workers to 21% for persons who work regularly 

with radiation. The probability for genetic defects is even less likely to increase 

for workers exposed to radiation. Studies conducted on Japanese atomic bomb 

survivors who were exposed to large doses of radiation found no more genetic 

defects than what would normally occur. 
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Radiation-induced hereditary effects have not been observed in human 

populations, yet they have been demonstrated in animals. If the germ cells that 

are present in the ovaries and testes and are responsible for reproduction were 

modified by radiation, hereditary effects could occur in the progeny of the 

individual. Exposure of the embryo or fetus to ionizing radiation could increase 

the risk of leukemia in infants and, during certain periods in early pregnancy, 

may lead to mental retardation and congenital malformations if the amount of 

radiation is sufficiently high (ICRP). 

1.6 Quality assurance 

The Quality Assurance (QA) Program is a program designed by management to 

assure quality of a product or service. Such a program can have wide-ranging 

aspects, including customer feedback, employee empowerment, and quality 

control. Quality control involves specific actions designed to keep measurable 

aspects of the process involved in manufacturing a product or providing a 

service within specified limits. These actions typically involve measurement of 

a process variable, checking the measured value against a limit, and performing 

corrective action if the limit is exceeded. This document suggests such 

variables, methods for measurement, control limits, and in some cases 

corrective actions typically applied to control equipment performance in 

radiological imaging. 
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All medical facilities using x-ray equipment, from a simple intraoral dental unit 

to an image intensified special procedures system, will benefit from adopting a 

quality assurance program. 

An established program will monitor the imaging process from start to finish 

and reveal potential problems that may otherwise go unrecognized. The 

following concepts and procedures are what the Committee believes will 

provide a standard in program monitoring and may not meet the requirements of 

some state or federal regulations. Quality assurance in medical imaging is a 

rapidly evolving concept and each facility is encouraged to continually pursue 

ways to improve and expand its program. (Quality control recommendation for 

diagnostic radiography volume 3radiogrophic all fluoroscopic machines July 

2001). 

1.7  Problem of the study 

  In the United Kingdom an estimated 100-250 cancer incidences occur each 

year from cancers directly related to medical exposure to radiation due to 

unnecessary exposure. Therefore; greater need for radiation protection seems 

justified. Furthermore, few studies have been published concerning radiation 

protection practice in Khartoum state hospitals in open literature. In addition, all 

these departments, even in main  hospitals, lack no quality control tools or 

quality assurance program. Therefore, it is essential to evaluate patient doses 
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during conventional radiography as first step towards establishing diagnostic 

reference level (DRL) in Sudan. 

1.8 Objectives of the study 

 General Objective :  this  study was  to investigate and evaluate the level of 

protection in  health care center in Khartoum city . 

Specific Objectives : 

 TO  assessment the  radiation protection in diagnostic radiology in four main 

sectors of health care providers in Khartoum city, 

1. University hospitals 

2. Teaching hospital, 

3. Private hospital, 

4. Health care centers. 

TO  Investigate the X-ray room design radiation and protection . 

TO  Determine the X-ray departmental design, shielding, and availability of 

radiation protection accessories (Lead aprons, thyroid shield, etc). 

TO assessment the quantity control program and radiation protection status.  

 TO  Measure the patient radiation dose in common investigation. 
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1.9   Signification of the Study 

Establishment of standard protocol is encouraged to harmonize the practice and 

to reduce unnecessary  

 

1.10 Thesis outline 

This study was concerned  of radiation protection in diagnostic radiation dose to 

patient during routine X ray imaging: accordingly it was divided into the 

following chapters: chapter one Introduction ,  medical radiation historical 

review, role of x-ray imaging, radiation risks from conventional, problem of the 

study and objectives of the study , Chapter two for Theoretical background, 

production of x-ray, radiation units, conventional radiology, conventional of x-

ray and literature review.   

Chapter three: materials and methods and Chapter four: Result  and  Chapter 

Five Discussions and Conclusions and recommendations.  
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Chapter Two: Theoretical Background 

2.1 X-Ray machine components 

The first X-ray device was discovered accidentally by the German scientist 

Wilhelm Roentgen (1845-1923) in 1895. He found that a cathode-ray tube 

emitted invisible rays that could penetrate paper and wood. The rays caused a 

screen of fluorescent material several yards away to glow. Roentgen used his 

device to examine the bone structure of the human hand. On November 8, 1895, 

Wilhelm Conrad Rontgen discovered X-rays at the University of Wurzburg in 

Germany. Rontgen used ~40 KeV electrons to bombard inert gas in tubes, and 

noticed that a screen coated with barium platinocyanide (BaPbCN) across room 

began to glow. He placed a deck of cards and a two inch book between the tube 

and the screen and discovered the rays penetrated the materials. He called them 

X-rays after the algebraic symbol of the unknown, x. Once while holding lead 

pipe to the rays, he noticed that the bones of his fingers were shadowed on the 

screen. On December 22nd, Roentgen decided to show his wife what had been 

occupying his time and took an X-ray image of her hand (Roobottom) . 

X-radiation is created by taking energy from electrons and converting it into 

photons with appropriate energies. This energy conversion takes place within 

the x-ray tube. The quantity (exposure) and quality (spectrum) of the x-radiation 

produced can be controlled by adjusting the electrical quantities (KV, MA) and 
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exposure time, S, applied to the tube. In this chapter we first become familiar 

with the design and construction of x-ray tubes, then look at the x-ray 

production process, and conclude by reviewing the quantitative aspects of x-ray 

production. 

2.1.1The X-ray tube 

    An x-ray tube is an energy converter. It receives electrical energy and 

converts it into two other forms: x-radiation and heat. The heat is an undesirable 

byproduct. X-ray tubes are designed and constructed to maximize x-ray 

production and to dissipate heat as rapidly as possible. The x-ray tube is a 

relatively simple electrical device typically containing two principle elements: a 

cathode and an anode. As the electrical current flows through the tube from 

cathode to anode, the electrons undergo an energy loss, which results in the 

generation of x-radiation. A cross-sectional view of a typical x-ray tube is 

shown in below.  
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Cross-Section of a Typical X-Ray Tube 

   The use of a rhenium-tungsten alloy improves the long-term radiation output 

of tubes. With x-ray tubes with pure tungsten anodes, radiation output is 

reduced with usage because of thermal damage to the surface.  

2.1.2Anode 

The anode is the component in which the x-radiation is produced. It is a 

relatively large piece of metal that connects to the positive side of the electrical 

circuit. The anode has two primary functions:  

 To convert electronic energy into x-radiation and to dissipate the heat created in 

the process. The material for the anode is selected to enhance these functions. 

The ideal situation would be if most of the electrons created x-ray photons 

rather than heat. The fraction of the total electronic energy that is converted into 

x-radiation (efficiency) depends on two factors: the atomic number (Z) of the 

anode material and the energy of the electrons. Most x-ray tubes use tungsten, 
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which has an atomic number of 74, as the anode material. In addition to a high 

atomic number, tungsten has several other characteristics that make it suited for 

this purpose. Tungsten is almost unique in its ability to maintain its strength at 

high temperatures, and it has a high melting point and a relatively low rate of 

evaporation. For many years, pure tungsten was used as the anode material. In 

recent years an alloy of tungsten and rhenium has been used as the target 

material but only for the surface of some anodes. The anode body under the 

tungsten-rhenium surface on many tubes is manufactured from a material that is 

relatively light and has good heat storage capability. Two such materials are 

molybdenum and graphite. The use of molybdenum as an anode base material 

should not be confused with its use as an anode surface material. Most x-ray 

tubes used for mammography have molybdenum-surface anodes. This material 

has an intermediate atomic number (Z = 42), which produces characteristic x-

ray photons with energies well suited to this particular application. Some 

mammography tubes also have a second anode made of rhodium, which has an 

atomic number of 45. This produces a higher energy and more penetrating 

radiation, which can be used to image dense breast. 

Most anodes are shaped as beveled disks and attached to the shaft of an electric 

motor that rotates them at relatively high speeds during the x-ray production 

process.  
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2.1.3Focal Spot 

   Not all of the anode is involved in x-ray production. The radiation is produced 

in a very small area on the surface of the anode known as the focal spot. The 

dimensions of the focal spot are determined by the dimensions of the electron 

beam arriving from the cathode. In most x-ray tubes, the focal spot is 

approximately rectangular. The dimensions of focal spots usually range from 

0.1 mm to 2 mm. X-ray tubes are designed to have specific focal spot sizes; 

small focal spots produce less blurring and better visibility of detail, and large 

focal spots have a greater heat-dissipating capacity. Focal spot size is one factor 

that must be considered when selecting an x-ray tube for a specific application. 

Tubes with small focal spots are used when high image visibility of detail is 

essential and the amount of radiation needed is relatively low because of small 

and thin body regions as in mammography. Most x-ray tubes have two focal 

spot sizes (small and large), which can be selected by the operator according to 

the imaging procedure.  

2.1.4 Cathode  

The basic function of the cathode is to expel the electrons from the electrical 

circuit and focus them into a well-defined beam aimed at the anode. The typical 

cathode consists of a small coil of wire (a filament) recessed within a cup-

shaped region, as shown below. 
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 2.1.5 Envelope 

    The anode and cathode are contained in an airtight enclosure, or envelope. 

The envelope and its contents are often referred to as the tube insert, which is 

the part of the tube that has a limited lifetime and can be replaced within the 

housing. The majority of x-ray tubes have glass envelopes, although tubes for 

some applications have metal and ceramic envelopes. 

The primary functions of the envelope are to provide support and electrical 

insulation for the anode and cathode assemblies and to maintain a vacuum in the 

tube. The presence of gases in the x-ray tube would allow electricity to flow 

through the tube freely, rather than only in the electron beam. This would 

interfere with x-ray production and possibly damage the circuit. 

2.1.6Housing 

The x-ray tube housing provides several functions in addition to enclosing and 

supporting the other components. It functions as a shield and absorbs radiation, 

except for the radiation that passes through the window as the useful x-ray 

beam. Its relatively large exterior surface dissipates most of the heat created 

within the tube. The space between the housing and insert is filled with oil, 

which provides electrical insulation and transfers heat from the insert to the 

housing surface. 
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Figure 2.1 B, Rontgen with X-ray photographs of this wife Bertha's 

hand (A) and of von Kolliker'ss hand . 

 

2.2 Properties of X-rays: 

Rontgen also demonstrated that X-rays:  

• X-rays travel in straight lines. 

•  X-rays cannot be deflected by electric field or magnetic field. 

• X-rays have a high penetrating power. 

• Photographic film is blackened by X-rays. 

• Fluorescent materials glow when X-rays are directed at them. 

• Photoelectric emission can be produced by X-rays. 

B A 
C 
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• Ionization of a gas results when an X-ray beam is passed through it. 

X-rays can be generated by an X-ray tube, a vacuum tube that uses a high 

voltage to accelerate the electrons released by a hot cathode to a high 

velocity. The high velocity electrons collide with a metal target, the anode, 

creating the X-rays (http://www.discoveriesinmedicine). In medical X-ray 

tubes the target is usually tungsten or a more crack-resistant alloy of rhenium 

(5%) and tungsten (95%), but sometimes molybdenum for more specialized 

applications, such as when soft X-rays are needed as in mammography. In 

crystallography, a copper target is most common, with cobalt often being 

used when fluorescence from iron content in the sample might otherwise 

present a problem. 

 

Figure 2.2: X-Ray machine components  
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Modern medical X-ray machines have been grouped into two categories: those 

that generate "hard" X-rays and those that generate "soft" X-rays. Soft X-rays 

are the kind used to photograph bones and internal organs. They operate at a 

relatively low frequency and, unless they are repeated too often, cause little 

damage to tissues.  

Hard X-rays are very high frequency rays. They are designed to destroy the 

molecules within specific cells, thus destroying tissue. Hard X-rays are used in 

radiotherapy, a treatment for cancer. The high voltage necessary to generate 

hard X-rays is usually produced using cyclotrons or synchrotrons. These 

machines are variations of particle accelerators (atom smashers). One of the 

more famissliar X-ray machines is the security scanner used to examine 

baggage at airports. These machines use a very low-power scanner. They 

illuminate the interior of purses and suitcases without causing damage to the 

contents (ICRP). 

2.2.1The X-ray circuit  

The energy used by the x-ray tube to produce x-radiation is supplied by an 

electrical circuit as illustrated below.  The circuit connects the tube to the source 

of electrical energy, that in the x-ray room is often referred to as the generator.  

As described in another chapter, the generator receives the electrical energy 

from the electrical power system and converts it into the appropriate form (DC, 
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direct current) to apply to the x-ray tube.  The generator also provides the ability 

to adjust certain electrical quantities that control the x-ray production process. 

The three principle electrical quantities that can be adjusted are the: 

• KV (the voltage or electrical potential applied to the tube) 

• MA (the electrical current that flows through the tube) 

• S (duration of the exposure or exposure time, generally a fraction of a 

second) 

The circuit is actually a circulatory system for electrons.  They pickup energy 

as the pass through the generator and transfer their energy to the x-ray tube 

anode as described above. 

2.2.2Electron Energy  

 The energy that will be converted into x-radiation (and heat) is carried to the x-

ray tube by a current of flowing electrons as shown above. As the electrons pass 

through the x-ray tube, they undergo two energy conversions, as illustrated 

previously: The electrical potential energy is converted into kinetic (motion) 

energy that is, in turn, converted into x-radiation and heat. 

Potential 

     When the electrons arrive at the x-ray tube, they carry electrical potential 

energy. The amount of energy carried by each electron is determined by the 
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voltage or KV, between the anode and cathode. For each kV of voltage, each 

electron has 1 keV of energy. By adjusting the KV, the x-ray machine operator 

actually assigns a specific amount of energy to each electron. 

2.2.3Production Process 

     The interaction that produces the most photons is the Bremsstrahlung 

process. Bremsstrahlung is a German word for "braking radiation" and is a good 

description of the process. Electrons that penetrate the anode material and pass 

close to a nucleus are deflected and slowed down by the attractive force from 

the nucleus. The energy lost by the electron during this encounter appears in the 

form of an x-ray photon. All electrons do not produce photons of the same 

energy. 

 2.2.4Spectrum 

Only a few photons that have energies close to that of the electrons are 

produced; smost have lower energies. Although the reason for this is complex, a 

simplified model of the Bremsstrahlung interaction is shown below. First, 

assume that there is a space, or field, surrounding the nucleus in which electrons 

experience the "braking" force. This field can be divided into zones, as 

illustrated. This gives the nuclear field the appearance of a target with the actual 

nucleus located in the center. An electron striking anywhere within the target 

experiences some braking action and produces an x-ray photon. Those electrons 
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striking nearest the center are subjected to the greatest force and, therefore, lose 

the most energy and produce the highest energy photons. The electrons hitting 

in the outer zones experience weaker interactions and produce lower energy 

photons. Although the zones have essentially the same width, they have 

different areas. The area of a given zone depends on its distance from the 

nucleus. Since the number of electrons hitting a given zone depends on the total 

area within the zone, it is obvious that the outer zones capture more electrons 

and create more photons. From this model, an x-ray energy spectrum, such as 

the one shown below, could be predicted. 

2.3 Production of X-ray  

X-ray machines operate by accelerating projectile electrons through large 

voltages towards a target material where they collide with atoms in the target. 

Three things happen when the projectile electrons hit the target:- 

– Bremsstrahlung X-rays are produced 

– Characteristic X-rays are produced 

– Anode (target) heating occurs 

2.3.1 Bremsstrahlung X-Rays: 

 This is radiation given off by the electrons as they are scattered by the strong 

electric field near the high-Z (proton number) nuclei. These X-rays have a 

continuous spectrum. The intensity of the X-rays increases linearly with 
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decreasing frequency, from zero at the energy of the incident electrons, the 

voltage on the X-ray tube. So the resulting output of a tube consists of a 

continuous bremsstrahlung spectrum falling off to zero at the tube voltage, plus 

several spikes at the characteristic lines. The voltages used in diagnostic X-ray 

tubes, and thus the highest energies of the X-rays, range from roughly 20 to 150 

kV (http://hyperphysics) . Both of these X-ray production processes are very 

inefficient, with a production efficiency of only about one percent, and hence, to 

produce a usable flux of X-rays, most of the electric power consumed by the 

tube is released as waste heat. The X-ray tube must be designed to dissipate this 

excess heat. In medical diagnostic application, the low energy (soft) X-rays are 

unwanted, since they are totally absorbed by the body, increasing the dose. 

Hence, a thin metal sheet, often of aluminum, called an X-ray filter, is usually 

placed over the window of the X-ray tube, filtering out the low energy 

components in the spectrum. This is called hardening the beam.  Radiographs 

obtained using X-rays can be used to identify a wide spectrum of pathologies. 

Because the body structures being imaged in medical applications are large 

compared to the wavelength of the X-rays, Which  can be analyzed as particles 

rather than waves. (This is in contrast to X-ray crystallography, where their 

wave-like nature is more important because the wavelength is comparable to the 

sizes of the structures being imaged.)  . The curves down are from the 1918 data 

of Ulrey, who bombarded tungsten targets with electrons of four different 

energies. The bombarding electrons can also eject electrons from the inner 
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shells of the atoms of the metal target, and the quick filling of those vacancies 

by electrons dropping down from higher levels gives rise to sharply defined 

characteristic x-rays . 

  

 

 

 

 

 

 

 

Figure 2.3: Bremsstrahlung X-Rays  

2.3.2 Characteristic X-rays 

Characteristic x-rays are emitted from heavy elements when their electrons 

make transitions between the lower atomic energy levels. The characteristic x-

rays emission which shown as two sharp peaks in the illustration at left occur 

when vacancies are produced in the n=1 or K-shell of the atom and electrons 

drop down from above to fill the gap. The x-rays produced by transitions from 
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the n=2 to n=1 levels are called K-alpha x-rays, and those for the n=3->1 

transition are called K-beta x-rays. Transitions to the n=2 or L-shell are 

designated as L x-rays (n=3->2 is L-alpha, n=4->2 is L-beta, etc.). The 

continuous distribution of x-rays which forms the base for the two sharp peaks 

at left is called "bremsstrahlung" radiation. X-ray production typically involves 

bombarding a metal target in an x-ray tube with high speed electrons which 

have been accelerated by tens to hundreds of kilovolts of potential. The 

bombarding electrons can eject electrons from the inner shells of the atoms of 

the metal target. Those vacancies will be quickly filled by electrons dropping 

down from higher levels, emitting x-rays with sharply defined frequencies 

associated with the difference between the atomic energy levels of the target 

atoms. The frequencies of the characteristic x-rays can be predicted from the 

Bohr model. Moseley measured the frequencies of the characteristic x-rays from 

a large fraction of the elements of the periodic table and produces a plot of them 

which is now called a "Moseley plot". Characteristic x-rays are used for the 

investigation of crystal structure by x-ray diffraction. Crystal lattice dimensions 

may be determined with the use of Bragg's law in a Bragg spectrometer (Robin). 
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Figure 2.4: Characteristic X-rays  

 

2.4 The interaction of x-ray with matter 

When an x-ray beam (beam of photon) passes in to an absorbing medium such 

as body tissues some of energy carried by the beam is transferred to the medium 

where it may produce biological damage .the energy deposited per unit mass of 

the medium is known as the absorbed dose and is very use full quantity for the 

predication of biologicall effects. 

The events that result in this absorbed  dose and subsequent biological damage 

are quit complicated,the process usually involves the collision between aphaton 

and some electron in the body resulting in the scattering of some radiation and 

the setting in motion of high speed electron .in travelling through the tissue the 

high speed electron produces atrack along which ionization occur excitiation of 

atoms takes place and molecular  bonds are broken all of these result in 

biological damage.most of the energy however is converted in to heat producing 
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no biological effect some of the high speed electron may suffer acollision with 

anucleus and produce bremssstrahlung.this bremsstrahlung as well as scatter 

radiation can then under go interaction in the same ways the original photon  is 

converted in electrornic motion. 

x-ray photons may interact with the absorbed to produce high speed electrons 

by four importans mechanisms known as the (elastic scattering –photoelectric 

process-Compton  incoherent  scattering –and pair production) A  less  

important process called coherent scattering also takes place .often all four 

processes take place  simultaneously. 

The total mass attenuation coefficient is the fraction of the x-rays removed from 

an x-ray beam of unit cross-sectional area in a medium of unit mass. 

The four processes of x-ray  interaction with matter all involve attenuation since 

the intensity of x-ray beam is reduced (or attenuated) as a result of each 

process.some of these processes result in complete absorption of an x-ray 

quantum and some in partial or no absorption . the term absorption implies thate 

energy  is transferred to the atoms of the absorber from the x-rays . 

Elastic (coherent) scattering also known as classical coherent or Rayleigh 

scattering when the energy of photon of electromagnetic radiation is 

considerably  less than the binding energies of the electrons orbiting the atoms 

of the absorbed the photon  may be deflected from its path with no loss of 

energy after  interaction with one of the electrons . 

The elastic scattering is signification only  for low energies of x-ray quanta . 
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In the photoelectric  absorption the x-ray  interacts with abound  electron by 

giving to the whole of its energy .the  x-ray quantum disappears  and the 

electron is ejected from the atom . this process is only possible of course if the 

quantum has sufficient energy to over come the binding energy  of the electron 

to the atomk.Otherwise the electron can not be ejecteqd. 

Photoelectric absorption predominates at  low energies since  the x-ray  quanta 

interact most efficiently with bound  electrons  when the energy of the quanta 

are close to the binding energies of the electrons . As the energy of the x-ray 

increase the binding energy  progressively  less  significant  until the x-ray 

quanta may be considered to be interact with individual (free) electrons. This 

type of interaction is known as Compton scatter and result  in partial absorption 

of  energy of an x-ray  which undergoes such scatter .the electron density 

(number of electron  per unit mass of absorber) is an important factor in 

determining  the probability  of a compton scatter. 

Pair production is the formation of apair  of  electrons (one positive and one 

negative) from an energetic photon.the process occurs in the proximity of the 

nucleus an atom and  only  for  photons of energy greater  than 1.02MeV. 

2.5   Photon interaction 

• photoelectric effect 

• Compton Effect 

• pair production 
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2.6  The design of x-ray room 

The purpose of an x-ray room is  to provide an closure  for the x-ray  unit in 

order to limit access to the radiation  area and to provide adequate shielding of 

the x-rays to the rest of  the environment ,in addiation provision is made for 

(barrier)  inside the room  behind  which staff may be protected from radiation  

as they operate the units.if there is more than one unit with in room  then  visual 

indication as to which  tube is selected must be present and safety  interlocks 

must ensure that it is possible to expose only on unit at a given time protective 

barriers are necessary in order to protect  one patient  from the scattered 

radiation from another patient.( Robin). 

2.7  X-ray images 

 An x-ray image intensifier (XRII) is an imaging component which converts x-

rays into a visible image. The term image intensifier refers to a specific 

component of an x-ray imaging system, which allows low intensity x-rays to be 

converted to a visible light output. The device contains a low absorbency/scatter 

input window, typically aluminum, input fluorescent screen, photocathode, 

electron optics, output fluorescent screen and output window. These parts are all 

mounted in a high vacuum environment within glass or more recently, 

metal/ceramic. It allows the viewer to more easily see the structure of the object 

being imaged than past fluorescent screens. The X-ray II requires lower dose 

rates due to more efficient conversion of x-ray quanta to visible light. This 
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device was originally introduced in 1948. Viewing of the output was via mirrors 

and optical systems until the adaption of television systems in the 1960s. 

Additionally, the output was able to be captured on systems with a 100mm cut 

film camera using pulsed outputs from an x-ray tube similar to a normal 

radiographic exposure; the difference being the II rather than a film screen 

cassette provided the image for the film to record .The input screens range from 

15–57 cm, with the 23 cm, 33 cm and 40 cm being among the most common. 

Within each image intensifier, the actual field size can be changed using the 

voltages applied to the internal electron optics to achieve magnification and 

reduced viewing size. For example, the 23 cm commonly used in cardiac 

applications can be set to a format of 23, 17, and 13 cm. Because the output 

screen remains fixed in size, the output appears to "magnify" the input image 

(UN SCEAR). The design of an X-ray imaging system is difficult because of 

the constraints imposed by the interaction of X-rays with matter. First, X-rays 

impinging at normal incidence on any material are largely absorbed rather than 

reflected. (It is this property that makes possible medical X-rays. X-rays are 

absorbed by dense tissue like bone, and transmitted through less dense tissue 

like skin and muscle. Thus, a medical X-ray shows the "shadow" of the bone.) 

Normal incidence mirrors, like those used for optical telescopes, are ruled out. 

Second, the index of refraction, n, is ~1 at X-ray wavelengths for all materials.  
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2.8  Radiation dosimetry 

Radiation dosimetry is the calculation of the absorbed dose in matter and tissue 

resulting from the exposure to indirectly and directly ionizing radiation. It is a 

scientific subspecialty in the fields of health physics and medical physics that is 

focused on the calculation of internal and external doses from ionizing 

radiation. 

2.8.1  Radiation quantities  

There are many different physical quantities that can be used to express the 

amount of radiation delivered to a human body. Generally, there are advantages 

and applications as well as disadvantages and limitations for each of the 

quantities. There are two types of radiation quantities: those that express the 

concentration of radiation at some point, or to a specific tissue or organ, and 

there are also quantities that express the total radiation delivered to a body. We 

will be considering each of these quantities in much more detail. The general 

relationship between the concentration and total radiation quantities are 

illustrated below. 

2.8.1.1 Exposure 

Exposure is a radiation quantity that expresses the concentration of radiation 

delivered to a specific point, such as the surface of the human body.  There are 

two units for expressing Exposure.  The conventional unit is the roentgen (R) 
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and the SI unit is the coulomb/kg of air (C/kg of air).  The unit, the roentgen, is 

officially defined in terms of the amount of ionization produced in a specific 

quantity of air. The ionization process produces an electrical charge that is 

expressed in the unit of coulombs.  So, by measuring the amount of ionization 

(in coulombs) in a known quantity of air the exposure in roentgens can be 

determined.  

2.8.1.2 Air kerma 

 Air kerma is a radiation quantity that is used to express the radiation 

concentration delivered to a point, such as the entrance surface of a patient's 

body.  It is a quantity that fits into the SI scheme. The quantity, kerma, 

originated from the acronym, KERMA, for Kinetic Energy Released per unit 

MAss (of air). It is a measure of the amount of radiation energy, in the unit of 

joules (J), actually deposited in or absorbed in a unit mass (kg) of air.  

Therefore, the quantity, kerma, is expressed in the units of J/kg which is also the 

radiation unit, the gray (G). 

2.8.1.Absorbed Dose 

Absorbed Dose is the radiation quantity used to express the concentration of 

radiation energy actually absorbed in a specific tissue.  This is the quantity that 

is most directly related to biological effects.  Dose values can be in the 

traditional unit of the rad or the SI unit of the gray (Gy).  The rad is equivalent 
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to 100 ergs of energy absorbed in a gram of tissue and the gray is one joule of 

energy absorbed per kilogram of tissue. 

2.8.1.4 Entrance Surface Dose 

Entrance skin exposure is defined as the exposure in roentgens at the skin 

surface of the patient without the backscatter contribution from the patient. This 

measurement is popular because entrance skin exposure is easy to measure, but 

unfortunately the entrance skin exposure is poorly suited for specifying the 

radiation received by patients undergoing radiographic examination. The 

entrance skin exposure does not take into account the radio sensitivity of 

individual organs or tissues, the area of an X-ray beam, or the beam’s 

penetrating power, therefore, entrance skin exposure is poor indicator of the 

total energy imparted to the patient 

 

2.8.1  Entrance Surface Air Kerma (ESAK) 

The Entrance Surface Air Kerma (ESAK) is defined as the kerma in air at the 

point where the central radiation beam axis enters the hypothetical object, i.e. 

patient or phantom, in the absence of the specified object (Zoetelief et al, 1996).  

The Entrance Surface Dose, or alternatively the entrance skin dose (ESD) is 

defined as the absorbed dose to air on the X-ray beam axis at the point where X-

ray beam enters the patient or a phantom, including the contribution of the 

backscatter (NRPB, 1992).  The ESD is to be expressed in mGy. Some 
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confusion exists in the literature with regard to the definition of the ESD. That 

is, whether the definition should refer to the absorbed dose to the air as defined 

above or absorbed dose to tissue .  

2.8. Dose Area Product (DAP) 

Dose Area Product (DAP) is defined as the Absorbed Dose to Air (or the air 

Kerma) averaged over the area of the x-ray beam in a plane perpendicular to the 

beam axis, multiplied by the area of the beam in the same plane. The Gy cm
2  

is 

the preferred unit for DAP . The quantity is also referred as kerma area product.   

2.8.1 Equivalent dose 

In radiological protection, it is the Absorbed Dose Averaged over a tissue or 

organ (rather than at a point) and weighted for the radiation quality that is of 

interest (ICRP, 1991). The weighting factor for this purposes is called the 

radiation weighting factor, W
R
 , and is selected for the type and energy of the 

radiation incident  on the body, emitted by the source 

2.8. 2  Effective Dose 

The International Commission on Radiological Protection (ICRP), along with 

other entities concerned with radiation protection, have introduced the concept 

of dose equivalent in order to discriminate between different types of radiations.   

The dose equivalent H is defined as the absorbed dose multiplied by a 

dimensionless factor Q.Q, known as the quality factor, is based on the 

biological effectiveness of different kinds of radiation, which in turn depends on 
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the linear energy transfer (LET) of that particular radiation.  LET is defined by 

the ICRP as the unrestricted. To account for the differing g radio sensitivities of 

different tissues the ICRP furth her introduced the concept of effective dose.  A 

Along with the quality factor Q, the absorbed dose is s multiplied by a tissue 

weighting factor (wT)) specific to the organ of interest.  Since the sum of t the 

ICRP’s tissue weighting factors is unity, each individually weighted organ dose 

can be summed to obtain an effective dose that represent the risk for all 

stochastic effects to an ystem would be highly impractical for use on a rocket or 

satellite (NRPB) . 

2.9.2 UNITS: 

2.9.1 Roentgen  

The roentgen is a unit used to measure a quantity called exposure. This can only 

be used to describe an amount of gamma and X-rays, and only in air. One 

roentgen is equal to depositing in dry air enough energy to cause 2.58 x 10-4 

coulombs per kg. It is a measure of the ionizations of the molecules in a mass of 

air. The main advantage of this unit is that it is easy to measure directly, but it is 

limited because it is only for deposition in air, and only for gamma and x rays. 

2.9.2  Radiation Absorbed Dose (Rad) 

The Rad is a unit used to measure a quantity called absorbed dose. This relates 

to the amount of energy actually absorbed in some material, and is used for any 

type of radiation and any material. One rad is defined as the absorsption of 100 
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ergs per gram of material. The unit rad can be used for any type of radiation, but 

it does not describe the biological effects of the different radiations. 

 2.9.3 Rem (Roentgen Equivalent Man) 

The Rem is a unit used to derive a quantity called equivalent dose. This relates 

the Absorbed Dose in human tissue to the effective biological damage of the 

radiation. Not all radiation has the same biological effect, even for the same 

amount of Absorbed Dose. Equivalent dose is often expressed in terms of 

thousandths of a rem, or mrem. To determine equivalent dose (Rem), you 

multiply absorbed dose (rad) by a quality factor (Q) that is unique to the type of 

incident radiation. 

  2.9.4 Gray (Gy) 

The Gray is a unit used to measure a quantity called absorbed dose. This relates 

to the amount of energy actually absorbed in some material, and is used for any 

type of radiation and any material. One gray is equal to one joule of energy 

deposited in one kg of a material. The unit gray can be used for any type of 

radiation, but it does not describe the biological effects of the different 

radiations. Absorbed dose is often expressed in terms of hundredths of a Gray, 

or centi-grays. One gray is equivalent to 100 Rads. 

 2.9.5  Sievert (Sv) 

The Sievert is a unit used to derive a quantity called equivalent dose. This 

relates the absorbed dose in human tissue to the effective biological damage of 

the radiation. Not all radiation has the same biological effect, even for the same 
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amount of Absorbed Dose. Equivalent Dose is often expressed in terms of 

millionths of a sievert, or micro-sievert. To determine equivalent dose (Sv), you 

multiply absorbed dose (Gy) by a quality factor (Q) that is unique to the type of 

incident radiation. One Sievert is equivalent to 100 Rem. 

 

2.9.6 Calculation of ESD from Exposure Factors 

ESD may be calculated in practice by means of knowledge of the tube output 

(Toivonen, 2001). The relationship between x-ray unit current time product 

(mAs) and the air kerma free in air is established at a reference point in the x-

ray field at 80 kVp tube potential. Subsequent estimates of the ESD can be done 

by recording the relevant parameters (tube potential, filtration, mAs and FSD) 

and correcting for distances and back scattered radiation according to the 

following equation (Toivonen) . 

 

where OP is the tube output per mAs measured at a distance of 100 cm from the 

tube focus along the beam axis at 80 kVp, kV is peak tube voltage (kVp) 

recorded for any given examination (in many cases the output is measured at 80 

kVp, and therefore this appears in the equation as a quotient to convert the 

output into an estimate of that which would be expected at the operational kVp. 

The value of 80 kVp should be substituted with whatever kVp the actual output 

is recorded at in any given instance).   mAs is the tube current-time product 
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which is used in any given. FSD is the focus-to-patient entrance surface 

distance and BSF is the backscatter factor. 

2.9.7 Level of Radiation In Medical Image 

To make an X-ray image of human or animal bones, short X-ray pulses 

illuminate the body or limb, with radiographic film placed behind it. Any bones 

that are present absorb most of the X-ray photons by photoelectric processes. 

This is because bones have a higher electron density than soft tissues. Note that 

bones contain a high percentage of calcium (20 electrons per atom), potassium 

(19 electrons per atom) magnesium (12 electrons per atom), and phosphorus (15 

electrons per atom). The X-rays that pass through the flesh leave a latent image 

in the photographic film. When the film is developed, the parts of the image 

corresponding to higher X-ray exposure are dark, leaving a white shadow of 

bones on the film. 

2.10 Image receptors and imaging technique 

2.10.1  Photographic plate 

The detection of X-rays is based on various methods. The most commonly 

known methods are photographic plates, photographic film in cassettes, and rare 

earth screens. Regardless of what is "catching" the image, they are all 

categorized as "Image Receptors" (IR).  Before the advent of the digital 

computer and before the invention of digital imaging, photographic plates were 
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used to produce most radiographic images. The images were produced right on 

the glass plates. Photographic film largely replaced these plates, and it was used 

in X-ray laboratories to produce medical images. In more recent years, 

computerized and digital radiography has been replacing photographic film in 

medical and dental applications, though film technology remains in widespread 

use in industrial radiography processes (e.g. to inspect welded seams). 

Photographic plates are mostly things of history, and their replacement, the 

"intensifying screen", is also fading into history. The metal silver (formerly 

necessary to the radiographic & photographic industries) is a non-renewable 

resource. Thus it is beneficial that this is now being replaced by digital (DR) 

and computed (CR) technology. Where photographic films required wet 

processing facilities, these new technologies do not. The digital archiving of 

images utilizing these new technologies also saves storage space. 

Since photographic plates are sensitive to X-rays, they provide a means of 

recording the image, but they also required much X-ray exposure (to the 

patient), hence intensifying screens were devised. They allow a lower dose to 

the patient, because the screens take the X-ray information and intensify it so 

that it can be recorded on film positioned next to the intensifying screen. 

The part of the patient to be X-rayed is placed between the X-ray source and the 

image receptor to produce a shadow of the internal structure of that particular 

part of the body. X-rays are partially blocked ("attenuated") by dense tissues 
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such as bone, and pass more easily through soft tissues. Areas where the X-rays 

strike darken when developed, causing bones to appear lighter than the 

surrounding soft tissue. 

Contrast compounds containing barium or iodine, which are radiopaque, can be 

ingested in the gastrointestinal tract (barium) or injected in the artery or veins to 

highlight these vessels. The contrast compounds have high atomic numbered 

elements in them that (like bone) essentially block the X-rays and hence the 

once hollow organ or vessel can be more readily seen. In the pursuit of a non-

toxic contrast material, many types of high atomic number elements were 

evaluated. For example, the first time the forefathers used contrast it was chalk, 

and was used on a cadaver's vessels. Unfortunately, some elements chosen 

proved to be harmful – for example, thorium was once used as a contrast 

medium (Thorotrast) – which turned out to be toxic in some cases (causing 

injury and occasionally death from the effects of thorium poisoning). Modern 

contrast material has improved, and while there is no way to determine who 

may have a sensitivity to the contrast, the incidence of "allergic-type reactions" 

are low. (The risk is comparable to that associated with penicillin.  

 2.10.1   Photostimulable phosphors 

An increasingly common method is the use of photostimulated luminescence 

(PSL), pioneered by Fuji in the 1980s. In modern hospitals a photostimulable 
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phosphor plate (PSP plate) is used in place of the photographic plate. After the 

plate is X-rayed, excited electrons in the phosphor material remain 'trapped' in 

'colour centres' in the crystal lattice until stimulated by a laser beam passed over 

the plate surface. The light given off during laser stimulation is collected by a 

photomultiplier tube and the resulting signal is converted into a digital image by 

computer technology, which gives this process its common name, computed 

radiography (also referred to as digital radiography). The PSP plate can be 

reused, and existing X-ray equipment requires no modification to use them. 

2.10.2  Selenium Sadiography 

The use of selenium as a detector material has long been known from 

xeroradiography. In digital radiography, however, there is at present only one 

system that uses a selenium detector. This is a dedicated chest unit (Philips 

Thoravision). The detective quantum efficiency of the selenium system is 

superior to that of any other detector system. Due to the higher quantum 

absorption and low system noise, the image noise is also significantly lower 

than that of other detectors . As in all digital systems, the resolution is 

determined by the pixel size (0.2 mm; 2166 x 2448 matrix) and is nominally 

below that of film. The dynamic range is extremely wide (1:10 000), with a 

linear relationship between dose and signal over a wide exposusr. 

(http://en.wikipedia). 
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The direct conversion of the absorbed quanta into an electrical charge, and from 

there into a digital signal, reduces the system noise by eliminating additional 

sources of noise during the read-out process. An electrical charge applied to the 

selenium layer ensures that the majority of the liberated electrons are 

transported through the layer in a straight line perpendicular to the field 

gradient, greatly reducing diffusion. This occurs independently of whether the 

electrons arise at the surface of the layer, or deep within it. In contrast, the 

diffusion of emitted light in storage phosphor screens or conventional 

intensifying screens becomes greater when an X-ray quantum is absorbed deep 

within the luminescent layer, rather than at the surface. In the selenium detector, 

the greatly reduced diffusion results in a reduction in structure noise. In 

addition, the selenium layer offers the possibility of using thicker layers, 

allowing the detective quantum efficiency to be increased without affecting the 

image resolution.  In order to reduce scattered radiation, the Thoravision has an 

air gap of 15 cm between the surface of the detector drum and the front of the 

housing. The air gap is permanent, but an additional stationary grid can be fitted 

as an option. The grid has 60 lamellae/cm and a ratio of 12:1. 

2.10.3  Imaging plate 

The CR Imaging Plate (IP) contains photostimulable storage phosphors, which 

store the radiation level received at each point in local electron energies. When 

the plate is put through the scanner, the scanning laser beam causes the 
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electrons to relax to lower energy levels, emitting light that is detected by a 

photo-multiplier tube, which is then converted to an electronic signal. The 

electronic signal is then converted to discrete (digital) values and placed into the 

image processor pixel map. Imaging plates can theoretically be re-used 

thousands of times if they are handled carefully. IP handling under industrial 

conditions, however, may result in damage after a few hundred uses. An image 

can be erased by simply exposing the plate to a room-level fluorescent light. 

Most laser scanners automatically erase the image plate after laser scanning is 

complete. The imaging plate can then be re-used. Reusable phosphor plates are 

environmentally safe but 

2.11  Conventional radiography 

Conventional (also called analog, plain-film or projectional) radiography is 

a fundamental diagnostic imaging tool in the detection and diagnosis of 

diseases. X-rays reveal differences in tissue structures using attenuation or 

absorption of x-ray photons by materials with high density (like calcium-rich 

bones). 

Basically, a projection or conventional radiograph shows differences 

between bones, air and sometimes fat, which makes it particularly useful to 

asses bone conditions and chest pathologies. Low natural contrast between 

adjacent structures of similar radiographic density requires the use of 

contrast media to enhance the contrast. 
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In conventional radiography, the patient is placed between an x-ray tube and 

a film or detector, sensitive for x-rays. The choice of film and intensifying 

screen (which indirectly exposes the film) influence the contrast resolution 

and spatial resolution. Chemicals are needed to process the film and are 

often the source of errors and retakes. The result is a fixed image that is 

difficult to manipulate after radiation exposure. 

X-rays emerge as a diverging conical beam from the focal spot of the x-ray 

tube. For this reason, the radiographic projection produces a variable degree 

of distortion. This effect decreases with increased source to object distance 

relative to the object to film distance, and by using a collimator, which let 

through parallel x-rays only 

2.12 The Control of Scatter Radiation 

In diagnostic radiology secondary Radiation is useless radiation no favourable 

contribution to the formation of the x-Ray image and seriously deteriorates 

contrast in the radiography. 

2.13  Principles of adiation protection 

Radiation protection can be divided into occupational radiation protection, 

which is the protection of workers, medical radiation protection, which is the 

protection of patients and the radiographer, and public radiation protection, 

which is protection of individual members of the public, and of the population 
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as a whole. The types of exposure, as well as government regulations and legal 

exposure limits are different for each of these groups, so they must be 

considered separately. 

There are three factors that control the amount, or dose, of radiation received 

from a source. Radiation exposure can be managed by a combination of these 

factors: 

2.13.1 Time  

Reducing the time of an exposure reduces the  effective dose proportionally. An 

example of reducing radiation doses by reducing the time of exposures might be 

improving operator training to reduce the time they take to handle a source.  

 

2.13.2 Distance 

 Increasing distance reduces dose due to the inverse square law Distance can be 

as simple as handling a source with forceps rather than fingers.  

2.13.3 Shielding 

 The term 'biological shield' refers to a mass of absorbing material placed 

around a reactor, or other radioactive source, to reduce the radiation to a level 

safe for humans. The effectiveness of a material as a biological shield is related 

to its cross –section for scattering and absorpation , and to a first approximation 

is proportional to the total mass of material per unit area interposed along the 

line of sight between the radiation source and the region to be protected. Hence, 

shielding strength or "thickness" is conventionally measured in units of g/cm2. 
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The radiation that manages to get through falls exponentially with the thickness 

of the shield. In  x-ray facilities, the plaster on the rooms with the x-ray 

generator contains barium sulfate and the operators stay behind a leaded class 

screen and wear lead apron. Almost any material can act as a shield from 

gamma or x-rays if used in sufficient amounts.  

Practical radiation protection tends to be a job of juggling the three factors to 

identify the most cost effective solution. 

In most countries a national regulatory authority works towards ensuring a 

secure radiation environment in society by setting requirements that are also 

based on the international recommendations for ionizing radiation (ICRP - 

International Commission on Radiological Protection): 

Justification: No unnecessary use of radiation is permitted, which means that the 

advantages must outweigh the disadvantages.  

Limitation: Each individual must be protected against risks that are far too large 

through individual radiation dose limits.  

Optimization: Radiation doses should all be kept as low as reasonably 

achievable. This means that it is not enough to remain under the radiation dose 

limits. As permit holder, you are responsible for ensuring that radiation doses 

are as low as reasonably achievable, which means that the actual radiation doses 

are often much lower than the permitted limit.( Biological shield) . 
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2.14  Quality Control 

The good criteria for acquiring new radiological equipment is by planning for 

radiological equipment replacement and correct procedure are to start with 

technology assessment the analysis of equipment purchasing renting room 

setting equipment installation management and planned replacement was start 

by coppa(2001). 

Radiolographic (Qc) is responsible for the testing and monitoring of all imaging 

equipment in the medical image department . 

There are three parts of the qulity control program for radiographic equipment 

which are visual inspection environmental inspection and performance 

depending on the size of department .the use of medical imaging audit is way to 

look at the overall opration of the department and the qulity of services being 

provided to the customer(http://www.nrc.gov). 

The savings realized by  QC  program out weight the investment cost .there was 

study started aprogram of patient dosimeter and QC in 1986and 1989 

respectively which produced signification dose reduction .this program 

reinforce the importance of the QC  program for diagnostic radiology serves in 

health centers in which the aim should be to ensure the continuation of these 

dose reduction as long they can be achieved with out determent to the 

diagnostic value of the examination (Royal llage). 

The aim of the diagnostic radiology to obtain images adequate for the clinical 

purpose with the minimum radiation dose to the patient . 
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Quality assurance (QA) not only provides from work for the optimization and 

maintenance of adequated image qulity but also fulfills an essential radiation 

protection role by ensuring the patient doses are minimizing . 

The latter beneficial effect of minimizing staff doses. 

 The ionizing radiation regulation 1999(IRR99) are largely concerned withstaff 

safety regulation dose place recponsibilites on the employer regarding 

equipment used for medicall exposure such equipment includes all ancillary 

equipment such as image receptors and film processors that include affect the 

dose to the patient specifically the employer must ensure the following :- 

1-thate equipmens is designed constructed installed and maintained so as to be 

capable of ensuring that patient doses are as low as reasonably practicable 

(ALARP).Although the manufacturing also has duty here the employer consider 

patient dose when purchasing equipment and must periodically review the 

ability of the older equipment to comply with the ALARP principle. 

2-that equipment has   suitable means were practicable of the informing the user 

of radiation produce d during an exposure dose product area(DAP) meter would 

probably be most useful although post exposure mAs reading would  

3-the suitable QA  programe suffics.for equipment is provided ensure thate it 

remain of restricting exposure the minimum compatible with the clinicale 

purpose . 

4- that the QA program requires 

a-Adequate testing for equipment before it is firist used on the patient.                                     
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b- Adequate testing of the equipment performonce at appropriate intervalse and 

after any major maintenance procedure.                                                                                

c- Where appropriate measurement at suitable intervals to enable the assessment 

of representative dose of patient(wlto-isH). 

 

2.15  Previous Studies 

There are many researches has been performed in evaluating  of radiation 

protection 0n many hospital and center , patient dosimetry in national and 

international levels. One of them was done  , in the department of  collage of 

medical radiology sciences . Esam (Esam) evaluated the radiation leakage in x-

ray department .the result show leakage control panel reception patient ,waiting 

area lowards the door and no radiation leakage in dark room and patient waiting 

area other site. 

 Mohammed Yusuf (Mohammed)  found that the personnel monitoring in the 

years 2001 during 35 day in Military Corps hospital –Khartoum .The average 

accumulated affective dose for staff was 0.44 mSv and in the year 2002 the 

average equivalent dose 0.515 mSv during 7 months. These results were in 

agreement with another study conducted by Kamal Mustafa [23] in Emirates.  

Mohammed Dahab (Mohammed Dahab)  measured the entrance skin dose and 

effective dose during chest X ray for pediatrics (Khartoum- Ahmmed Gasim) 

hospital. The result shows wide dose variation and the most above the 

recommended limits levels.  
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 Ragaa Alfadel (Ragaa ) evaluated the radiation protection for the technologists 

in (Khartoum – Bahri – military corps – Suba). She found that the average dose 

above 0.3 mSv in one exposure in 12% of the X ray rooms. The average dose 

for the workers was at the acceptable level but above for the worker during 

pregnancy. 

Sulieman et al (Sulieman et)  estimated the radiation dose to patients and staff 

during hysterosalpingography. Thirty-seven patients with infertility were 

examined using two digital X-ray machines. Thermoluminescence dosimeters 

(TLD) were used to measure entrance surface dose (ESD) for patients and staff 

during the procedure. The mean ESD and thyroid surface dose of the patient 

were 3.60 and 0.17 mGy, respectively, while the mean ESD for the staff was 

0.18 mGy per procedure. The patient overall risk for cancer and hereditary 

effects is 24 3 1026, while the risk for the staff is negligible. HSG with 

fluoroscopic technique demonstrate improved dose characteristics, compared to 

the conventional radiographic-based technique, reducing the surface dose by a 

factor of 3, without compromising the diagnostic findings. 

Micturating cystourethrography (MCU) is the method used to detect and grade 

vesicoureteric reflux (VUR) and show urethral and bladder abnormalities.  

Sulieman A et al (Sulieman A et)  Evaluated, by means of thermo luminescence 

dosimetry (TLD), the radiation dose to the newborn and pediatric populations 

undergoing MCU using fluoroscopic imaging. Evaluation of entrance surface 
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dose (ESD), organ and surface dose to specific radiosensitive organs was 

carried out.  

52 patients with mean age of 0.36 years who had undergone MCU using digital 

fluoroscopy were studied. ESD, surface doses to thyroid, testes/ovaries and co-

patients were measured with TLDs. MCU with digital equipment and 

fluoroscopy-captured image technique can reduce the radiation dose by 

approximately 50% while still obtaining the necessary diagnostic information. 

Radiographic exposures were made in cases of the presence of reflux or of the 

difficulty in evaluating a finding. The radiation surface doses to the thyroid and 

testes are relatively low, whereas the radiation dose to the co-patient is 

negligible. The risks associated with MCU for patients and co-patients are 

negligible  

Sarra Hassan(Sarra) evaluation of radiation protection status in Omdurman 

health care center .the result of this study was found the lowest radiation dose 

was on Abo-sed9mean0.22mSv) and the highest dose was on Aldaw Hajoj 

(0.31) ,in Wad-Nobawi (0.26) Alrakha(0.30).the protection status associated 

with co-patient was good in three centers and high on Aldaw –hajoj center 

(reception dose ). 

Brodhead DA et al (Brodhead ) was study Barium exams performed on 10 

digital and four non-digital fluoroscopic systems were monitored with dose-area 

product meters.  
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A comparison of dose-area product measurements from digital and non-digital 

fluoroscopy units on over 10000 barium studies is presented. The mean size 

corrected dose-area product for a barium meal examination was found to be 

7.62 Gy cm2 for a digital set compared with 15.45 Gycm2 for a non-digital set 

with 2462 and 1308 patients included in each measurement series, respectively. 

Dose-area products were also a factor of approximately two lower for barium 

enema, barium swallow and barium follow-through examinations performed on 

digital systems.lumbar spine PA, lumbar spine LAT, urography, abdomen, 

pelvis and hip, head and shoulder. This work consisted of measurements for 926 

X-ray examinations for patients in 26 governmental hospitals. The mean and 

third quartile of the dose area product (DAP) to each patient per examination 

have been measured. The corresponding average effective doses have been 

computed from the DAP measurement for each examination using NRPP X-

Dose software. Comparison of the results was done with those from similar 

surveys published by the United Nation Scientific Committee on the Effects of 

Atomic Radiation (UNSCEAR, 2000, 2007). The present measurements will 

provide a useful baseline to establish, for the first time, national diagnostic 

reference levels. These results can be used in the future to evaluate the 

collective dose to the population from medical exposure and the radiation risks 

from the various radiological procedures. 
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Olsson et al (Olsson et)  conducted a phantom study showing the importance of 

compression in conventional diagnostic X-ray examinations. Compression was 

earlier an important and well-managed part of the clinical routine, but during the 

past 15-20 y the use has diminished, except for mammography, where it is a 

prerequisite for having images of high quality and low radiation dose. 

According to national and European regulations and recommendations, it is 

important to apply the compression technique to obtain the optimal image 

quality and radiation dose in common conventional diagnostic examinations. 

Current experience of compression technique is, however, based on studies 

carried out a long time ago and with analogue imaging techniques. An 

anthropomorphic phantom was used to show the importance of compression in 

conventional X-ray examinations. The patient thicknesses on volunteers with 

and without compression was measured. This measurement was done to 

investigate compression potential on patients and to select suitable phantom 

thicknesses. The X-ray examinations that were included in the study were 

abdomen overview, lumbar spine and the pelvis. The results from the phantom 

study showed a large dependency of the kerma-area product value on the 

phantom thickness. The phantom study suggests that there is a potential for 

significant reduction of radiation dose to the patient by using compression also 

with modern X-ray techniques. A dose reduction of up to 50 % or even more 

may be obtained. 
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Ciraj-Bjelac et al (Ciraj-) evaluated the Radiation burden of patients in 

conventional diagnostic radiology: analysis of radiologic practice in Serbia.X-

rays are by far most significant contributor to total population dose from man-

made sources of radiation. Diagnostic reference levels provide frameworks to 

reduce variability. The aim of this study is to establish, for the first time, a 

baseline for national diagnostic reference levels in Serbia for the most common 

X-ray examination types. Dose estimates are based on measurements of kerma-

area product and Entrance surface air kerma for at least ten patients for each 

examination type, in each of 16 randomly selected hospitals in Serbia. Mean, 

median and third quartile values of patient doses are reported. Results have 

shown wide variation of mean hospital doses. Entrance surface doses were 

compared with previously published diagnostic reference levels. Doses for all 

studied examination types except chest radiography were within European 

DRL. The reasons for dose variation are discussed. The findings emphasize the 

importance of regular patient dose measurement to ensure that patient doses are 

kept as low as reasonable achievable. 

Dierckx D et al (Dierckx)  measured the Patient dose in 50 radiology 

departments in Belgium. In this study, patient dosimetry results since January 

2002 are presented for the following examinations: chest PA and LAT, 

abdomen and pelvis. Since conventional film-based imaging is currently being 

replaced by phosphorplate technology, a comparison between both technologies 
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is made. In some radiology departments, digital imaging is already in use. These 

dosimetry results are also analysed. Dose reductions of >70% can be achieved. 

For the chest examinations, several departments still use fluoroscopy for 

positioning the patient. Results show that about half of the patient dose is due to 

the fluoroscopy. A comparison between the dose results and the European 

Diagnostic Reference Levels (EDRL) is made. 
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Chapter Three: Materials & Methods 

3.1 Patient samples 

This study intended to evaluated the radiation protection in diagnostic radiology 

departments in  hospitals in Khartoum stole (Khartoum, Fedail and police, 

engaze).The data used in this Study was collected from many X-ray centers 

different modalities in these hospitals, For each patient, the  KV ,mA ,mAs,  

Age, weight, height and BMI and techanical of exposure  will be recorded 

.Measurement radiation exposure to patients ; the data has been collected from 

June 2012 to 2014. 

A total of 840 patients were examined in four hospitals in Khartoum state: 

Khartoum Teaching Hospital (KTH) (261), FidailHospital (260), Police 

Hospital (189) andEngaz Medical Center (EMC) (130). The main purpose of 

this study was to evaluate the patients dose during routine radiological 

procedures.  

3.2 X-ray Machines 

 In the present study, three different modalities X-ray machines, from different 

manufacture were used as described in Table 3.1 
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Table 3.1 Type and main characteristics of X- ray machine 

 

3.3   Imaging technique 

Routine X rays examinations consist of two views, the frontal view (referred to 

as posterior anterior PA) and the lateral (side) view.  For chest X rays  it is 

preferred that the patient stand for this exam, particularly when studying 

collection of fluid in the lungs and during the actual time of exposure, the 

technologist usually asks the patient to hold his or her breath. It is very 

important in taking a chest x- ray to ensure there is no motion that could detract 

from the quality and sharpness of the film image.  

3.4  Patient preparation 

There is no advance preparation necessary for routine x rays. A hospital gown is 

used to replace all clothing on the upper body and all jewelry must be removed 

Center Manufacturer 
Manufactu

-ring Date 

Type Focal 

spot 

(mm) 

Total 

Filtiration 

(mm Al) 

Max 

KVp 

Max 

mA 

Max 

time 

(s) 

Year install 

KTH Toshiba 
August 

2003 
fixed 1.2/0.6 2.1l  150 640 1.6 2009 

Fidail Shimadzu 
August 

2007 
fixed 0.3/0.8 2.50 125 250 1.4 2007 

Police Shimadzu 
August 

2007 
fixed 0.3/0.8 2.50 125 250 1.4 2007 

Engaz Shimadzu 
Jan 

2003 

Fixed 

 
0.5 2.5l  150 500 2.2 2005 
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from the examined organ. Upper limbs radiography is the production of x-ray 

images of the fingers, hand, wrist, shoulder and elbow. Before the examination, 

the radiographer explained the procedure to all patients. While lower limbs 

radiography is the production of x-ray images of the foot, leg, ankle and knee 

joint. All examinations were performed according to the technique used in each 

hospital.  

3.5  Absorbed Dose calculations 

ESD which is defined as the absorbed dose to air at the centre of the beam 

including backscattered radiation, measured for all patients using mathematical 

equation in addition to output factor and patient exposure factors. The exposure 

to the skin of the patient during standard radiographic examination or 

fluoroscopy can be measured directly or estimated by a calculation to exposure 

factors used and the equipment specifications from formula below. 

BSF
FSD

xmAsxkVOPxESD
22 100

80
⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛=

 

Where: 

(OP)  is the output in mGy/ (mA s) of the X-ray tube at 80 kV at a focus 

distance of 1 m normalized to 10 mA s, (kV)  the tube potential,( mA s) the 
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product of the tube current (in mA) and the exposure time(in s), (FSD)  the 

focus-to-skin distance (in cm).                                                    

(BSF) the backscatter factor, the normalization at 80 kV and 10 mAs was used 

as the potentials across the X-ray tube and the tube current are highly stabilized 

at this point.  The tube output, the patient anthropometrical data and the 

radiographic parameters (kVp, mA s, FSD and filtration) are initially inserted in 

the software. The kinds of examination and projection are selected afterwards. 

 3.7 Quality control programs for Radiographic Units 

The five types of quality control testes implemented were visual and 

environmental inspection and performances testing to evaluate the performance 

of X- ray generator and x ray tube. The following quality control tests were 

performed by Sudan Atomic Energy Commission [SAEC]:- 

3.7.1 KVp Accuracy 

The multifunction meter was placed on the x-ray table top with source to 

surface distance (SSD) of 75 cm.  Six successive exposures were made using a 

tube voltage of (50 -80) kVpand 10 mAs. The multifunction meter was cleared 

after each exposure, then we measured the kVp error (kVp – kVp measure), the 

acceptance value the mean of kVp error should ±10 %.( Appendix1). 
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Figure 3.5 multifunction 

3.7.2 KVpreproducibility  

The multifunction was placed on the x-ray table top and used source to distance 

of multifunction 100 cm and made some different exposures used factor 70 kV 

first and then we change the (kVp) in any one in exposures. The acceptance 

value should Stander division (SD)≤0.05 (Appendix).                                                               

 

 

3.7.3  Dose Measurement 

The RAD-CHECK puls was placed on the x-ray table top and used source to 

RAD-CHECK distance of 100 cm and made some different exposures used 

factor 70 kV first and10 mAs then we change the (mAs) in any one in exposures. 

The acceptance value should SD≤0.05 (Appendix).                                                                   
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Figure 3.6 RAD-CHECK puls 

3.7.4   Filtration 

The Half Value Layer (HVL) was placed in the x-ray tube and used source to 

RAD-CHECK distance of 100 cm and made some different used HVL rang (0.0-

2.5)increased (0.5). 

3.7.5   Beam Alignment& perpendicularity 

The measure this test usedkilovolt equal 60 miliAmpre second20 and source-

skin -distance 100 we obtained the result of film. 

3.7.6   Survey Meter 

The survey meter shown in figure (3.7) was used to measure the scatter 

radiation and leakage in the control units - out side (door + receptions) and in 

the dark rooms at four centers by measured the dose in higher level of exposure 

in practice there. 
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Figure 3.7 Survey meter 

3.8   Image protocol 

In X- ray imaging the exposure parameters used are selected according to 

patient weight and organ size.  The Standard (FFD) of 100 cm was used for all 

routine examination and the chest X- rays FFD of 180 cm are used for 

geometrical reason. 
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Chapter four: Results 

4.1: Results   

4.1.1: Patients Measurements  

Evaluate Dose in film screen radiography, an over exposure could result into an 

overexposed film (dark). On the other hand, under exposure images can be transformed 

into acceptable images, since smaller number of photons than required has been used 

to produce the image .the noise will be high, but the contrast will be good.   

ESD in this study were calculated using  The software was extensively used for patient 

dose measurements in diagnostic radiology and also produced reliable results (Suliman 

2008). For dose measurement using the software, the relationship between X-ray unit 

current time product (mA s) and the air kerma free in air was established at a reference 

point of 100 cm from tube focus for the range of tube potentials encountered in clinical 

practice. The X-ray tube outputs, in mGy (mA s), were measured using Unfors Xi 

dosemeter (Unfors Inc., Billdal, Sweden).This dosemeter was calibrated by the 

manufacturer and reported to have accuracy better than 5%. ESD is calculated using 

the  according to the following equation.      

BSF
FSD

xmAsxkVOPxESD
22 100

80
⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛=
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The results were tabulated in the Tables (mean ± standard deviation (sd)) and the range 

of the readings in parenthesis. The dose values in diagnostic radiology are small, 

therefore the dose were presented in milli-Gray. The mean and the standard deviation 

were calculated using the excel software & SPSS program. For dose calculation, 

patient individual exposure parameters were recorded (tube voltage (kV), tube current 

and exposure time product (mAs) and Focus to skin distance (FSD). Patient 

demographic data (age, height, weight, BMI) were presented per department. Patients’ 

ESD were measured in four radiology department equipped with imaging conventional 

radiography.  The following routine types of X-ray examination were studied: chest, 

Lumbar spine, knee, etc…. The results are presented per department and for all type of 

ender according to the examination type. The correlation coefficient which is defined 

as a measure of the degree of linear relationship between two variables, usually labeled 

X and Y used in this study to describe the relation between two variables affect patient 

dose ESD(mGy) against tube current time product(mAs) and tube voltage (kV). 

Positive correlation coefficients were obtained between these values. This means if the 

value of mAs or kV increases the value of the ESD increases. 
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Table 4.1:  Patient demographic data in all hospitals 

 

 

 

 

 

 

 

 

 

 

Hospital No Age(year) Weight(kg) Height(m) BMI 

Khartoum 
261 

41.93±15.46 
(18.00-80.00) 

56.82±13.19 
(19-85) 

1.57±0.16 
(1-1.85) 

21.07±1.99 

(18-25) 

Fidel 260 
41.77±2.15 

(14-82) 

54.07±13.55 

(26-80) 

1.58±0.19 

(1.2-1.9) 

21.36±1.82 

(17-25) 

Police 189 
46.80±15.77 

(20-80) 

63.41±12.06 

(35-88) 

1.72±0.15 

(1.3-1.9) 

21.16±1.80 

(18-25) 

Engaz 130 

 

43.18±14.75 

(20.00-76.00) 

63.17±10.64 

(37-86) 

1.72±0.14 

(1.4-1.9) 

21.23±1.63 

(18-25) 

Total 840 
42.86±15.45 

(14.00-80.00) 

58.43±13.28 

(19.00-88.00) 

1.65±0.18 

(1.00-1.90) 

21.21±1.84 

(17.00-25.00) 
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Table 4.2:  Patient gender and demographic data in all hospitals 

 

 

 

 

 

 

 

 

Table 4.3: Exposure factors, dose values and equivalent doses in all hospitals 

Hospital No Kv mAs ESD Eq.dose 

Khartoum 
261 

57.87±8.95 
(43.00-70.00) 

26.20±15.32 
(30.00-80.00) 

0.45±0.03 

(0.03-1.82) 
0.41 ± 0.03 
(0.03-1.67) 

Fidail 260 
62.00±8.35 

(47,00-75.00) 

11.18±6.17 

(4.00-30.00) 

0.21±0.01 

(0.05-0.78) 

0.19±0.01 

(0.05-0.72) 

Police 189 
60.18±10.95 

(40.00-85.00) 

11.49±7.29 

(4.00-35.00) 

0.24±0.06 

(0.4-1.18) 

0.22±0.06 

(0.37-1.09) 

Engaz 130 
59.72±11.29 

(40.00-85.00) 

36.16±23.82 

(10.00-80.00) 

0.61±0.02 

(0.12-2.12) 

0.56±0.02 

(0.11-1.95) 

Total 840 
59.95±9.77 

(40-50) 

19.78±16.62 

(3-80) 

0.35±0.03 

(0.03-2.12) 

0.32±0.03 

(0.03-1.95) 

Eq.dose = ESD* correction factor 

Gander No Age(year) Weight(kg) Height(m) BMI 

Male 
454 

42.94±15.08 
(14.00-
80.00) 

58.40±12.83 
(27.00-
85.00) 

1.21±1.79 
(1.20-1.90) 

21.03±2.00 

(18.00-
25.00) 

Female 383 

42.70±15.89 

(16.00-
18.00) 

58.36±13.78 

(19.00-88.00) 

1.65±0.19 

(1.00-1.90) 

21.19±1.89 

(17.00-
25.00) 

All 
837 

42.82±15.49 
(14.00-
80.00) 

58.38±13.31 
(27.00-
88.00) 

1.43±0.99 
(1.00-1.90) 

21.11±1.95 

(17.00-
25.00) 
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Table 4.4 Comparison between mean(KV) and(mAs) in different examinations in 
All hospital. 

 

Organ/expo Hosp1(KHT) Hosp2(fed) Hosp3(po) Hosp4(Eng) 

Kv mAs ESD  KV mAs ESD KV mAs ESD KV mAs ESD

Chest 64 31 0.63  70 11 0.27 66 12 0.26  65 17 0.45

Hand 47 18 0.19  50 10 0.13 46 7 0.07  43 50 0.44

Knee 48 21 0.23  59 11 0.18 53 8 1.10  52 80 1.04

Leg 52 41 0.12  52 6 0.08 47 7 0.07  63 70 1.30

Shoulder 66 25 0.52  62 12 0.23 63 13 0.26  62 20 0.37

Foot 55 27 0.39  51 6 0.08 50 14 0.05  42 60 0.51

Arm 47 13 0.14  61 5 0.10 47 4 0.06  47 30 0.31

Ankle 47 9 0.10  55 4 0.6 62 11 0.20  55 10 0.14

L/s 65 26 0.63  60 30 0.52 82 32 1.04  83 63 2.04
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Figure 4.1  figure show Relation between  BMI & ESD from All hospitals 

There is  signification difference between the ESD and BMI 

 

 

 

Figure4.2   figure show  Relation between KV& BMI from All hospitals There is No  
signification between the KV and BMI 
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Figure4.3  figure show Relation between  BMI & MAs from All hospitals and There  is 
signification between the MAs and BMI 

 

 

 

Figure4.4   figure show   Relation between KVp and mAs for Male and Femal 

There is no  signification between the MAs and BMI for Male and Femal 
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Figure4.5  figure show is     Relation between mAs and Kvp for chest  from 
different hospitals , There  is   signification between the MAs  and KV 

 

Figure4.6   figure show  Relation between ESD and Kvp for hand   from All hospitals  

And there is  signification between the MAs  and KV 

 

 



78 

 

 

Figure4.7   figure show  Relation between mAs  and Kvp for Hand  from 
different hospitals , There is   signification between the MAs  and KV from hand in 
different hospitals. 

 

 

 

 

Figure4.8   figure show  Relation between ESD and mAs from All hospitals 

There is no  signification between the ESD  and MAs from  different hospitals. 
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Figure4.9   figure show  Relation between KVp and mAs from All  hospitals 

There is    signification between the KV  and MAs from  different hospitals. 

 

Figure4.10   figure show    Relation between KVp and ESD from All hospitals 

There is   signification between the KV  and ESD from  different hospitals. 
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Figure 4-11 show comparison between  ESD TO  four hospitals 
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Chapter five: Discussion 

5.1  Discussion 

Diagnostic X ray gives the largest contribution to the population dose from 

man-made radiation sources. Strategies for reduction of patient doses 

without loss of diagnostic accuracy are therefore of great interest to society 

and have been focused in general terms by the ICRP through the 

introduction of the concept of diagnostic reference levels. The European 

Union has stimulated research in the field, and based on patient dose 

measurements and radiologists, appreciation of acceptable image quality, 

good radiographic techniques have been identified and recommended) for 

conventional imaging . 

This study intends to evaluate the ESD in routine x-ray examination in 

Khartoum state. A total of 840 adults patients were examined in four 

hospitals , 261 patients are exposure in Khartoum Teaching Hospital, 260 

patients are exposure in Fidail Hospital , 189 patients are exposure in Police  

Hospital and 130 patients are exposure in Engaz hospital. 
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The mean of patient gander and demographic,  age, weight, height and body 

mass index to the patients; in all hospital are 42.86, 58.43, 1.65 and 21.21 

respectively .  

The mean of patient gander and demographic for male and femal   age, 

weight, height and body mass index to the patients; in all hospital are 42.82, 

58.38, 1.43 and 21.11 respectively . 

The mean of kVp, mAs, equivalent dose and entrance skin dose to the 

patients; in all hospitals are 59.95, 19.78, 0.35 and 0.32 respectively 

The quality control tests for all hospitals were in acceptable range for work 

during international standard measurements was done by (SAEC) . 

Patient dose in conventional radiography in Fidail hospital were lower than 

other three hospitals, Engaz hospital dose values were higher than the other 

three hospitals. Male patient dose in Fedail hospital were lower than other 

three hospitals, Engaz hospital dose values were higher than the other three 

hospitals too.  patient dose values were lower than the majorities previous 

studies except in Fedail and Police in chest examination were highest one  

hospitals show in table (4.4). 

• The  kVp factor  from all hospitals was higher in Fedail hospital  (62) 

while  it was lower in   Khartoum hospital  (57.8) . 
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• The  mAs factor  from all hospitals was higher in  Engaz hospital 

(36.16) while  it was lower in   Fedail  hospital (11.18) . 

 

• The  ESD  from all hospitals was higher in  Engaz hospital (0.61) 

while  it was lower in   Fedail  hospital (0.21)  . 

 

• The  ESD  for Male all hospitals was higher in  Engaz hospital  (0.57) 

while  it was lower in   Fedail  hospital (0.22) . 

 

• The  ESD  for  Female all hospitals was higher in  Engaz hospital 

(0.65) while  it was lower in   Fedail  hospital (0.20) . 

 

• The  ESD  was higher to   Female was(036)  than Male was(0.35)  in 

all hospital . 

We Observe there is a significant difference between the values of 

radiation dose persecond . Attributed to the different equipment and 

test method in addition to the efficiency of X-ray technician and the 

patient's weight. 

The result of patient dose show small different between four 

hospitals which  indicate the routine quality assurance and quality 

control play important role in the equipment performance.    
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 5.2 Conclusions  

This study provide data that can helps the regulatory authority to establish reference 

dose level for adults diagnostic radiology in Khartoum state and Sudan. Data shows 

asymmetry in distribution due to the different patient characteristics. The results of this 

study were comparable with previous study in Sudan. The usages of slow intensifying 

screen increases the radiation dose to the patient while increase the image quality by 

comparison with the previous study. Further studies are required in order to optimize 

radiation dose and establish local diagnostic reference level DRL.  

This study compared radiation doses to patients undergoing different standard 

radiographic examinations (chest, lumbar spine, knee, etc ….) using conventional 

radiology in four hospitals.The hospitals save money from lower film cost, reduced 

requirement for storage space, and lesser staff required to run the services and 

archiving sections. To overcome this limitation in Sudan, training of staff is important 

in order to get the benefit in patient dose reduction.  
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5.3 Recommendations  

• Patient dose measurements are important in order to define local diagnostic 

reference level. 

•  All technologists should be well trained in patient dosimetry aspects.  

• A dedicated X ray machines for pediatric patients is important for pediatric dose 

optimization.  

• Routine quality control and quality audit is recommended 

• A national study is required to establish a national diagnostic reference level in 

Sudan. 

• If we reducing  the  KV  we can to reduce the dose without loss the Diagnostic 

Radiology(acceptable Dose acceptable  Image). 
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Table 4.13: Exposure factors, dose values and equivalent doses for organ in 

Khartoum Teaching Hospital 

 

Organ No Kv mAs ESD Eq.dose 

Chest 100 

 

64.38±5.21 

(50.00-70.00) 

31.92±19.00 

(3.00-80.00) 

0.63±0.04 

(0.03-1.82) 

0.58±0.04 

(0.03-1.7) 

Hand 
20 

 

47.45±3.80

(43.00-56.00) 

18.60±8.96

(10.00-42.00) 

0.19±0.08 

(0.09-0.40) 

0.17±0.07 

(0.08-0.37) 

Knee 
 

20 

48.55±1.32 

(47.00-50.00) 

 

21.100±12.54 

(3.00-50.00) 

0.23±0.01 

(0.03-0.58) 

0.21±0.01 

(0.03-0.53) 

Leg 
 

20 

52.60±4.60

(49.00-60.00) 

41.75±2.45

(40.00-45.00) 

0.12±0.05 

(0.45-0.07) 

0.11±0.05 

(0.41-0.06) 

Shoulder 
 

20 

66.55±1.82

(65.00-70.00) 

25.25±3.79

(20.00-35.00) 

0.52±0.01 

(0.39-0.08) 

0.48±0.01 

(0.36-0.07) 

Foot 
 

20 

55.55±4.29

(50.00-65.00) 

27.00±4.10

(20.00-35.00) 

0.39±0.01 

(0.23-0.07) 

0.36±0.01 

(0.21-0.06) 

Arm 
 

20 

47.45±2.45

(44.00-50.00) 

13.25±2.83

(10.00-20.00) 

0.14±0.04 

(0.09-0.23) 

0.13±0.04 

(0.08-0.21) 

Ankle 
 

21 

47.09±3.11

(43.00-55.00) 

9.00±2.88

(6.00-20.00) 

0.10±0.05 

(0.05-0.28) 

0.092±0.05 

(0.05-0.26) 

Ls 
 

20 

65.65±5.42

(55.00-70.00) 

26.00±3.76

(20.00-30.00) 

0.53±0.01 

(0.28-0.86) 

0.49±0.01 

(0.26-0.79) 
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Table 4.14: Exposure factors, dose values and equivalent doses for organ in 

Fidail Hospital 

 

Organ No Kv mAs ESD Eq.dose 

Chest 100 

 

70.65±1.59 

(69.00-74.00) 

11.68±0.968 

(10.00-12.50) 

0.27±0.02 

(0.22-0.32) 

0.25±0.02 

(0.20-0.29) 

Hand 
20 

 

50.50±1.54

(50.00-55.00) 

10.85±0.745

(10.00-12.00) 

0.13±0.02 

(0.12-0.14) 

0.12±0.02 

(0.11-0.13) 

Knee 
20 

 

59.00±5.98

(5o.00-70.00) 

11.25±0.911

(10.00-12.00) 

0.18±0.03 

(0.13-0.25) 

0.17±0.03 

(0.12-0.23) 

Leg 
20 

 

52.30±3.08

(50.00-58.00) 

6.00±0.00

(6.00-6.00) 

0.08±0.01 

(0.7-0.9) 

0.07±0.01 

(0.64-0.83) 

Shoulder 
20 

 

62.30±2.62

(60.00-66.00) 

12.50±0.00

(12.50-12.50) 

0.23±0.02 

(0.21-0.25) 

0.21±0.02 

(0.19-0.23) 

Foot 
20 

 

51.05±2.77

(47.00-55.00) 

6.78±0.256

(6.50-7.00) 

0.08±0.01 

(0.7-0.10) 

0.07±0.01 

(0.64-0.09) 

Arm 
20 

 

61.60±2.21

(60.00-65.00) 

5.60±0.00

(5.60-5.60) 

0.10±0.01 

(0.9-0.11) 

0.09±0.01 

(0.83-0.10) 

Ankle 
20 

 

55.55±3.22

(50.00-60.00) 

4.00±0.00

(4.00-4.00) 

0.6±0.01 

(0.5-0.7) 

0.55±0.01 

(0.46-0.64) 

Ls 
20 

 

60.50±6.89

(50.00-75.00) 

30.00±0.00

(30.00-30.00) 

0.52±0.12 

(0.35-0.78) 

0.48±0.11 

(0.32-0.72) 
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Table 4.15: Exposure factors, dose values and equivalent doses for organ in 

police Hospital 

Organ No Kv mAs ESD Eq.dose 

Chest 
70 

66.44±3.70 

(60.00-70.00) 

12.17±3.25 

(7.00-16.00) 

0.26±0.02

(0.12-0.36) 
0.24±0.02 

(0.11-0.33) 

Hand 
 

15 

46.64±4.125 

(4.00-50.00) 

6.92±0.916 

(5.00-8.00) 

0.07±0.01

(0.4-0.9) 

0.06±0.01 

(0.37-0.83) 

Knee 15 

 

53.13±2.133 

(50.00-55.00) 

7.20±0.86 

(6.00-8.00) 

1.10±0.18 

(0.7-0.11) 

1.01±0.17 

(0.64-0.10) 

Leg 15 
47.73±2.08 

(45.00-50.00) 

6.93±0.799 

(6.00-8.00) 

0.07±0.01

(0.6-0.9) 

0.06±0.01 

(0.55-0.83) 

Shoulder 15 
63.33±2.26 

(60.00-65.00) 

13.93±1.39

(12.00-15.00) 

0.26±0.04

(0.20-0.29) 

0.24±0.04 

(0.18-0.27) 

Foot 15 
5.07±0.799 

(4.00-6.00) 

47.67±2.58

(45.00-50.00) 

0.05±0.01

(0.4-0.7) 

0.05±0.01 

(0.4-0.64) 

Arm 15 
47.67±2.58

(45.00-50.00) 

4.47±0.561

(4.00-5.00) 

0.05±0.01

(0.4-0.6) 

0.05±0.01 

(0.4-0.55) 

Ankle 15 
62.47±2.19 

(60.00-65.00) 

11.20±0.941

(10.00-12.00) 

0.20±0.03

(0.17-0.24) 

0.18±0.03 

(0.16-0.22) 

Ls 15 

82.60±2.53 

(80.00-85.00) 

 

32.67±2.58 

 

(30.00-35.00) 

1.04±0.01 

(0.89-1.18) 

 

0.96±0.01 

(0.82-1.1) 
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Table 4.16: Exposure factors, dose values and equivalent doses for organ in 

Engaz Hospital 

 

Organ No Kv mAs ESD Eq.dose 

Chest 50 
 

65.08±4.04 
(60.00-70.00) 

17.40±2.41 
(12.00-20.00) 

0.44±0.08 

(0.20-0.46) 
0.40±0.07 
(0.18-0.42) 

Hand 10 
43.40±2.01 

(40.00-45.00) 

50.00±0.00 

(50.00-50.00) 

0.44±0.04 

(0.37-0.47) 

0.40±0.04 

(0.34-0.43) 

Knee 10 

 

52.80±2.49 

(50.00-55.00) 

80.00±0.00 

(80.00-80.00) 

1.04±0.09 

(0.93-1.13) 

0.96±0.08 

(0.86-1.04) 

Leg 10 
63.20±1.93 

(60.00-65.00) 

70.00±0.00 

(70.00-70.00) 

1.30±0.08 

(1.17-1.38) 

1.20±0.07 

(1.08-1.68) 

Shoulder 10 
62.80±2.49 

(60.00-65.00) 

20.00±0.00 

(20.00-20.00) 

0.37±0.01 

(0.33-0.39) 

0.34±0.01 

(0.30-0.36) 

Foot 10 
42.60±1.78 

(40.00-45.00) 

60.00±0.00 

(60.00-60.00) 

0.51±0.02 

(0.45-0.56) 

0.47±0.02 

(0.41-0.52) 

Arm 10 
47.20±3.82 

(40.00-50.00) 

30.00±0.00 

(30.00-30.00) 

0.31±0.05 

(0.22-0.35) 

0.29±0.05 

(0.20-0.32) 

Ankle 10 
55.50±4.38 

(50.00-60.00) 

10.00±0.00 

(10.00-10.00) 

0.14±0.22 

(0.12-0.17) 

0.13±0.20 

(0.11-0.16) 

Ls 10 
83.40±2.01 

(80.00-85.00) 

63.00±0.00 

(63.00-63.00) 

2.04±0.1 

(1.87-2.12) 

1.88±0.1 

(1.72-1.95) 
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