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Abstract 

 

 

Patient dose monitoring was formalized in the national protocol for patient dose 

measurement in Diagnostic Radiology. 

Entrance Skin Dose (ESD) and Effective Dose (ED) have been measured for 

pediatric patient under going some routine pediatric x-ray examinations in five 

Hospitals in Sudan namely (Ahmed Gasim for Paediatric Hospital, Khartoum state for 

main Paediatric Hospitals (Om durman , Khartoum ,Ah Gassim , Ab naof) Paediatric 

Hospitals . 

Tow examination projection have been investigated, namely Anterior Posterior 

(AP) and Posterior Anterior (PA). 

Patient were classed into three different age groups 0-2 year, 2-5 year, 

 5-15 year. 

  The results have been obtained with the use of the TLD as first time in 

sudan . The Mean of ESD and thyroid dose are represented and comparisons were 

made between these dose and international standard dose, local study ,also between 

doses and those from other counters.  

The Mean of ESD and ED in Ah Gasim and khartum Hospital are higher than 

than Reference Dose, and low than  other Counters. 

The reason for the higher does have been discussed and suggestions are given to 

reduced doses to pediatric patient during x-ray examination especially in developing 

Countries. 
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CHAPTER ONE 

1.1 General introduction 

Scientific research is ever devolving day after day specially in the field of patient 

dosimetery in radiology as effective diagnostic tools as well as therapeutic. 

Patient Radiation dosimetery is an important deal in both diagnostic and therapeutic 

departments. The aim is to emphasis that precautions should be taken to limit radiation 

doses to patient, worker and co-patient as well as to members of the public. 

In pediatric radiology, infants and children constitute 10% of the total number of 

radiological examinations. Neonates and children are more sensitive to ionizing 

radiation than adults, having a risk of developing a radiation-induced cancer, 

hereditary effects or other serious disorders two to three times that of adults because of 

their greater cell proliferation rate and long life span expectancy [1]. 

1.2 Problem of the study: 

There are inadequate protection measures taken at pediatric radiology department 

in Khartoum state ,Sudan with respect to patient. 

1.3 Hypotheses: 

     Appropriate safety precautions at the facilities was followed during pediatric 

diagnostic x-ray radiology  procedures in Khartoum state departments as described in 

the code of practice in radiology  issued by international references. 

1.4 General Objective of the study:  

This study has been conducted in view to achieve the ESD measurement and risk 

estimation of radiological pediatric patient in main four hospitals in Khartoum state.  
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1.5 Aims of the present study: 

The aims of this thesis are to: 

1. Measure and evaluate the radiation dose to the patients using TLDs during 

routine pediatric imaging according to the protocol used at different radiological 

departments. 

2. Optimize the radiation dose to pediatric patients during (i) chest (ii) abdomen 

(iii) skull and (iv) Limbs 

3. Estimate the risk of the aforementioned procedures. 

4. Evaluate entrance surface dose (ESD), organ and surface dose to specific 

radiosensitive organs patients (0 to 12) years old. 

5. Reduce the dose for patients, co-patient and staff and its related risks. 

6. Propose a local diagnostic reference level (DRL). 

 

1.6 Methodology: 

Type of the study: field study 

Study area: pediatric radiology departments in Khartoum state 

 Omdurman Pediatric hospital. 

 Ahmed Gasim Pediatric hospital. 

 Ab naof Pediatric hospital. 

 Khartoum Pediatric hospital. 

Source of data: Direct measurement, interviews, references, chick list. 

1.7 Material and methods: 

 A group of TLDs of (LiF :Mg.Ti ) to determine surface skin  Dose (air kerma) of 

patient. 

 X-ray machine for pediatric radiology. 

 TLD reader machine with an annealing oven. 

 Samples of Rutine Exam pediatric patients. 
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 1.8. Thesis outline: 

This thesis is concerned with the assessment of radiation dose measurements and 

its related risks during pediatric radiography.  

 Accordingly, it is divided into the following chapters:  

Chapter-1     Introduction 

Chapter-2    Pediatric dosimetery in x-ray diagnostic radiology 

Chapter-3    Materials and Method 

Chapter-4    Results and Discussion 

Chapter-5    Conclusion and Recommendations. 
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CHAPTER TWO 

2.1 Historical perspective: 

Radiation protection in pediatric radiology deserves special attention as 

children are supposed to be more sensitive to radiation than adults. United 

Nation Scientific Committee  on Effects of Atomic Radiation (UNSCEAR) has  

reported  that  children  exposed  to radiation  at an age below 5 y are 2- to 3-fold 

sensitive when compared  with adult  . It is therefore important that radiation dose 

to children arising from diagnostic medical exposure is minimized [1]. The aim 

of the present work was to evaluate the radiation dose delivered to pediatric 

patients in some common X-ray examinations in Khartoum state. It was 

motivated by the increasing concerns about  the risk to infants and children  from  

ionizing  radiation,  particularly   in  a country  with a lower health-care  

infrastructure such as Sudan. In Sudan, as in many other developing countries, 

not much data are available on radiation doses in diagnostic radiology and 

pediatric X-ray examinations in particular. For example, in Sudan to the  best  

of our  knowledge,  the  only  available dosimetric  data  for pediatrics  are  those  

from  the  chest  examinations .The entrance  surface dose (ESD) for the  skull  

anteroposterior (AP)/posteroanterior  (PA), skull lateral  (LAT),  pelvis AP, 

abdomen  and  lumbar spine presented  in this study  are  determined  for the 

first time. Comparison with reference doses and previous studies should help 

optimizing radiographic examinations in these hospitals.  The results presented 

will serve as a baseline data needed for deriving reference dose levels DRLs for 

pediatric X-ray examinations in Sudan [2]. 

2.2 Literature Review: 

       Rouby, M et al [2] were measured the radiation exposure of children in 

pediatric radiology. Doses achieved during the X-ray examination of the chest. 

This study intended in reconstruction of the entrance dose from radiographic 

settings and exposure data acquired during chest X-ray examinations of children 

of various age groups performed at Dr. von Hauner's Kinderspital (children's 

hospital of the university of Munich, DvHK), between 1976 and 2007. 

Comparison of these entrance doses with dose values published by other 

radiological departments. The study used all relevant data of all X-ray 
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examinations performed since 1976 at DvHK, in particular the individual 

radiographic settings and dose measurements (dose area product), were stored 

electronically in a database. After 30 years of data gathering, the database now 

covers 305,107 radiological examinations (radiographs and fluoroscopies), 

especially 119 150 chest radiographs of all age groups. With the computer 

program PADOS developed by the authors, a specific algorithm was created to 

calculate radiation doses from the database using the individual dose area product 

values and other known exposure parameters. 

      The entrance dose values of the chest X-rays at DvHK were able to be reduced 

in the last 30 years by a factor of 2 to 3 depending on the patients' age group and 

the beam projection. In our sample, the measured dose values for chest X-rays 

were far below the reference dose levels set by the Bundesamt für Strahlenschutz 

(BfS) in 2003 and far below the entrance dose values reported by other 

radiological departments in Europe as well. Nevertheless, in the last years an 

increase in the entrance doses has been observed that easily corresponds to the 

introduction of a digital storage phosphor system in the department. The study 

found that the Chest radiography of X-ray examination was at a very low dose 

level. However, because of its frequency, it makes a notable contribution to the 

collective radiation risk of the population. Therefore, for the reduction of the 

collective radiation exposure, the optimization of the dose level required by chest 

X-rays continues to be of great importance. A reduction can be achieved with a 

consistent and simultaneous optimization of beam quality, exposure field and 

image processing system. Because of the statistically relevant number of analyzed 

cases, the entrance dose values presented in this paper can provide a basis for the 

definition of new reference dose levels [3]. 

 



 

 

         Gialousis, G; et al [4] measured the radiation dose during radiological 

Examination for Scoliosis in Children among two pediatric hospitals by Monte Carlo 

Simulation.This research article summary published 2009,goal in the radiation 

exposures of children undergoing full spine radiography were investigated in two 

pediatric hospitals in Greece. Entrance surface kerma ,was assessed by 

thermoluminescence dosimetry and patient's effective dose (E) was estimated by 

Monte Carlo simulation. All required information regarding patient age and sex, the 

irradiation geometry, the X-ray spectra, and other exposure parameters (tube voltage 

and current) were registered as well. Values of Kerma were measured to range from 

0.22 mGy to 2.12 mGy, while E was estimated to range from 0.03 mSv to 0.47 mSv. 

In general, all values were greater in one of the two hospitals, as higher tube currents 

and exposure times were used in the examinations because of the difference in 

radiographers' training and practice. Moreover, dose to red bone marrow was found to 

be between 0.01 to 0.23 mSv and dose to breast ranged between 0.02 and 1.05 mSv 

depending on the age, projection, and hospital. These values are comparable with 

literature sources [4]. 

          Zur Strahlenexposition von Kindern in der pädiatrischen Radiologie was 

mesuered the  Radiation exposure of children in pediatric radiology organ doses in 

chest radiography.   The purpose of study is: Reconstruction of organ doses of 

selected organs and tissues from radiographic settings and exposure data collected 

during chest X-ray examinations of children of various age groups performed in Dr. 

von Hauner's Kinderspital (children's hospital of the University of Munich, DvHK) 

between 1976 and 2007. the material and method use in this study are: The dosimetric 

data of all X-ray examinations performed since 1976 at DvHK were stored 

electronically in a database. After 30 years of data collection, the database now 

includes 305 107 radiological examinations (radiographs and fluoroscopies), 

especially 119 150 chest radiographs of all age groups. Reconstruction of organ doses 

in 40 organs and tissues in X-ray examinations of the chest was performed based on 

the conversion factor concept. Sudy result to : The radiation exposure of organs in 

projection radiography is determined by the exact site of the organs relative to the 

edges of the X-ray field and the beam direction of X-rays. Optimal collimation in 

chest radiography can reduce the exposure of organs located at the periphery of the 
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X-ray field, e. g. thyroid gland, stomach and partially the liver, by a factor of 2 to 3, 

while organs located in the center of the X-ray-field, e. g. thymus, breasts, lungs, 

esophagus and red bone marrow, are not affected by exact collimation. The study was 

concluded to : The high frequency of the roentgen examination of the chest in early 

age groups increases the collective radiation burden to radiosensitive organs. 

Therefore, radiation protection of the patient during chest radiographies remains of 

great importance [5]. 

       Other study was measured the Organ Doses and Effective Doses in Pediatric 

Radiography by  Patient-Dose Survey in Finland.The Purpose of study is to provide 

comparative information on pediatric examination protocols and patient doses in 

skull, sinus, chest, abdominal and pelvic radiography examinations. 

            Study was used 24 hospitals were asked to register pediatric examination data, 

including patient information and examination parameters and specifications. The 

total number of examinations in the study was 1916 (1426 chest, 228 sinus, 96 

abdominal, 94 skull, and 72 pelvic examinations). Entrance surface dose (ESD) and 

dose-area products (DAP) were calculated retrospectively or DAP meters were used. 

Organ doses and effective doses were Results of study was considerable variation in 

examination protocols between different hospitals, indicating large variations in 

patient doses. Mean effective doses of different age groups ranged from 5 µSv to 14 

µSv in skull and sinus examinations, from 25 µSv to 483 µSv in abdominal 

examinations, and from 6 µSv determined using a Monte Carlo program (PCXMC).to 

48 µSv in chest examinations. Study was concluded that the in chest and sinus 

examinations, the amount of data was extensive, allowing national pediatric 

diagnostic reference levels to be defined. Parameter selection in pediatric examination 

protocols should be harmonized in order to reduce patient doses and improve 

optimization [6]. 

   Outher     An important study was conducted in Nigeria regarding the  radiological 

parameters and radiation doses of patients undergoing abdomen, pelvis and lumbar 

spine X-ray examinations in three Nigerian hospitals . 

                The authors used thermo-luminescent dosimeters (TLDs) to ESDs of 

patients undergoing pelvis, abdomen and lumbar spine diagnostic X-ray examinations 

in Nigeria. A total of three public hospitals and 171 patients were included in this 

investigation. The ages of the patients involved were from 40 years to 85 years, while 
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their weights ranged from 64 kg to 73 kg. Mean, median, first and third quartiles of 

ESDs were reported. The results showed that in most cases, for each of the 

examinations, the individual ESD values are found to be comparable with, and higher 

than, those from Ghana and Tanzania, respectively. The mean ESD values are also 

found to be within the range of mean ESD values that have been previously been 

reported from countries outside Africa. When compared with the European 

Community (EC) reference values, the mean ESDs were found to be below the 

reference values in only two of the hospitals. The ranges found in this work are high 

and this indicates more attention needs to be given to X-ray facilities in the country. 

That also suggested that radiographic departments need to review their radiographic 

practices in order to bring their doses to optimum levels. Effective doses were also 

calculated from the ESD values. The mean doses were found to be generally low 

when compared with those found in the literature from other countries including two 

African countries. The radiographic parameters used for all the patients were also 

compared with the European criteria. It is recommended that the tube filtration at one 

hospital be increased. The importance of good regulatory activities and trained 

personnel is stressed in that work. Apart from the fact that the data provided in that 

work will be useful for the formulation of national guidance levels [ 7]. 

2.3 Type of radiology: 

              Medical radiology can broadly be categorized into three general areas of 

application [8] . 

2.3.1 Diagnostic Radiology: 

             The most widespread use of radiation remains .Imaging with X rays utilizes a 

range of techniques. The most well established and common technique is 

conventional radiography, in which a static image of the X ray beam is captured, after 

transmission through the patient, using a film sandwiched between intensifying 

screens in a cassette. Real time imaging is provided by fluoroscopy, where generally 

an electronic image intensifier is used to detect the X ray beam and images are 

displayed on a TV monitor. This is used, for example, in studies of the 

gastrointestinal (GI) tract commonly known as barium meals and barium enemas, 

where barium is introduced into the stomach or colon to enhance image contrast. In 
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the 1970s, diagnostic radiology was literally revolutionized with the development of 

computed tomography (CT). This utilizes a rotating fan beam of X rays, a bank of 

detectors and a computer to reconstruct high quality cross-sectional images of the 

patient. Continuing technological developments, such as spiral (or helical) scanning, 

multislice scanners and CT fluoroscopy, have improved both the speed and the 

quality with which images are obtained and have fuelled a steady growth in CT. 

            CT represents one of the earliest forms of digital X- ray imaging, in which 

images are captured and stored in a digital format. More general developments in 

digital radiology include digital fluorography based on the image intensifier, 

computed radiography (CR) utilizing a special storage phosphor plate and, most 

recently, active matrix detectors of amorphous selenium or silicon. Such digital 

imaging provides key advantages in the manipulation, storage and transmission of 

images. For example, images taken before and after an intravenous injection of iodine 

can be subtracted so as to provide a clear image of the blood vessels, known as a 

digital subtraction angiogram. The advances in imaging and in catheter technology 

have facilitated the development of interventional radiological techniques, in which 

imaging is used to help guide therapeutic procedures. For example, angioplasty 

involves placing and expanding a balloon catheter inside a blood vessel so as to dilate 

the vessel and improve blood flow. Interventional radiology uses ionizing radiation to 

guide small instruments through body parts [8]. 

2.3.2 Nuclear medicine: 

          This involves the administration of radio nuclides to patients, by injection, 

inhalation or ingestion, broadly as a biological tracer technique to study organ or 

tissue function. Diagnostic nuclear medicine is more about physiology and pathology 

than anatomy. The techniques hinge on incorporating a suitable radionuclide into a 

pharmaceutical appropriate to the nature of the investigation [8]. 

2.3.3 Radiotherapy: 

          Radiation is used in a quite different manner in where the clinical intention is to 

deliver cytotoxic levels of dose to well defined target volumes of the patient to effect 

treatment , which is particularly important in the treatment of malignant disease [8]. 
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2.4 Pediatric diagnostic radiology (X-ray): 

         The diagnostic x ray study may be helpful in diagnosing almost all diseases that 

affect the children and infants. It may also be helpful in ruling out diseases in patients 

with unexplained abdominal complaints. There are several different indications for 

pediatric X rays, which include, but are not limited to: 

1. Suspected or known small bowel obstruction. 

2. Neoplasm (cancers). 

3. Inflammatory diseases. 

4. Pre and Post surgical [9].  

2.4.1. Common pediatric pathology requiring radiological 

imaging: 

            Although some disease seen in pediatrics are the same as that in adults, there 

are many conditions which are seen only in infants. The specialty has to take in 

account the dynamics of a growing body, from pre-term infants to large adolescents 

such as : Wilms' tumour,Congenital abnormalities ,Osteo sarcoma, Meningitis and 

Infant respiratory distress syndrome [10]. 

2.4.2. Chest x-ray radiology: 

  Chest X-rays may be used to assess heart status (either directly or indirectly) by 

looking at the heart itself, as well as the lungs. Changes in the normal structure of the 

heart, lungs, and/or lung vessels may indicate disease or other conditions. Conditions 

which may be assessed with a chest X-ray may include, but are not limited to:heart 

enlargement (which can occur with congenital heart defects or cardiomyopathy), 

pericardial effusion - a build up of excess fluid in-between the heart and the membrane 

that surrounds it, often due to inflammation , Also the pleural effusion - a collection of 

blood or fluid around the lung , and "fluid in the lungs," known as pulmonary edema 

(which can occur with congenital heart disease or congestive heart failure) pneumonia and 

other lung diseases [10]. 

 

http://en.wikipedia.org/wiki/Wilms'_tumour
http://en.wikipedia.org/wiki/Congenital_abnormalities
http://en.wikipedia.org/wiki/Osteosarcoma
http://en.wikipedia.org/wiki/Meningitis
http://en.wikipedia.org/wiki/Infant_respiratory_distress_syndrome
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2.4.2.1 Pediatric chest Patient preparation and image technique: 

            Depending on the age of your patient, different approaches can be made. 

Before the patient and/or parent arrive in the room, you should have all equipment set 

up in advance. Make sure to have an extra lead apron for a parent if they wish to 

remain in the room with the child. Be sure to communicate with the parent about 

immobilization techniques and requirements of the procedure. Don't forget to ask the 

mother if there's a possibility she could be pregnant before letting her assist, then all 

radio opaque clothes removed from the radiation field and the patient was 

immobilized with suitable tools. 

The table-top attempt: 

 Place an 8x10 or 10x12 cassette in a grid holder at one end of the table. At the 

other end, align the X-ray tube horizontally to the cassette.  

 Have mother or Prather put the lead on and have a small lead apron for the 

patient (a thyroid shield will work on small patients). 

 for the AP chest, Place the patient's back against the cassette and the shield 

over their lap. Mom or dad can hold the arms to the side, grasping mid-

humerus, and making sure to keep the child's back flat against the cassette. 

 

Fig 2.1 The table-top attempt [11] 

 Increase the kV by 10% and double my mAs from the AP to the lateral, but 

everyone has a different rule of thumb. 

 At three years old, the pediatric patient may be cooperative, you may be able to 

provide a foot-stool and stand them at the upright bucky, shown in Fig  (2.2). 

 For the AP projection, the patient was laid on the table directly in front of the 

bottom of the X-ray tube at the reference FFD. 

 Requires immobilization For absolutely uncooperative patient [11]. 
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Fig 2.2 patient immobilization [11] 

 

2.4.3. Abdomen X-ray radiography: 

    An abdomen X-ray is similar to the chest X-ray except the part of the body being 

radiographed is different. The child is usually lying down on the table. 

2.4.4  Skull x- rays radiography: 

Skull x rays are performed to examine the nose, sinuses, and facial bones. These 

studies may also be referred to as sinus X- rays. X-ray studies produce films, also 

known as radiographs, by aiming X- rays at soft bones and tissues of the body. X-ray 

beams are similar to light waves, except their shorter wavelength allows them to 

penetrate dense substances, producing images and shadows on film[11 ].  

2.4.4.1 Common clinical indication 

Diagnosis of sinusitis, or sinus infection. 

 Injury or disease. The skull X-ray should clearly show the entire skull, jaw 

bones, and facial bones. 

 Diagnosis the tumors in facial bones, tissues, or sinuses. Tumors may be 

benign (not cancerous) or malignant (cancerous). 

 Birth defects (referred to as congenital anomalies) may be detected on a skull 

X-ray by changes in bone structure. Abnormal tissues or glands resulting from 

various conditions or diseases may also be shown on a skull radiograph. 
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2.4.4.2. Preparation and technique: 

      There is no preparation for the patient prior to arriving at the radiology 

facility. Patients will be asked to remove jewelry, dentures, or other metal objects that 

may produce artifacts on the film. The referring doctor or x ray technologist can 

answer any questions regarding the procedure 

In many instances, particularly for sinus views, the patient will sit upright in a 

chair, perhaps with the head held stable by a foam vise. A film cassette is located 

behind the patient. The x ray tube is in front of the patient and may be moved to allow 

for different positions and views. A patient may also be asked to move his or her head 

at various angles and positions. 

In some cases, technologists will ask the patient to lie on a table and will place 

the head and neck at various angles. In routine skull x rays, as many as five different 

views may be taken to allow a clear picture of various bones and tissues. The length 

of the test will vary depending on the number of views taken, but in general, it should 

last about 10 minutes. The technologist will usually ask a patient to wait while the 

films are being developed to ensure that they are adequate before going to the 

radiologist [12].  

2.4.4.5. Limbs (legs and wrist) X-ray radiology: 

There are some Common indications for limbs (legs and wrist) lead to X-ray 

radiology in pediatric paints; the bone X-ray is used to: 

 Diagnose broken bones or joint dislocation.  

 Demonstrate proper alignment and stabilization of bony fragments following 

treatment of a fracture.  

 Guide orthopedic surgery, such as spine repair/fusion, joint replacement and 

fracture reductions.  

 Look for injury, infection, arthritis, abnormal bone growths, bony changes 

seen in metabolic conditions.  

 Assist in the detection and diagnosis of bone cancer.  

 Locate foreign objects in soft tissues around or in bones [12]. 

 

http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=3
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=26
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=285
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 2.4.5.1 Preparations and technique: 

          Ask the patient  to remove some or all of your clothes and to wear a gown 

during the exam. You may also be asked to remove jewelry, eye glasses and any 

metal objects or clothing that might interfere with the X-ray images. 

The technologist, an individual specially trained to perform radiology examinations, 

positions the patient on the X-ray table and places the x-ray film holder or digital 

recording plate under the table in the area of the body being imaged.When necessary, 

sandbags, pillows or other positioning devices will be used to help you maintain the 

proper position. A lead apron may be placed over your pelvic area or breasts when 

feasible to protect from radiation. You must hold very still and may be asked to keep 

from breathing for a few seconds while the X-ray picture is taken to reduce the 

possibility of a blurred image. The technologist will walk behind a wall or into the 

next room to activate the X-ray machine. You may be repositioned for another view 

and the process is repeated. Two or three images (from different angles) will typically 

be taken around a joint (knee, elbow or wrist).  An X-ray may also be taken of the 

unaffected limb, or of a child's growth plate (where new bone is forming), for 

comparison purposes. When the examination is complete, you will be asked to wait 

until the radiologist determines that all the necessary images have been obtained .A 

bone X-ray examination is usually completed within five to 10 minutes [12]. 

2.5  Radiation risk and biological effects: 

Risk usually means a possibility of danger or the potential for an undesirable 

event. The probability of such events often can be measured and quantified by 

scientific studies. 

Exposure has two components: first radiation from the radioactive substances 

in his surroundings and with his body, and second, cosmic radiation reaches the earth 

from the space. Ionizing radiation  when interact with matter will produce electrons, 

These electrons ionize, excite and lead to chemical and molecular changes .radiation 

can also produce free radicals, which are unpaired electrons that are chemically 

reactive .these radicals can also damage tissue, as a result the constituents of the body 

cell will be affected .thus, human body will result in biological damage which may 

appear as clinical symptoms  .An acute dose ,delivered in a short time is more 

harmful, the chronic dose delivered over period of time . the radiation effects which 

manifest themselves soon after irradiation are called early effects ,the effects manifest 

http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=18
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after a period of time are called late effects. The harmful effects of radiation may be 

classified as: [13] 

2.5.1  Deterministic effects 

     Deterministic effects is one which increase in severity with increasing 

absorbed dose in affected individuals which appear at a high doses>0.5Gy and 

generally result ing the cells death ,and they are characterized by a threshold 

dose,below which the effect dose not occur deterministic effects include skin 

erythema, epillation, organ atrophy ,fibrosis, cataract induction, blood changes and 

reduction in sperm count, etc:[13]. 

2.5.2 Stochastic effects: 

A stochastic effect is one in which the probability of occurrence increases 

with increasing absorbed dose rather than its severity, which are very important at 

low doses <0.5Gy .stochastic means random  and the severity of the stochastic effect 

is independent of the radiation dose .as the radiation dose  increase ,the change of the 

effect occurring increases and it has no threshold dose ,may occur at low doses and 

the effect may be seen only at later period (10-30 years) these risk are dependent on 

sex and age at exposure. Examples are carcinogenesis and genetic effect .stochastic 

effects are further classified into clasifictions:- 

2.5.2.1 Somatic effects: 

Produced in an exposed individual during his life time which depend on the 

amount of radiation, the part of the body irradiated and the age of person. In general 

the younger the person, the more hazardous the radiations [13]. 

2.5.2.2 Genetic effects: 

The radiation effects produced successive generation of the exposed 

individual. and results of radiation exposure in the gonads and consist of mutations in 

the reproductive cells that affect later generations [13]. 

2.5.3  Effects on the embryo and fetus: 

            In addition to deterministic and stochastic health effects in adults, other health 

effects may occur in infants due to exposure of the embryo or fetus to radiation. 

These effects include a greater likelihood of leukemia (stochastic effect) and, for 

exposure above various threshold dose values. When she exposed to high radiation 

during the first trimester (20-40days after conception). Severe mental retardation and 
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congenital malformations (deterministic effect) can occur .the fatal risk depends on 

the gestation period of the pregnant woman  [13]. 

2.6  Radiation dosimetery:        

Radiation dosimetery 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. 

Dose is reported in gray (Gy) for the matter or sieverts (Sv) for biological tissue, 

where 1 Gy or 1 Sv is equal to 1 joule per kilogram. Non-SI units are still prevalent as 

well, where dose is often reported in rads and dose equivalent in rems. By definition, 

[14]. 

2.6.1 Radiation detection and dosimetery: 

Radiation measurements and investigations of radiation effects require various 

specifications of the radiation field at the point of interest. Radiation dosimetry deals 

with methods for a quantitative determination of energy deposited in a given medium 

by directly or indirectly ionizing radiations [ 14]. 

2.6.1.1 Absorbed dose: 

           The absorbed dose is energy (by joules or Ergs) deposited per unit mass. 

Absorbed dose is a non-stochastic quantity applicable to both indirectly and directly 

ionizing radiations ,the unit of radiation protection is Seivert (Sv) [ 14]. 

http://en.wikipedia.org/wiki/Absorbed_dose
http://en.wikipedia.org/wiki/Ionizing_radiation
http://en.wikipedia.org/wiki/Health_physics
http://en.wikipedia.org/wiki/Medical_physics
http://en.wikipedia.org/wiki/Gray_(unit)
http://en.wikipedia.org/wiki/Sievert
http://en.wikipedia.org/wiki/Joule
http://en.wikipedia.org/wiki/SI
http://en.wikipedia.org/wiki/Rad_(unit)
http://en.wikipedia.org/wiki/Rontgen_equivalent_man
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2.6.1.2. Dose equivalent: 

The radiation protection unit is called dose equivalent and its traditional unit is 

REM (Rad Equivalent Mean). 

2.6.1.3 Effective dose: 

Since the basic protection standards were derived from risk data based on 

whole body doses, a mechanism is necessary to adjust doses to internal organs to an 

effective whole-body dose [14]. 

2.6.1.4 Dose area product: 

The purpose of routine measurements of Dose Area Product (DAP) or 

Entrance Surface Dose (ESD) is to help in achieving an overall reduction in the 

radiation received by patients undergoing medical radiological examinations. 

Provided adequate records are kept, it is possible to determine patient effective doses 

and to compare different examination techniques. In this respect, such measurements 

have tended to indicate deterioration in the efficiency of the image-production system 

[14]. 

2.6.1.5  Organ dose weighting factors: 

           By definition the photons radiation the weighting factor of whole body must 

sum to is  1, such that 1 Gy of radiation delivered to the whole body (i.e:an evenly 

distributed 1 joule of energy deposited per kilogram of body) is equal to one sievert,  

One gray (photons) delivered to the gonads is equivalent to 0.08 Sv to the whole body 

in this case, the actual energy deposited to the gonads being small. 

Table  2.1 Tissue weighting Factors 

 

 

 

Organ or tissue WT 

Gonads 0.25 

Breast 0.12 

Lung 0.12 

Thyroid 0.04 

Whole body 1 
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2.6.2. Radiation dosimeter:  

         A radiation dosimeter is a device, instrument or system that measures or 

evaluates either directly or indirectly. the quantities exposure, kerma, absorbed dose 

or equivalent dose, or their time derivatives (rates), or related quantities of ionizing 

radiation. A dosimeter along with its reader is referred to as a dosimetry system. 

Measurement of a dosimetric quantity is the process of finding the value of the 

quantity experimentally using dosimetery systems. The result of a measurement is the 

value of a dosimetric quantity expressed as the product of a numerical value and an 

appropriate unit. To function as a radiation dosimeter, the dosimeter must possess at 

least one physical property that is a function of the measured dosimetric quantity and 

that can be used for radiation dosimetry with proper calibration. In order to be useful, 

radiation dosimeters must exhibit several desirable characteristics [14].  

 



 

 19 

2.6.2.1 Properties of Dosimeters: 

Accuracy and precision  

       In radiography dosimetry the uncertainty associated with the measurement is 

often expressed in terms of accuracy and precision. The precision of dosimetry 

measurements specifies the reproducibility of the measurements under similar 

conditions and can be estimated from the data obtained in repeated measurements. 

High precision is associated with a small standard deviation of the distribution of the 

measurement results. The accuracy of dosimetry measurements is the proximity of 

their expectation value to the ‘true value’ of the measured quantity. Results of 

measurements can not be absolutely accurate and the inaccuracy of a measurement 

result is characterized as ‘uncertainty’. The uncertainty is a parameter that describes 

the dispersion of the measured values of a quantity; it is evaluated by statistical 

methods (type A) or by other methods (type B), has no known sign and is usually 

assumed to be symmetrical. 

 Linearity 

Ideally, the dosimeter reading M should be linearly proportional to the 

dosimetric quantity Q. However, beyond a certain dose range a non-linearity sets in. 

The linearity range and the non-linearity behavior depend on the type of dosimeter 

and its physical characteristics. A dosimeter and its reader may both exhibit non-

linear characteristics, but their combined effects could produce linearity over a wider 

range [14]. 

2.6.3 Thermo Luminescent Dosimeter systems: 

The TLDs most commonly used in medical applications are LiF:Mg,Ti, 

LiF:Mg,Cu,P and Li2B4O7:Mn, because of their tissue equivalence. Other TLDs, 

used because of their high sensitivity, are CaSO4:Dy, Al2O3:C and CaF2:Mn. TLDs 

are available in various forms (e.g. powder, chips, rods and ribbons). 

Before they are used, TLDs need to be annealed to erase the residual signal. 

Well established and reproducible annealing cycles, including the heating and cooling 

rates, should be used. A basic TLD reader system consists of a planchet for placing 

and heating the TLD, The Pulse Multiplication Tube (PMT) detect the 

thermoluminescence light emission and convert it into an electrical signal linearly 
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proportional to the detected photon fluence and an electrometer for recording the 

PMT signal as a charge or current.  

    The thermoluminescence intensity emission is a function of the TLD temperature 

T. Keeping the heating rate constant makes the temperature T proportional to time t, 

and so the thermoluminescence intensity can be plotted as a function of t if a recorder 

output is available with the TLD measuring system. The resulting curve is called the 

TLD glow curve. In general, if the emitted light is plotted against the crystal 

temperature one obtains a thermoluminescence thermogram shown in Fig 2.3 bellow: 

 

Fig 2.3Thermogram (glow curve) of LiF:Mg,Ti [16] 

 

The TLD glow curve can be discussed in some points: 

 The peaks in the glow curve may be correlated with trap depths responsible 

for thermoluminescence emission. 

 The main dosimetric peak of the LiF:Mg,Ti glow curve between 180ºC and 

260ºC is used for dosimetry.  

 The peak temperature is high enough so as not to be affected by room 

temperature and still low enough so as not to interfere with black body 

emission from the heating planchet. 

 The total thermoluminescence signal emitted can be correlated to dose 

through proper calibration. 
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 Good reproducibility of heating cycles during the readout is important for 

accurate dosimetry. 

 The thermoluminescence signal decreases in time after the irradiation due to 

spontaneous emission of light at room temperature. This process is called 

fading.Typically, for LiF:Mg,Ti, the fading of the dosimetric peak does is 

increase with time after irradiation. 

 The thermoluminescence dose response is linear over a wide range of doses 

used in radiotherapy, although it increases in the higher dose region, 

exhibiting supralinear behavior before it saturates at even higher doses [15]. 

2.6.3.1 Advantages of TLDs: 

 Their small size, which make them suitable for dose measurements on patients. 

 Their capacity of storing dose information over longer periods of time. This makes 

them suitable for dosimetry at a distance. 

2.6.3.2 Disadvantages of TLD: 

 TLDs need to be calibrated before they are used (thus they serve as relative 

dosimeters). To derive the absorbed dose from the thermoluminescence. 

 reading a few correction factors have to be applied, such as those for energy, 

fading and dose response non-linearity. 

2.6.3.3 Typical applications of TLDs are: 

In vivo dosimetry on patients (either as a routine quality assurance procedure or for 

dose monitoring in special cases, for example complicated geometries, dose to critical 

organs, total body irradiation (TBI), brachytherapy, verification of treatment techniques in 

various phantoms (e.g. anthropomorphic phantoms); dosimetry audits such as the 

International Atomic Enrgy Agency(IAEA),World Health Organization (WHO) TLD, 

postal dose audit programme, and comparisons among hospitals [15] 
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Table 2.2 Basic characteristics of some detectors: 

 

Detector* size, 

mm: 

 4_10, H=0.3_1.0 

 

CaSO4 

Dy 

 

SrSO4 

Eu 

 

Li2B4O7 

Ag, Cu 

 

Li2B4O7 

Mn 

 

Caf2 

Mn 

Lif-Ti, mg 

(TLD-700, 

commercial 

sample) 

 

Linearity of 

measurements, up 

to the dose, s/kg 

 

0.3 

 

25.0 

 

0.1 

 

0.1 

 

30.0 

 

< o.1 

 

Sensitivity, 

quanta/c 

 

3-10 

 

1-10 

 

4-10 

 

2-10 

 

3-10 

 

3-10 

 

Part of stored light 

released at heating 

below 420k,% 

 

 

 

10 

 

   _ 

 

15 

 

    _ 

 

   3 

 

  10 

 

Positions of the 

mm increase 

spectrum maxima, 

mm 

 

470-

510 

 

375 

 

368-530 

 

605 

 

516 

 

400 

 

Effective atomic 

number 

 

14.4 

 

24.9 

 

7.4 

 

7.4 

 

16.3 

 

8.1 

Losses of the 

stored energy of 

ionizing radiation 

during one month 

fading\,% 

 

2 

 

2 

 

5 

 

3*** 

 

1 

 

3 

TL curve main 

peak position, k (at 

heating rate 2 k\s) 

 

483 

 

493 

 

478 

 

493 

 

533 

 

483 

 

2.6.4 Ionization chamber dosimeters: 

In medical x-ray imaging the Free-in-air air kerma measurements are best 

made with suitably designed ionization chambers of typically between 0.6 and 180 cm3 

volume. The chambers should have ‘air equivalent’ walls so that their energy response in 
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terms of air kerma is substantially uniform for all relevant x-ray spectra. The leakage 

current should be very small compared with the ionization current produced by the 

minimum dose rate to be measured and the response should not be affected appreciably by 

ion recombination at high dose rates. Dosimeters should be calibrated in a manner 

traceable to a national primary standard of air kerma as described; there are special 

requirements for ionization chambers used for air-kerma measurements in mammography: 

these are a thin entrance wall to reduce attenuation at low photon energies, and ideally a 

structure that does not appreciably disturb the primary radiation field. Thin entrance 

window chambers with small volumes generally have a rather massive construction on the 

exit side, which implies that the charge produced in the cavity contains a significant 

contribution from scattered radiation [15]. 

2.6.5 Dose measurement: 

There are several ways of measuring doses from ionizing radiation. Workers who come in 

contact with radioactive substances or may be exposed to radiation routinely carry 

personal dosimeters. In the United States, these dosimeters usually contain materials that 

can be used in thermo luminescent dosimeter (TLD) or optically stimulated luminescence 

(OSL). Outside the United States, the most widely-used type of personal dosimeter is the 

film badge dosimeter, which uses photographic emulsions that are sensitive to ionizing 

radiation. The equipment used in radiotherapy (linear particle accelerator in external beam 

therapy) is routinely calibrated using ionization chambers or the new and more accurate 

diode technology [15]. 

2.6.5.1. Direct Measurement of ESD: 

ESD is defined as the absorbed dose to air at intersection point of the  X-ray 

beam axis with the entrance surface of the patient, including backscatter radiation. 

This dose is expressed in mGy. The most straight forward method for skin dose 

determination is to put TLDs or other detectors on the patients’ skin. However, the 

choice of the methods and dosimeters are not yet clearly established. In this section 

an overview is given of the measurement of the maximum skin dose D skin, local 

during radiological examinations. Although most of the measurements were actually 

performed with TLDs, scintillation dosimeters and film dosimeters have also been 

used. Semiconductor dosimeters [diodes or metal oxide semiconductor field effect 

http://en.wikipedia.org/wiki/Thermoluminescent_dosimetry
http://en.wikipedia.org/wiki/Optically_stimulated_luminescence
http://en.wikipedia.org/wiki/Film_badge_dosimeter
http://en.wikipedia.org/wiki/Emulsion
http://en.wikipedia.org/wiki/Linear_particle_accelerator
http://en.wikipedia.org/wiki/Ionization_chamber
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transistors (MOSFETs)] have been used only for phantom. The ESD is estimated in 

order to assess the possibility of skin dose exceeding the threshold for deterministic 

effects. The total values of imparted radiation dose from all fluoroscopic and 

radiographic exposures involved in the specific examination .ESD depends on the 

exposure parameters (Tube voltage, Total filtration, mAs and FFD), and patient’s 

conditions (patient positioning, field size, and film screen system [16]. 

2.6.6 Radiation protection in paediatrics Radiology: 

Children are more radiosensitive than adults. They also have a longer life 

expectancy over which they may develop cancer from exposures to ionizing radiation. 

The pediatric radiology and medical community has long had an awareness of this 

issue and has developed radiation protection policies and practices that reflect this. 

With the increased use of imaging and in particular, CT scanning, there is increasing 

attention to this issue by the entire medical and radiology communities. An 

educational resource for health care providers as well as patients and parents is the 

Image Gently web site started in 2008. There is collaboration by several radiology, 

medical physics, pediatrics, and governmental organizations to increase awareness of 

radiation safety issues in children and to provide education to all stakeholders caring 

for children on ways to decrease the ionizing radiation exposure in children. There is 

information that describes what are the risks and benefits, and what can be done to 

decrease these risks:-  

2.6.6.1 Reduction of Dose and Exposure: 

There are many technical methods to reduce radiation exposure to pediatric 

patients; however, simple means must not be overlooked. Many safeguards can be 

addressed before the examination begins. For example, the radiologic technologist 

can check to see if previous radiologic examinations have been performed. 

Furthermore, the patient’s medical records may contain sufficient information for a 

diagnosis without further radiation exposure. For example, a lower-dose or non-

ionizing radiation examination (i.e., ultrasound) may be substituted for a high-dose 

radiologic study. After the need for the examination has been confirmed, other 

method-driven techniques can be used for pediatric radiation protection: 

 Low mille-ampere-second (mAs) and kVp exposure factors should be used. 

This is the most efficient method of reducing patient exposure because mAs is 
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the primary control of the quality of radiation emitted by the x-ray source. 

With the use of CR and DR systems, the computer can compensate for 

overexposure when it creates a final image. This can mislead radiologic 

technologists, causing them to become careless in their mAs selection and to 

overexpose the patient. 

 The radiologic technologist must use a kVp that is in an optimum range for 

the particular part of the body being radiographed. Excessive kVp can produce 

images with poor diagnostic quality. 

 The use of high-speed image receptor systems is the second-most effective 

method of reducing patient exposure. A faster system requires lower mAs to 

obtain a diagnostic image. 

 Filtration removes lower-energy x-rays from the primary beam before it enters 

the patient, reducing the entrance skin dose by as much as 90%.  However, the 

use of filters can compromise the final image. 

 Optimum film processing conditions (ie, developer time and temperature, pH, 

and replenishment) are extremely important in the overall scheme of dose 

reduction and quality control. For example, repeat images are necessary if 

radiographs lack optical density due to a low developer temperature. 

 Cassettes with graphite fronts, when used with low kilovoltage and for 

radiography of small parts, can reduce the radiation exposure to the patient by 

25% to 50%. 

 Quality control also should address the routine testing and evaluation that 

assures the equipment is functioning properly and operating within regulatory 

limits, such as equipment calibration, linearity, collimation alignment 

accuracy, reciprocity.  

 Exposure to individuals in the proximity should be kept as low as reasonably 

achievable (ALARA) and within the limits recommended by the NCRP  [17]. 

2.6.6.2 Comfortability:   

            Because children can sense anxiety and uncertainty in their parents, it is 

important for the   parents to feel comfortable and knowledgeable about the 

examination or treatment. The parent needs to know if the examination will 

involve discomfort for the child. For example, during chest radiography, the 

image needs to be acquired at the peak of inspiration. Many times with pediatric 
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patients this is accomplished by acquiring the image at the peak of the child’s cry. 

Parents need to understand this so that they do not try to calm the child at the 

wrong time and thus compromise the acquisition of a good image [17]. 

2.6.6.3 Paediatric Radiologist: 

The physician and the radiological technologist must establish a rapport with 

the child and his or her parents to ensure confidence. Often, radiological technologists 

can reduce the child’s fear by demonstrating the examination on a doll or stuffed 

animal toy. In addition, an unhurried and pleasant atmosphere, combined with 

patience and positive reinforcement, is important to make the child feel at ease. 

Rapport is especially necessary with toddlers because conventional immobilization 

techniques may not be effective. A well training of Pediatric radiologists have the 

following formal training:- 

 A degree from a medical school. 

 One year or more of clinical medicine training and 4 years of training in 

diagnostic radiology. 

 One or more additional years of training in the diagnosis of infants and 

children using imaging equipment. 

Pediatric radiologists usually are certified by the American Board of Radiology 

and have additional certification in their subspecialty. So the Pediatric radiologists are 

experts in selecting the best imaging techniques to diagnose medical and surgical 

problems. Examples of imaging techniques include x-ray, ultrasound, computed 

tomography (CT), magnetic resonance imaging (MRI), and nuclear medicine. 

Pediatric radiologists make sure that testing is performed properly and safely. They 

also interpret the results of the test and make an appropriate diagnosis [18]. 

 

2.6.6.4   Communication:  

 It is important for staff to communicate openly with the patient and family. 

However, in today’s people are accustomed to receiving information from 

multimedia, videotapes, physicians may convey a significant amount of information 

in a short amount of time. Some departments routinely show instructional videos to 

most children and families. In addition, printed patient education materials are 

available. For children, these may include colouring or activity books and pamphlets 
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with cartoon-like drawings that describe radiologic examinations or treatment. The 

Internet also provides patients and families educational opportunities. Many imaging 

centres have Web pages that describe radiologic protocols in detail [18]. 

2.6.6.5 Examination safety responsibilities: 

The walls of the examination room are designed to protect personnel, parents 

and the general public from unnecessary exposure. However, paediatric imaging 

examinations may require assistance from additional personnel, relatives or friends of 

the patient, or other hospital staff who do not normally work in the radiology 

department. When a visitor is needed to accompany the child during the examination, 

the same visitor should not be used more than 1 time, and the use of women of 

childbearing age should be avoided, the female visitor should be questioned 

concerning any potential pregnancy. Visitors should alternate providing assistance if 

multiple examinations are required. Everyone outside the control booth during 

diagnostic procedures must wear lead aprons and gloves. The lead aprons must have a 

minimal lead equivalent thickness of at least 0.5 mm and cover 75% to 80% of the 

active bone marrow of the person wearing it. Lead gloves must be a minimum lead 

equivalent thickness of 0.25 mm (with 0.5 mm preferred) to be protective. In 

addition, thyroid shields and protective eyeglasses must be available and have a 

minimum lead equivalent thickness of 0.5 mm.  During mobile radiographic 

procedures, all individuals except patients should move at least 8 feet away from the 

radiation source. For fluoroscopy, using the smallest beam possible to provide the 

greatest information decreases radiation exposure to the patient and decreases scatter 

to surrounding individuals. 

2.6.6.6 Practice Standards: 

Reference dose values in diagnostic radiology have been developed to optimise 

patient imaging and to support educational programmes. In the ‘European Guidelines 

on Quality Criteria for Diagnostic Radiographic Images in Paediatrics’ reference 

values of the entrance surface dose (ESD) were given for the most frequent 

examinations shown in (table 4) appendix (5). 

Practice guidelines and standards are important and recognized as the authoritative 

basis of a profession. They are used to define what radiologic technologists do and 

how they do it. If there is a question concerning an examination, the radiologic 
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technologist or the radiology manager may consult a set of practice standards. 

Practice standards also may be used to hold radiologic technologists to a certain 

standard of care. In the case of medical malpractice or negligence, certain practice 

standards establish accepted practice [19]. 

2.6.7 Paediatric Equipment: 

Additional requirements for the Paediatric x-ray machines:- 

 Short, accurate and reproducible exposure times are necessary. 

 Collimators must be adjustable to dimensions that may be smaller than some 

simple general purpose x-ray equipment may provide. 

 Powerful generators are necessary for the very short time exposure times 

required (only 12-pulse or high frequency generators should be used to 

ensure suitable accuracy and reproducibility). 

 A nominal focal spot size of between 0.6 mm and 1.3 mm is desirable. 

 Additional protective shielding must be adapted to children and available in 

a range of sizes. 

 paediatric x-ray systems should be used for babies and small children 

because they have special features such as special grids, higher beam quality 

(special filtration) and they also have the ability to use very short exposure 

times and thus to avoid a degradation of the image quality by patient 

movement,. 

 If conventional (adult) x-ray equipment is to be used for babies and small 

children, the grid should be removed where possible. 

 The automatic exposure control for non-dedicated paediatric equipment 

should be able to accommodate the different size and stature of children of a 

range of ages. 

 Use of additional filtration should be considered for dedicated paediatric 

equipment, as this can reduce patient dose. 

 In paediatric radiology installations there shall be a comprehensive quality 

control of the generator and imaging system  [20]. 

2.6.6.7 Fetal Protection: 

           Measures should be taking to protect all females of reproductive capacity 

Radiological examinations of the abdomen or pelvis of women who are pregnant or 

likely to be pregnant should be avoided unless there are strong clinical reasons for 
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such examinations. 

Notice in local language shall be displayed in the X-ray department at a conspicuous 

place asking every female patient to inform the radiographer or radiologist whether 

she is likely to be pregnant.  Patients should be asked if they are pregnant or if they 

think they might be pregnant, If YES, the patient should be considered to be pregnant 

and the response recorded in the patient’s record. If NO, precautions should 

nevertheless be adopted during exposure of the lower abdomen and pelvic region. 

All radiographic factors should be noted so that the absorbed dose to the fetus can be 

calculated by the qualified expert in radiology physics and recorded. If a patient was 

found to be pregnant after an x-ray examination the following procedure shall be 

followed: 

1. Estimation of the absorbed dose to the fetus conceptance should be performed, 

but only by a medical physicist experienced in dosimetry. 

2. Fatal doses below 100 mGy should not be considered a reason for terminating 

a pregnancy. 

3. At fatal doses above 100mGy, there can be fatal damage, the magnitude and 

type of which is a function of dose and stage of pregnancy. In these cases 

decisions – by a qualified medical expert – should be based upon individual 

circumstances occupationally exposed female staff should formally notify 

Management of a pregnancy as soon as possible. 

4. For a pregnant worker, care must be taken to limit the radiation dose to the 

surface of the abdomen to approximately 2 mSv.  This should ensure that the 

fatal dose will be less than 1 mSv and provide an appropriate measure of 

protection. Provided this dose restriction is achieved, no special administrative 

arrangement for the pregnant worker s necessary.  Notification of pregnancy 

shall not be considered a reason to exclude a female worker from her duties  

[21]. 

2.6.6.8 Patients Assistance protection: 

The dose to any comforter or visitor of a patient shall be constrained so that his 

or her dose will not exceed 5 mSv during the period in which they might assist 

with a patient during diagnostic examinations. In no case shall the film or X-ray 

tube be held by hand. 
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Introduction: 

         This study has been conducted in pediatric radiology departments of 

Khartoum state: Omdurman teaching hospital, Khartoum teaching hospital and 

Abnaaof pediatric hospital   that provide such medical services.  The main 

purpose of this study was to evaluate the chest pediatric patients in diagnostic 

radiology procedures which aim to evaluate the dose received by patient. 

3.1 Materials: 

     Table 3.1 Radiographic Machines in different hospitals 

Hospital 

                      parameter 

Khartoum Omdurman A. Gasim Abu naof 

Equipment  

manufacturer 

/Model 

Toshiba 

/DRX-3724HD 

Shimadzu  

½/P13DK 

Imd.S.p.a, 

Italy/ 

E100RHF 

E7846 

-- 

-- 

Type  

Fixed 

 

Fixed 

 

Mobile 

 

 

Fixed 

Total filtration  

3.0  

mmAl eq 

 

2.3  

mm Al 

 

2.0 

 mm AL l 

 

 

2.6 

mmAl 

X-ray tube 

generator 

Single phase Constant 

potential 

Constant 

potential 

Constant potential 

Tube output at 

 (mGy/mA s)  

1m, FSD and 48 kVp 

 

6.2 

 

18.4 

 

17.8 

 

 

18.5 

Installation date  

2005 

 

2007 

 

2004 

 

 

2005 
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3.1.1 Patients data: 

               A total of 250 (male and female). Pediatrics patients was selected  and 

recorded their Anthropometrical data (Age ,Weight .,height,..) with  Technical data 

(kv, mAs ,FSD) and parameters used when collecting data at the time of examination.  

3.1.2 TLDs: 

A total of( 140 ) calibrated  Thermoluminescence chip shape (LiF:Mg:Ti) ,in this 

study the selected TLD material was GR200A LiF doped with Mg, Cu and P in a fine 

circular shape with 4.5 mm diameter and 0.8 mm thickness from PTW Company-

France, moreover they have a linear response from 1 micro Gy to 12 Gy  [ 16 ]
.

 Most 

of trapped electrons in the TLDs materials do not released completely due to 

background radiation or dark currents so they need an annealing process to remove 

these electrons, the annealing of these TLDs in this study was achieved by using 

PTW-Theldo oven at temperature of 240° C for 10 min followed by w quickly 

cooling assist by liquid N2, the TLDs were placed in the conductive tray and inserted 

to the oven which is controlled the temperature and the time using a computer under 

windows XP through Theldo version [22]. 

            

Fig  3.1 LiF:Mg:Ti chips 

3.1.3 Vacuum Tweezer: 

            TLD are handled by using a vacuum tweezer with plastic nozzle to avoid 

scratching of the surface of the   detector 

 

Fig  3.2 Vacuum Tweezer 
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3.1.4 TLD Oven: 

            An oven PTW- TLDO (PTW Fieburg-Germany) manual controlled (hot stream 

method), with accuracy better than 1%, is used to anneal the detectors pre- and post 

irradiation. Three trays can be used at the same time. 

 

 Fig 3.3 the annealing oven 

3.1.5 TLD Reader: 

      The TLD signal was read using a manual TLD reader (Fimel PCL3, France), 

the soft ware program was (Theldo version 1e1) the read out was at 100C.  

 

Fig 3.4 the TLD reader 

3.2 TLD Dose Calculation: 

        A  umber of 146 TLDs were exposed to a series of doses (D) in clinical 

range. The rest of(3) TLDs were exposed to know doses and selected to represent 

the standard dose (DS) to be used for unknown dose calculations and the test dose 

to check the accuracy of the dose measurements. Background value was ignored 

for its insignificant value. The radiation dose was determined by the flowing 

equiation:. 

 

 

 

 

 

 

D(mGy) = 

 

 

TL-BGR /ECF 

TLm / Ds 

3.1 
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 Where the TL: is  TLD signal ,  D : is Dose in mGy, Ds: standard dose, and TLm 

is : mean signal from TLDs irradiated to standard dose 

3.3 Risks estimation: 

Entrance surface dose (ESD) was used to estimate the organ equivalent dose 

(H) using software provided by the National Radiological Protection Board 

(NRPB-SR262) 19, 20.  

E = 0.06*(Hos-Hu) –Hu                                                      3.2 

 Where Hos is the dose measured by the dosimeter at the neck (shallow depth) 

and HU is the dose measured by the dosimeter under the apron at waist level 

(deep). 

In a case of single dosimeter worn at collar level, usually, 

HU = 0.01 HOS, therefore, the effective dose can be approximated as 

E=0.07Hos                                                                           3.3 

The risk (RT) of developing cancer in a particular organ (T) was estimated by 

multiplying the mean organ equivalent (HT) dose with the risk coefficients 

(FT) obtained from ICRP 4. 

RT= HT*FT                                                                                                                  3.4 

The overall lifetime mortality risk (R) per procedure resulting from 

cancer/heritable was determined by multiplying the effective dose (E) by the 

risk factor (f).  

R=E*F=∑T                                                                              3.5 

The risk of genetic effects in future generations was obtained by multiplying 

the mean dose to the ovaries by the risk factor. (see appendix). 

3.4 Organ dose calculations 

ESD was used to estimate the organ equivalent dose (H) using software 

provided by the National Radiological Protection Board (NRPB-SR250) [23]. It 

contains the results of Monte Carlo modeling conditions of exposure relevant to 

68 common radiographic views on a mathematical phantom representing pediatric 

patients of different ages. For each view, normalized doses are presented for 26 

organs or tissues.  
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   4.1 Results: 

           A total of 250 pediatric patients were examined in this study. The 

data were collected from four major hospitals in Khartoum state 

(Alkhartoum, Omdurman, Abnoaf and Ahmed Gasim). 

Prior to patient dose measurements, the basic quality control tests were 

performed in all X ray departments under study. Table 4.1 represents the 

results of QC of all units are accepted, except the kV accuracy, coincidence 

of radiation and light beam, also the alignment of x-ray center to Bucky 

center in (KH) x-ray unit. These results was affected the machine 

performance. Inaccuracy of these parameters may lead to increment of 

patient dose due to the repetition of exposure (over exposure, with 

percentage of 4% softening film0.35% and cutting film with 2% 

technologist) .The mA and kVp were reproducible and accurate within 

accepted limits . 

 Table 4.2 shows that the chest radiograph is the most common in pediatric 

than other exam with percentage of 60% of AP chest, and 17.2% for PA 

chest. This result is comparable to the adults’ examinations. It has been 

estimated that 40% of X ray examinations are chest X rays. Children have 

higher chest X rays than adults. This can be attributed to fact that children 

exposed to the infections more than adults [24].  
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Table 4.1 The quality control of x-ray units use in this study 

 

 

* Standard limits are from the ICRP report.  

QA TEST 

 

HOPITAL 

AB GAS OM KH Standard 

limits* 

Visual checks. medium bad good good - 

Reproducibility 

of kVp 

accepted accepted accepted accepted % CV = ± 5% 

KVp accuracy  

test 

accepted accepted accepted Not 

accepted 

% CV  = ± 5% 

Linearity test accepted accepted accepted accepted % LC ≤ 5% 

Coincidence of 

 radiation beam 

and light beam. 

 

 

 

accepted 

 

 

 

Not 

accepted 

 

 

 

accepted 

 

 

 

accepted 

not differ 

 more 

than 1% of 

 SID. 

Alignment of x-

ray center to 

center of bucky. 

accepted Not 

accepted 

accepted accepted 
Deviation = 

<2% of SID 

Leakage of 

radiation 

 

- 

 

 

Not 

accepted 

 

 

accepted 

 

Not 

accepted 

mR/h at 1m 

from all 

focal 

direction 



 

 

Table 4.2 Clinical indications and their percentage  

Percentage% Number Clinical 

Indication 

Exam 

77.2 193 *TB, chest infection 

,fever ,chronic cough 

and anemia 

AP/chest 

PA/chest 

4.8 12 Pain, renal ,swilling AP/PA pelvis 

8 20 Hydroscopic 

,swill(willms tumor) 

AP/abdomen 

1.2 3 KUB*, nasal sign, Ap/skull 

4.8 12 Fractions ,bone aging 

,*VD,Osteosarcoma 

AP/leg and, 

wrist 

4 10 pain Lumber spine 

100 250 Total   

*KUB Kidney Urinary bladder *tuberculosis*vitamin D 

 

Table 4.3 The patient's calcification according to gender, age  

Gender group Age group 

Boys Girls (0-2) years (2-5)years (5-15) years 

122 128 22 85 143 

 

 

Table 4.4. The mean patient information and exposure parameters for 

selected examinations with ± sd values are shown bellow: 

EX Mean 

ESD/mGy 

Mean 

ThD/mGy 

Range Mean 

Weight 

Mean 

KVp 

Mean 

mAs 

AP/chest 0.17+_0.03 0.14±0.03 0.25-0.11 9.59 45.94 229.4 

PA/chest 0.18±0.03 0.15±0.03 0.21-0.09 9.59 45.94 229.4 

Ap/PA 

pelvic 

0.22±0.03 0.19±0.02 0.24-0.18 6.17 44 250 

Ap.abd 0.27± 0.13 0.14±0.03 0.50-0.17 36.25 48.5 242.5 

Ap/skull 0.30±0.04 0.23±0.03 0.35-0.26 20 51 183.33 

AP/leg, 0.17±0.03 0.01±0.03 0.22-0.12 12.9 48 235 

AP wrest 0.14±0.03 0.01±0.03 0.22 -0.12 12.9 48 235 

L.sacral 0.21 ±0.02 0.19±0.02 0.22-0.18 18.9 53 230 

http://en.wikipedia.org/wiki/Osteosarcoma
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4.2 DISCTION: 

 
     The mean ESDs of selected exams are ordered from high to low as the: 

Ap skull 0.30 mGy, Abdomen 0.27 mGy, lumber spine and pelvic with 

0.22mGy, AP chest and legs with 0.18mGy, and AP wrist exam with 0.14 

mGy. The highest  mean of thyroid dose reach to 0.23 mGy in skull exam 

,when the lowest is 0.01 at AP leg exam ,clearly the thyroid dose is increase 

according to distance between thyroid and radiation field  or exam region 

and exposure parameters used . 

The mean age of study sample was found to be in ranged from (0 to 15) 

years old with mean weight from (2 to 43) kg, mean of kilovolt ranged from 

(40 to 66) kVp. The AP radiograph is dominants one because the most 

patients are small age or have bad clinical state can not help for standing. 

The variation in ESDs and scattered thyroid dose (organ dose) among the 

different radiological departments studied may be attributed to several 

indication factors such as: difference in patient weight, age, exposure 

factors used radiological techniques, total filtration, FFD, and processing 

type. 

Table 4.5. Represents the mean patient data and exposure parameters for 

selected X-ray examinations in each hospital under study, with ± sd values: 

Hospital *ESD/mGy *ThD/mGy kV mAs 

A.Gassim 0.21 ±0.03 0.16 ±0.03 50.12 209.25 

Khartoum 0.20 ±0.04 0.18 ±0.04 47.74 228.90 

Abnoaf 0.18 ±0.03 0.16 ±0.03 47.20 239.49 

Omdurman 0.17 ±0.07 0.15 ±0.04 47.08 231.08 

 

*ESD is entrance surface dose ,*thyroid  scuttered dose. 

    Patient radiation dose in A.Gasim hospital were relatively higher than 

other hospitals in terms of ESDs. This can be attributed to the use of mobile 

x-ray unit which needs special protection and imaging procedures. 

Additionally there is no QC program applied periodically and also this 

department has relatively mal condition x ray machine. Moreover, 

sometimes the operators use the antiscatter grid dedicated for adult to the 
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pediatric patient (10 to 15) year old which also lead to the increment of 

ESDs. KH hospital has ahigher dose than other centers because the week 

protection kwnolge, all centers ESD’s was found within recommended dose 

level (NRPB) [ 25]. 

ESDs  were obtained  in the  present  work  for  newborn and  infants  

are two times  higher than  the international DRLs.  Based on the analysis 

of doses and radiographic parameters, several factors contributed to the 

results.    

Regarding Khartoum, patients doses   were   high compared to the rest of 

the hospitals due to  the  use  of  single phase X-ray generator and its 

associated exposure parameters, however, the sufficient filtration used 

coupled with the experienced staff at the hospital minimized the high 

doses. 

 Dose results at Omdurman , A. Gasim a n d  A b n a o o f  Hospitals  

could be reduced further from the measured value if a sufficient  

filtration were in use ,i.e. 3 mm  Al equivalent  as  recommended   in  

many  standards [26]. It is therefore, recommended t o  increase the 

filtration in these  hospi ta l s .  Doses c a n  be further  reduced by 

removing the grid for radiographs of younger children at Omdurman 

hospital.   

The relative low dose levels were found in this study could be 

attributed to number of factors in patient dosimetry in diagnostic radiology 

and  dose measurements affected by statistical number of patients 

,equipments performance ,screen Film combination (recommended 400 

speed for pediatric) are the major effects. More over almost departments 

using filtration above the minimum requirements of (2.5) mmAL equivalent 

an average filtrations per x--ray unit of 3.3 mmAL equivalent. The 

relationship between higher x-ray tube filtration and low dose was well 

established. 

As general, values of the ESD and thyroid scatters dose for selected 

routine examinations all monotonically increase with increasing patient 

weight. The (KH hospital) has highest mean of ESDs, that may be due to 

bad physical condition , more maintenance problems, very high patient load  
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and it has single phase generator which need more time to carry out an 

exam .   

Table 4.6  Comparison of hospital mean ESDs obtained in present work 

with some international reference dose values (in μGy):- 

Age(y) Exam Projc- 
tion 

 
This Study 

DRLs 

KH OM GAS AB Nigeria(6
) 

(2004) 

UNSC
AR 

(2000) 

UK 

(2000) 

0 

1 

5 

10 

Chest 

 

 

 

AP 90 

100 

150 

- 

80 

70 

190 

 

90 

120 

180 

188 

95 

12

2 

18

5 

18

0 

350 

520 

490 

- 

20 

20 

30 

- 

50 

70 

120 

- 

0 

1 

5 

10 

 

 

Head 

(skull) 

 

 

AP 166 

200 

400 

430 

120 

150 

300 

480 

120 

150 

400 

488 

15

0 

15

5 

42

3 

48

0 

100 

890 

1210 

3260 

- 

120 

150 

480 

730 

- 

800 

1100 

1100 

NA 

 

0 

1 

5 

10 

 

Abdom

en 

 

 

 

 

AP 180 

200 

300 

400 

- 

150 

200 

460 

400 

450 

160 

200 

360 

380 

500 

16

6 

23

0 

34

0 

40

0 

45

0 

440 

5000 

3750 

250 

- 

50 

50 

160 

250 

- 

NA 

400 

500 

800 

- 

0 

1 

5 

10 

 

Pelvice 

 

 

 

AP 180 

220 

260 

320 

200 

230 

350 

500 

250 

300 

360 

500 

23

0 

30

0 

35

0 

44

0 

- 

- 

- 

- 

50 

70 

220 

420 

430 

NA 

500 

600 

700 

2000 

 

              A comparison  is given between the ESDs obtained   in   this   

work and with   some   international reference  doses  recommended   by  
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the  National Radiological Protection Board  (NRPB)  of the UK and  

similar studies performed in Nigeria and UNSCEAR report(6,18,27) 

(Table 4.6). With regard to pediatric routine  X-ray examinations, the 

highest  ESD   was  found in  AP projection for chest exam for neonates 

patients (0-1)years old at Abnoaf  hospital with (95 µGy) in which at least 

(47)% higher than  UK  reference level (50) µGy, also  khartoum  hospital 

has  higher neonates skull ESDs than  UK  reference dose with the (58)% 

and (88))%higher than UNISCAR reference dose level . The highest ESD 

as relative to other exams ESD found, is the pelvis ESD of (5-10) years old   

patients , witch  found in A.gasim  and Om durman  Hospitals (500) µGy 

in order  of  (12)% and ( 15)% higher than UNSCEAR reference doses 

(440) µGy and lower than UK (2000) µGy with (75)% µGy  respectively  , note 

that there is no gonad shield use at exam  in all hospitals , also the increased of  

ESD  to  neonate and infant may return to technique procedure which  the most 

of the body organs fall within  the  radiation  beam  due  to the small patient  

size. Equality of concern is the increased dose to pelvis considering the 

radiosensitive organs irradiated during these examinations. 

   In comparing the results with other study use out put method which 

measured dose by Dose Cal soft weir computer program, was found to be there 

is no constant relation, that may be soft weir computer  program can be just 

estimated the dose depending on technique or stander exposure  factors and 

machine performance. 

4.3 Cancer risk estimation  

      The probability of cancer due to radiation dose depends on organ dose, 

age and tissue weighting factor, which represent the relative contribution of 

that organ or tissue to these effects. Radiation induced cancer probability is 

shown in Table (4.7). The risk of radiation-induced cancer of Skin, ovaries, 

Testes, Urinary bladder, Ovaries, and Uterus were reported in Table 

(4.7).The risk of radiation-induced cancer of effective dose equivalent was 

0.13 x 10
-6

. Sulieman et al [17] estimated the risk of radiation-induced 

cancer per procedure from the effective dose to be 26 per million.  
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Table 4.7  Mean organ radiation equivalent dose (mSv), risk coefficients    

and radiation risk per MCUG procedure.  

 

Organ 
 
 

Exam 

Skin Testes 
Urinary 
bladder 

Ovaries Uterus 
Effecti

ve 
dos 

Effective 
dose 

equivalent 

Organ 
equival

ent 
dose 
(mSv) 

 

AP/ch 
0.0013 

 
1.67*10-4 0.01 

1.67*10
-4

 
1.59*10-

4 
0.02 0.36 

PA/ch 0.01 1.64*10-4 0.3*10
-4

 
1.67*10

-4
 

1.2*10-4 0.01 1.9 

AP/abd 0.02 0.02 0.02 0.02 0.02 0.02 0.03 

Ap/pelvi
ce 

0.02 0.03 4.6*10
-3

 0.03 0.05 0.03 0.02 

Ap/hea
d 

9.5*10-3 0 0.7*10
-6

 0 0 
0.8*1
0-3 

0.33*10
-3

 

Nomina
l risk 

coeffici
ent x10

-

4 

Sv
-1

 

AP/ch 

 
 
 

1000 
 

 
 
 

20 

 
 
 

39 

 
 
 

16 

 
 
 

6.3 

 
 
 

1300 

 
 
 

4.5 

PA/ch 

AP/abd 

Ap/pelvi
ce 

Ap/hea
d 

Radiati
on 

induced 
cancer 
probabil

ity 
x 10

-6
 

AP/ch 1.3 33.48*10
-4

 0.39*10
-4

 
0.39*10

-4
 

2.67*10
-3

 26 1.62 

PA/ch 10 32.8*10
-4

 11.7 10.52 7.56 15.6 4.05 

AP/abd 200 0.4 0.78 0.32 0.13 1.35  

Ap/pelvi
ce 

20 0.6 17.9*10
-3

 0.48 0.32 39 0.09 

Ap/hea
d 

9.59 0 13*10
-6

 0 0 1.01 0.01 

                                       

*Nominal risk in the whole population 

 

 

 

 

 



 

 

 

 

 

 

 

CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 
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CONCLUSION 
 

        Values of ESDs or ESAK and scattered thyroid dose generally increased with 

patient's weight and ages, selected technique factors as well as the radiographic 

imaging equipments used. Typical doses from paediatric X-ray examination are 

presented for four hospitals in Sudan.  Our  study showed  that  there  is a statistically  

significant correlation between patient  dose and size that allowed the determination of 

ESD  for  patients’  age  of interest. ESD determined in this way can easily be 

compared with the established international DRLs.  Our results showed that there is no 

significant difference in correlation when patient size is expressed in age or weight. 

       The Dose monitoring helps to insure the best possible protection of the patient and 

provides immediate indication of incorrect use of technical parameters or equipments 

malfunction. 

The results of this study in general to the measured ESDs are close to recommended 

reference levels. 

             This study demonstrated that the method used here for estimating ESDs could 

be an alternative reliable and cheap method used for patient dose monitoring in routine 

of radiology department. 

               This study provide data that can helps the regulatory authority to establish 

reference dose level for pediatric diagnostic radiology in Khartoum state and Sudan. 

Also results are useful for the international and professional organizations. Studies 

should be carried out especially in hospitals using low performance machine. 
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RECOMMENDATIONS 

 Providing the special pediatric protection and immobilization tools is vital for 

patient protection improvement. 

 Continuous training of staff will increase the pediatric radiation protection 

awareness. 

 Increment the doctor knowledge will justify accurately the radiology diagnostic 

methods.  
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Appendex 1. A: Hospital: AB naof pediatric hospital          Date: 30\5\2009 

Number Exam      Indication sex Age/Y Weight FFD Kv mAs time 
Number  

of films 

Repeated 

films 

P1 abd darea M 16m 12 100 60 250 0.01 1 - 

P2 abd swilling M 13m 14 100 60 250 0.01 2 Softing f 

P3 AP/ch cough M 3d 4 100 40 250 0.03 1 - 

P4 Ap/abd cough M 11m 10 100 45 250 0.05 1 - 

P5 AP/ch TB F 3d 2 100 42 250 0.03 1 - 

P6 PA/ch TB F 8 25 180 50 250 0.04 1 - 

P7 AP/ch TB F 5d 3 100 46 200 0.04 1 - 

P8 AP/ch TB M 4d 3 100 48 200 0.08 1 - 

P9 Ap/abd TB M 4d 3 100 48 200 0.04 1 - 

P10 Skull TB M 4 11 100 52 200 0.08 1 - 

P11 Ap/ch TB M 4d 3 100 40 160 0.04 1 - 

P12 Ap/ch Fever, cough M 5 13 100 44 250 0.04 1 - 

P13 AP/knee dislction M 2.5 8 100 48 250 0.04 1 - 

P14 PA/ch TB F 6 15 180 46 250 0.04 1 - 

P15 Ap/wrist  F 11m 5 100 44 250 0.04 1 - 

P16 Ap/pelvice Pain ful, F 1.3 6 100 44 250 0.04 1 - 

P17 PA/ch TB F 5 13 120 46 250 0.01 1 - 

P18 AP/ch TB F 5m 6 100 44 100 0.06 1 - 

P19 
PA/ch 

Cronic  

cough F 15 38 180 64 250 0.1 1 - 

P20 Ap/wrist Bone age M 8 25 100 44 250 0.06 1 - 
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Appendex : 1.B 

 

 

 

No. Exam Indication     sex       Age/Y Weight FFD Kv mAs time 
Repeated 

film 
Comment 

P1 abd darea M 16m 12 100 60 250 0.01 1 - 

P2 abd swilling M 13m 14 100 60 250 0.01 2 Cutting f 

P3 AP/ch cough M 3d 4 100 40 250 0.03 1 - 

P4 Ap/abd cough M 11m 10 100 45 250 0.05 1 -1-- 

P5 AP/ch TB F 3d 2 100 42 250 0.03 1 - 

P6 PA/ch TB F 8 25 180 50 250 0.04 1 - 

P7 AP/ch TB F 5d 3 100 46 200 0.04 1 - 

P8 AP/ch TB M 4d 3 100 48 200 0.08 1 - 

P9 Ap/abd TB M 4d 3 100 48 200 0.04 1 - 

P10 Skull TB M 4 11 100 52 200 0.08 1 - 

P11 Ap/ch TB M 4d 3 100 40 160 0.04 1 - 

P12 Ap/ch Fever, cough M 5 13 100 44 250 0.04 1 - 

P13 AP/knee dislction M 2.5 8 100 48 250 0.04 1 - 

P14 PA/ch TB F 6 15 180 46 250 0.04 1 - 

P15 Ap/wrist  F 11m 5 100 44 250 0.04 1 - 

P16 Ap/pelvice Pain ful, F 1.3 6 100 44 250 0.04 1 - 

P17 PA/ch TB F 5 13 120 46 250 0.01 1 - 

P18 AP/ch TB F 5m 6 100 44 100 0.06 1 - 

P19 PA/ch 
Cronic 

cough 
F 15 38 180 64 250 0.1 1 - 

P20 Ap/wrist Bone age M 8 25 100 44 250 0.06 1 - 

P21 Ap/pelvice Renal stone M 5 6.5 100 44 250 0.08 1 - 

P22 PA/ch 
Anemea,coug

h 
M 8 25 180 54 250 0.14 1 - 

P23 AP/ch Cronic cough F 5m 18 100 42 250 0.04 1 - 

P24 PA/ch TB F 7 16 180 46 250 0.04 1 - 

P21 Ap/pelvice Renal stone M 5 6.5 100 44 250 0.08 1 - 

P25 PA/ch TB F 4 11 180 46 250 0.04 1 - 

P26 PA/ch Cronic cough M 1.5 7 42 250 0.04 1 1 - 

P27 PA/ch Cronic cough M 4 12 44 250 0.04 1 1 - 

P28 PA/ch TB F 2.5 8.5 44 250 0.04 1 1 - 

P29 AP/ch TB M 1.7 7 44 250 0.04 1 1 - 

P30 PA/ch TB M 10 23 
56 250 0.08 

1 1 
- 

- 56 250 0.08 

P31 AP/knee Dislocation F 1.5 6 48 160 0.08 2 2 Over exp 

P32 AP/ch Fever, M 2.5 8.5 49 200 0.08 1 1 - 
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Appendix :1.C 

 

 

 

 

 

 

 

 

 

No. 

 

Exam Indication sex age Weight FDD Kv mAs time 
Number of 

films 

Repeated 

films 

P1 PA/ch TB F 6 12 180 48 250 0.04 1 - 

P2 PA/ch TB M 10 22 180 48 250 0.04 1 - 

P3 L/nesoph Running nose M 7 12 100 46 250 0.04 1 - 

P4 AP/ch TB M 1.5 7.5 100 54 200 0.18 1 - 

P5 PA/ch Fever, cough F 6 11 180 46 250 0.1 1 - 

P6 PA/ch dislction M 10 22 180 44 250 0.04 1 - 

P7 PA/ch TB F 12 24 180 46 250 0.04 1 - 

P8 ap/ch TB M 6m 7 100 48 250 0.04 1 - 

P9 AP/ch TB F 6m 4 100 46 250 0.05 1 - 

P10 PA/ch TB F 10 22 180 54 250 0.05 1 - 

P11 AP/ch TB F 8m 18.5 100 52 250 0.05 1 - 

P12 Ap/femer fraction M 2 8 100 46 250 0.05 1 - 

P13 L/femer Bone age F 10 22 100 46 250 0.05 1 - 

P14 PA/ch Renal stone M 10 21 180 46 250 0.05 1 - 

P15 PA/ch Anemea,cough F 11 22 180 46 250 0.05 1 - 

P16 AP/ch Cronic cough F 2 9 100 46 250 0.03 1 - 

P17 PA/ch TB M 8 28 180 46 250 0.05 1 - 

P18 PA/ch Renal stone M 8 28 180 50 250 0.05 1 - 

P19 AP/ch TB F 4m 3 100 58 250 0.05 1 - 

P20 AP/ch Cronic cough F 3 15 100 48 250 0.05 1 - 

P21 AP/ch Cronic cough F 3.5  100 48 250 0.05 1 - 

P22 AP/wrist Bone aging  M 2.5 8.5 100 48 250 0.05 1 - 

P23 AP/ch TB M 2.4 7 100 48 250 0.05 1 - 

P24 AP/ch TB M 13 16 100 46 250 0.03 1 - 

P25 PA/ch Cronic cough M 3 15 100 50 250 0.05 1 - 

P26 AP/ch Dareia,cough M 1.3 10 100 58 250 0.05 1 - 

P27 AP/ch Fever, F 1.8 6 100 48 250 0.05 1 - 

28 PA/ch Anemia,cough F 9 - 180 50 250 0.05 1 - 

P29 AP/ch TB M 1.5 7 100 48 250 0.06 1 - 

P30 PA/ch TB M 8 22 180 48 250 0.05 1 - 

P31 PA/ch TB M 4.5 14 180 48 250 0.05 1 - 
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Appendix :2.A Hospital: Ahmed Gasim pediatric hospital                Date (20/5/09)  

Number Exam Indication sex Age\Y Weight Kv mA Time/s Repeat .f comments 

P1 PA/ch TB M 12 22 54 250 0.1 1 - 

P2 AP/ch couph M 2.5 8.5 46 250 0.04  - 

P3 AP/ch TB F 4 11 44 250 0.04 1 - 

P4 AP/ch TB F 5M 4.5 44 250 0.04 1 - 

P5 AP/ch Dariah, F 5 19 48 250 0.04 1 - 

P6 PA/ch Couph F 3m - 44 250 0.04 1 - 

P7 AP-ch Acute couph M 5m - 44 250 0.06 1 - 

P8 Ap/Wrist Osteoporoses M 1 - 40 250 0.05 1 - 

 

P9 

 

AP/wrist 
Osteoporoses,c

ouph 

 

M 

 

 

3 

 

-  

40 

 

 

 

250 

 

0.04 

 

 

2 

 

Overe exposed 

film Ap/ch - 

P10 Ap/ch Couph,dariah F 2m 4.5 40 250 0.05 1 - 

P11 Ap/ch TB M 4 14 42 100 0.06 1 - 

P12 PA/  Foot fraction M 9 20 50 250 0.05 1 - 

P13 PA/ch TB M 5m - 50 250 0.05 1 - 

P14 PA/ch couph M 2.5 8 50 100 0.06 1 - 

P15 femer fraction M 5 - 48 100 0.05 1 - 

P16 Ap-ch TB M 3 - 48 100 0.04 1 - 

P17 Ap/ch TB M 7m 7.5 44 250 0.08 1 - 

P18 

 

Ap/Lumber 

spine 
Back pain F 12 22 52 250 0.08 

 

 

2 

Softing film 

L/==  F 12 22 56 250 0.04 

P19 
Ap/Lumbosacr

al 
pain F 15 39 48 250 o.o4 1 - 

P20 Ap/ch TB F 6 14 46 250 0.05 1 - 

P21 Ap/ch TB F 5  46 250 0.05 1 - 

P22 
Ap/erecto 

supine 
pain F 2m - 44 250 0.04 1 - 

P23 AP/ch cuoph F 2.5 10 46 250 0.04 1 - 

P24 wrist osteoporoses F 1.3 10 46 250 0.05 1 - 

P25 Ap/ch TB M 7m - 42 250 0.04 1 - 

P26 Ap/ch TB M 4m 4 42 250 0.04 1 -- 

P27 Ap/ch TB M 4m 4 42 250 0.04 1 - 

P28 Ap/ch TB F 5 19 44 250 0.04 1 - 

P29 PA/wrist osteoporoses M 2.5 8 46 250 0.04 1 - 

P30 PA/ch 
Acute  

couph 
M 10m - 46 250 0.04 1 - 
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Appendix :2.B 

Number Exam Indication sex Age\Y Weight Height Kv mAs time 
Repeated 

 films 
comment 

P1 Ap/ch/bak TB F 17 - 150 60 250 0.1 - - 

P2 Ap/ch/bak TB M 6 - 100 46 250 0.04 - - 

P3 Ap/ch/bak TB F 3 - 90 - 250 0.04 - - 

P4 Ap/lumbosacral pain F 4 - 84 50 250 0.06 - - 

P5 Kup  M 15 - 150 54 200 0.1 - - 

P6 Sacroiliac Dislocation F 5 - 100 62 200 0.1 - - 

P7 Ap/ch  F 6 - 116 44 250 0.04 - - 

P8 Ap/ch  sF a3 3w 86 44 250 0.04 - - 

P9 PA/ch/bak TB F 12 22 146 50 250 0.12 - - 

P10 PA/ch/bak TB M 12 22 150 52 250 0.12 - - 

P11 Neck/cervical Pain M 2m 2m 54 42 200 0.06 2-2 - 

P12 Ap/ch Couph,darea M 5m 5m 59 44 250 0.08 2 Light film 

P13 Ap/ch Couph,darea M 2m 2m 54 50 250 0.06 - - 

P14 Ap/ch Couph,darea M 1.5 1.5 10 50 250 0.08 - - 

P15 Ap/ch Couph,darea M 9 9 127 44 250 0.08 - - 

P16 Ap/ch Couph,darea F 1.4 1.4 68 44 250 0.08 2 Light film 

P17 PA/ch/bak TB M 10 10 127 46 250 0.04 - - 

P18 PA/ch/bak TB F 10 10 134 58 250 0.08 - - 

P19 Ap/ch Couph,darea F 1.7 6 70 44 250 0.04 - - 

P20 Ap/ch Acute couph F 5 - 97 46 250 0.04 2 Light film 

P21 PA/ch/bak TB F 2 - 82 44 250 0.04 - - 

P22 Ap/ch Couph F 6 - 124 46 100 0.04 - - 

P23 Ap/knee Pain M 4 - 67 44 100 0.04 2 Light film 

P24 Wrist Bone age M 1.4 6.4 110 46 100 0.05 - - 

P25 AP/wrist Bone age M 5m - 100 50 320 0.1 - - 

P26 Ap/hip+knee Pain M 1.6 7.5 150 50 160 0.1 2 Light film 

P27 Ap/ch TB M 2.6 9 60 46 250 0.04 - - 

P28 Ap/ch TB F 6 12 58 46 250 0.04 - - 

P29 Ap/Lumbosacral TB F 12 10.5 - 56 200 0.1 - - 
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Appendix :2.C   

Number Exam Indication sex Age\Y Weight Height FFD Kv mAs time Repeated films comment 

P1 
Ap/Lumbosacral Pain F 12 - 118 100 55 160 0.1 2 Light film 

L/lumbosacral  F 12 - 118 100 56 160 0.1 - - 

P3 Ap/abd Intestine obstraction M 12 - 140 100 50 250 0.08 - - 

P4 Ap/erect supine pain M 12 - 140 100 50 250 0.18 - - 

P5 Ap/lumbosacral pain M 10 12 130 100 58 250 0.12 2 Over expose 

P6 L/ lumbosacral pain M 2m - 45 100 58 250 0.12 - - 

P7 Ap/wrist Bone age M 2 9 70 100 44 250 0.05 - - 

P8 Ap/ch couph M 8 - 114 100 46 100 0.06 2 Light film  

P9 PA/ch TB M 4m 4 55 120 44 250 0.18 - - 

P9 Ap/ch Ca/rigged F 13 27 140 100 50 250 0.1 - - 

P10 PA/ch Anemia F 57d 4.5 50 120 44 250 0.08 - - 

P11 PA/ch Couph/darea F 4 9 90 120 50 250 0.1 2 2 

 

P12 

AP/abd/distal 
pain 

F 10 13 127 100 50 320 0.1 -- - 

L/ M 2 6 75 100 50 250 0.08 - - 

P13 PA/ch TB M 10 12 14 120 62 250 0.12 - - 

P14 Ap/wrist Bone age F 6 10 100 100 48 250 0.1 - - 

P15 Ap/ch TB F 17 37 120 100 46 100 0.06 - - 

P16 Wrist Bone age M 6 11 110 100 48 200 0.06 2 2 

P17 L/Skull Degrowth F 17 37 100 100 50 100 0.06 - - 

P18 Ap/ch TB M 4m 4 55 100 50 160 0.1 - - 

P19 Ap/ch TB M 4m 4 53 100 46 200 0.05 - - 

P20 PA/ch/bak Couph,darea M 6 10 67 100 44 250 0.04 - - 

P21 PA/ch/bak  M 12 32 140 120 56 320 0.1 2 2 
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Appendix :3.A Alkhartoum pediatric hospital  Date (22/5/09) 

Number Exam Indication sex Age\Y Weight Height FFD Kv mAs time 
Number  

of films 
comments 

P1 AP/ch Cough M 2,5 10..5  100 42 250 0.04 1 - 

P2 PA/ch/bak TB M 10 31 150 180 54 250 0.08 1 - 

P3 PA/ch/bak TB F 4 22.5 125 180 44 250 0.04 1 - 

P4 AP/ch KUP F 1.5 7.5  100 42 250 0.03 1  

P5 AP/ch Anaemia F 2.5 10 38 100 46 200 0.06 1 - 

P6 PA/ch/bak TB M 12 32 175 180 56 250 0.08 1 - 

P7 AP/ch Cough F 1.6 6 58 100 42 250 0.08 1 - 

P8 Ap/pelvic Pain M 6  110 100 48 200 0.08 1  

P9 AP/ch 
Cough, 

anaemia 
F 6m 5.2 62 100 40 250 0.08 1 - 

P10 AP/ch 
Cough 

,anaemia 
F 7  112 100 44 250 0.04 1 

- 

P11 Ap/wrist V/D F 2 9  100 44 100 0.04 1 - 

P12 Ap/wrist V/D M 4m 5 98 100 44 100 0.04 1  

P13 Ap/abd 
Darea, 

swelling 
F 50d 2  100 44 200 0.04 1 - 

P14 PA/ch Fever, cough F 2 9  180 40 250 0.04 2 Soft film 

P15 PA/ch/bak TB F 11 37 149 180 46 250 0.08 1 - 

P16 L/ch TB M 1.6 6 58 100 52 320 0.1 1 - 

P17 Ap/ch Cough ,darea M 2 13.5 93 100 44 320 0.08 1 - 

P18 Ap/ch Fever, cough M 2 13.5 93 100 44 320 0.1 1  

P19 Ap/ch KUP M 5   100 44 250 0.04 2 softfilm 
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Appendix :3.B                                                

 

Number Exam Indication sex Age\Y Weight Kv mAs time 
Repeate 

 films 
comments 

P1 Ap/abd Hydrocehalic M 2 - 62 160 0.1 1 - 

P2 
PA/ch 

Backy 
Couph M 11 - 50 250 0.06 2 Light film 

P3 Ap/ch Daria M 6 - 44  0.04 1 - 

P4 Ap/ch  M 11 - 46  0.04 2 Light film 

P5 Ap/ch/backy  M 13 43 62  0.1 1 - 

P6 Ap/wrist D/vitamin F 6 - 60  0.1 1 - 

P7 
PA/ch 

No packy 

Acute 

 cough 
F 16 - 54 160 0.08 1 

- 

P8 L/Ap/ch  M 13 - 66  0.12 1 - 

P9 PA/ch/bak  M 11 43 58 160 0.08 1 - 

P10 Ap/ch  M 9m 24 42 250 0.04 1 - 

P11 Ap/ch  M 9m - 42 250 0.04 2 - 

P12 Ap/ch  M 8m - 44 100 0.05 1 - 

 

P13 

 

Ap/lege 
 

dislocation 

F 10 - 50 100 
 

0.06 

 

1 

 

- 

L/lege F 10 37 48  
- 

P14 

Ap/abd  
 

M 

 

 

5m 

 

4 

 160 

0.05 

1 - 

Ap/wrist  44 160  

 

2 

- 

Ap/lege  42 250 
Light 

film 

P15 Ap/abd  M 7m 8 46 250 0.05 1 - 

P17 PA/ch/bak  M 42 14 52 250 0.05 1 - 

P18 PA/ch/bak  M - 10 52 250 0.05 1 - 

P19 PA/ch  M 7 2 52 250 0.1 1 - 

P20 PA/ch  M 22 3 44 250 0.04 1 - 

P21 AP/wrist  F 11m  44 250 0.04 1 - 
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Appendix :3.C 

Number Exam Indication sex Age\Y Weight Height FFD Kv mAs time Repeated films comment 

P1 AP/ch TB M 1.6 9 83 100 42 250 0.04 1 - 

P2 PA/ch TB M 4 18.5 - 120 42 250 0.04 1 - 

P3 Ap/lumbosacral Pain F 1.5 - 70 100 48 250 0.06 1 - 

P4 PA/ch TB M 4 16 117 180 42 200 0.05 1 - 

P5 Ap/ch Cronic cough M 3 11 - 100 42 250 0.04 1 - 

P6 Ap/ch Cough,darea F 10m - - 100 44 250 0.04 1 - 

P7 PA/ch/bak TB F 8 - 140 180 68 250 0.08 1 - 

P8 PA/ch Runing nose , cough M 8 - 130 180 52 250 0.08 1 - 

P9 AP/ch TB F 5m 6  100 42 250 0.04 1 - 

P10 AP/ch TB F 2.5 9 80 100 42 250 0.04 1 - 

P11 AP/ch TB M 7m 10 60 100 42 250 0.04 1 - 

P12 AP/Whole body ostiogenses F 55d 3 40 100 50 250 0.06 1 - 

P13 
PA/ch/ Cronic cough M 

 

6 

 

17 

 

1.8 

 

180 42 160 0.04 
4 

Over and  

cut 

AP/abd/bak  100 42 250   

P14 PA/ch/bak TB M 12 - 140 180 52 250 0.08 1 - 

P16 Ap/abd TB F 8m - - 100 42 250 0.04 1 - 

P17 PA/ch/bak Cronic cough M 14 42 160 180 52 250 0.08 2 
Over exposed 

film 

P18 AP/ch Cronic cough F 4m 4 55 100 40 250 0.04 1 - 

P19 PA/ch/bak TB M 14 42 160 100 56 250 0.1 1 - 

P20 Ap/abd Swelling,darea F 10 - 140 100 66 250 0.12 2 - 

P21 AP/ch Cronic cough F 1.4 - - 120 42 250 0.04 1 - 

P22 AP/abd Hydro- F 10 - 140 100 58 250 0.12 1 - 

P23 PA/ch  M 5 13 100 100 42 250 0.04 1 - 

P24 AP/wrist Bone age M 5 - 96 100 40 100 0.04 1 - 

P25 Ap/abd Hydro- M 6 17 108 100 64 200 0.12 1 - 

P26 AP/ch Cronic cough M 12 - - 100 54 250 0.05 1 - 

P27 AP/ch Cough,anemia M 2 - 70 100 44 250 0.04 1 - 

P28 AP/ch  M 1 9.5 77 100 40 250 0.04 1 - 

P29 Ap/abd Hydro- M 6 17 108 100 66 250 0.1 1 - 
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Appendix :3.D 

Number Exam Indication sex 
Age 

\Y 
Weight Height FFD Kv mAs time 

Repeated  

film 
comment 

P1 AP/wrist Bone age M 16 - 110 100 44 250 0.04 1 - 

P2 AP/ch Hydro-th F 8 - 130 120 46 250 0.04 1 -- 

P3 AP/ch Couph M 6m 5.5 9 100 42 100 0.04 1 - 

P4 AP/wrist Ca-decrease F 7m 6 55 100 44 250 0.04 1 -- 

P5 PA/ch/ Cronic cough M 1.6 10 77 100 42 250 0.04 1 - 

P6 PA/ch/ Cronic cough  6.4 - 100 100 42 250 0.04 1 -- 

P7 AP/ch Cronic infection M 1 8 68 180 44 250 0.04 1 - 

P8 PA/ch/bak TB M 13 39.5 170 100 60 250 0.1 1 -- 

P9 PA/ch/bak TB F 11 36 126 120 50 250 0.1 1 - 

P10 AP/ch Cronic cough F 1.3 10 75 180 44 250 0.04 1 -- 

P11 AP/ch Cronic cough M 4 9 90 180 44 250 0.04 1 - 

P12 AP/ch Anemia,cough F 10 - 117 180 44 100 0.04 1 -- 

P13 AP/wrist V/D F 10 - 117 100 44 250 0.03 1 - 

P14 AP/wrist V/D F 16 -52 180 100 44 100 0.06 1 -- 

P15 AP/ch Fever,cough M 2.4 6 - 100 42 250 0.04 2 Light film 

P16 AP/ch Cronic cough F 2.3 8 65 100 42 250 0.04 1 - 

P17 PA/ch/bak TB M 6 - 120 100 58 250 0.08 1 -- 

P18 AP/ch TB F 9m 5.5- 65 180 42 250 0.04 2 - 

P19 L/ch/bak Pain full, M 16 2 150 100 62 250 0.1 1 -- 

P20 PA/ch/bak Cronic cough F 11 9 130 180 58 250 0.08 1 - 

P21 AP/ch TB F 1m 57 - 180 40 250 0.03 1 -- 

P22 AP/ch Cronic cough F 1.5 - 75 100 44 250 0.04 1 - 

P23 AP/wrist Bone age F 17 6 140 100 44 100 0.05 1 -- 

P24 AP/ch Chronic cough F 3 7 90 100 44 250  1 - 

P25 AP/wrist Bone age M 5m - 60 100 44 100  1 -- 

P26 AP/wrist Bone age F 10m 27 58 100 44 100 0.04 1 - 

P27 PA/ch/ malfunction M 10 25 130 180 42 250 0.08 1 -- 

P28 
PA/ch/ Anemia,cough M 1.6 25 130 180 46 250 0.08 2 Light film 

PA/ch/ TB M 1.6 25 130 180 50 250 0.1 1 -- 

P29 Ap/Thoracic vertebra back pain M 13 34 150 100 60 100 0.2 1 - 
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Appendix :4 

Suggested Q.C program for Conventional x-ray 

 

No. 
Test Frequency Limit 

1 
Visual checks. Monthly  

2 
Reproducibility of kvp 

Annually 

 % cv = ± 5% 

3 
Kvp accuracy test 

Annually 

 % cv = ± 5% 

4 
Linearity test 

Annually 

 % lc ≤ 5% 

5 
Focal spot size. 

Annually 

  

6 Screen film contact test 

Annually 

  

7 Collimation and alignment 

Monthly 

 

Light/x-ray field must not Differ more than 

1cm on each side for a sid 

(soured to image distance) 

of 100 cm. (1 % of sid) Alignment must be ≤ 3 

(large circle). 
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8 

Coincidence of radiation 

 beam and light beam. 

Monthly 

 

Light & x-ray field must not  

differ more  than 1% of SID. 

9 

Alignment of x-ray center to 

 center of bucky. 

Monthly :- Deviation = <2% of SID 

10 Accuracy of collimator indicator Monthly Deviation = <2% of SID 

11 Sensitometry 
Daily 

B+F may not more than  

0.03 OD. 

12 Developer temperature 
Daily 

Repeated daily temperature 

 Must  be with in  1c ْof value prescribed 

by manufacturer. 

13 Dark room cleanliness. 
Daily or weekly  

14 Fog level in dark room 
Biannually 

Difference in OD = < 0.05 

 for 2 min. 

15 HVL 
Annually  

16 

Radiation emitting by  

Capacitor units without. 

 exposing . 

Annually 

 

Dose rate = < 0.03 mR/min  or  

 1.8 mR/hr 

17 

Radiation emitting by  

Capacitor units during  

exposure. 

Annually 
Dose rate = < 100 mR/hr 

18 Leakage radiation – all units Annually 

100 mR/h at 1m in all 

 direction  

from  the focal spot 



 

 63 

Appendix:5 

The Guidance levels for diagnostic radiography (typical adult patient) 

 

Examination 

Entrance surface dose  

per radiograph 

(mGy) 

Lumbar spine AP 10 

Lumbar spine LAT 30 

Lumbar spine LSJ 40 

Abdomen, IVU and cholecystography AP 10 

Pelvis AP 10 

Hip joint AP 10 

Chest PA 0.4 

Chest LAT 1.5 

Thoracic spine AP 7 

Thoracic spine LAT 20 

Dental peri-apical 7 

Dental AP 5 

Skull AP 5 

Skull LAT 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 64 

 

Glossary 

Beam: 

Commissioning 

The process during which structures, systems and components of a facility, having 

been constructed, are made operational and verified to be in accordance with design 

specifications and to have met the performance criteria.. 

Detector 

A device element of a detector unit or array which receives X-rays and responds by 

producing an electrical or light signal. The entire assembly of X-ray receiver may 

contain a single element of a detector or an array of detectors. 

Deterministic Effect 

A radiation effect for which generally a threshold level of dose exists above which the 

severity of the effect is greater for a higher dose. Also called non stochastic, acute and 

early effects. 

Dose 

A measure of the radiation received or absorbed by a target. The quantities termed 

absorbed dose, organ dose, equivalent dose, effective dose, committed equivalent 

dose, or committed effective dose are used, depending on the context. The modifying 

terms are used when they are necessary for defining the quantity of interest. 

Dose-Area Product 

The product of the cross-sectional area of a radiation beam and the average dose 

delivered, which is used in diagnostic radiology as a measure of energy imparted. 

Dose Assessment 

Means the dose assessment made and recorded by an approved dosimetry service. 

Dose Limit 

The value of the effective dose or the equivalent dose to individuals from controlled 

practices that shall not be exceeded. 

Dose rate 

Dose per unit time or the rate at which a person or part of person would receive a dose 

of ionizing radiation from external radiation if he were at that place. 

Dosimetry 
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Measurements and/or calculations performed in connection with the determination of 

radiation dose and/or dose distributions in the irradiated volume. 

Effective Dose 

The quantity E, defined as a summation of the equivalent dose in tissue (HT), each 

multiplied by the appropriate tissue weighting factor (WT). E = ∑ WT.HT The unit of 

effective dose is joule per kilogram (J.kg-1), termed Sieve. 

Equivalent Dose 

The quantity HT,R defined as: HT,R = DT,R .WR 

where DT,R is the absorbed dose delivered by radiation type R averaged over a tissue 

or organ T, and WR is the radiation weighting factor for radiation type R. When the 

radiation field is composed of different radiation types with different values of WR, 

the equivalent dose is defined as: 

HT = ∑ DT, R .WR. 

R: 

The unit of equivalent dose is joule per kilogram (J.kg-1), termed Sievert (Sv). 

Exposure 

The act or condition of being subject to irradiation. Exposure can be either external 

exposure (irradiation by sources outside the body) or internal exposure (irradiation by 

sources inside the body). Exposure can be classified as either normal exposure or 

potential exposure; occupational, medical or public exposure; and, in intervention 

situations, either emergency exposure or chronic exposure. The term exposure is also 

used in radiodosimetry to express the amount of ionization produced in air by ionizing 

radiation. 

Filter 

A radiation attenuating material incorporated in the path of the radiation beam to 

absorb preferentially the less penetrating components of the useful beam. It may 

consist of a permanent filter which is an integral part of the X-ray tube housing and 

which cannot be removed by the user, and/or an added filter which is intended to 

increase the total filter thickness. 

Focal Spot 

That area of the anode in an X-ray tube on which X-ray-producing electrons are 

incident. 

Grid 



 

 66 

A device composed of alternate strips of lead and radiolucent material encased and 

suitably placed between the patient and X-ray film to absorb scattered radiation. 

"Potter Bucky grid" or "Bucky" means a device containing a grid and a mechanism to 

impart motion to the grid during radiography exposure. 

Guidance level 

 A level of a specified quantity above which appropriate actions should be considered. 

In some circumstances, actions may need to be considered when the specified quantity 

is substantially below the guidance level. 

Guidance level for medical exposure 

A value of dose, dose rate or activity selected by professional bodies in consultation 

with the Regulatory Authority to indicate a level above which there should be a review 

by medical practitioners in order to determine whether or not the value is excessive, 

taking into account the particular circumstances and applying sound clinical judgment. 

Investigation level 

The value of a quantity such as effective dose, intake, or contamination per unit area 

or volume at or above which an investigation should be conducted. 

Ionizing radiation 

For the purposes of radiation protection, radiation capable of producing ion pairs in 

biological material(s) e.g. Gamma rays, X-rays or rays consisting of alpha particles, 

beta particles, neutrons, protons and other nuclear subatomic particles. 

Kerma 

The quantity K, defined as: 

K = dEtr /dm 

where, dEtr is the sum of the initial kinetic energies of all charged ionizing particles 

liberated by uncharged ionizing particles in a material of mass dm. The SI unit of 

kerma is the joule per kilogram (J.kg-1), termed gray (Gy). 

Kilovolt  Peak (KVp) 

The peak kilo-voltage applied across an X-ray tube. 

Lead Equivalence 

The thickness of lead, which, under specified conditions of irradiation, affords the 

same attenuation as the material under consideration. 

Leakage Radiation 
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Any radiation coming out of the source/tube housing, except the useful beam or 

primary beam. 

Medical exposure 

Exposure incurred by patients as part of their own medical or dental diagnosis or 

treatment; by persons, other than those occupationally exposed, knowingly while 

voluntarily helping in the support and comfort of patients; and by volunteers in a 

programme of biomedical research involving their exposure. 

Mobile Equipment or Portable Equipment 

Equipment intended to be carried from one location to another between periods of use. 

Noise 

A point-to-point variation in image density that does not contain useful information. 

Normal Exposure 

An exposure which is expected to be received under normal operating conditions of an 

installation or a source, including possible minor mishaps that can be kept under 

control. 

Organ Dose 

The mean dose  DT in a specified tissue or organ  T  of the human body, given by: 

 

where   is the mass of the tissue or organ and  D  is the absorbed dose in the mass 

element  dm. 

Over Exposure 

Any exposure of a person to ionizing radiation to the extent that the dose received by 

that person causes a dose limit relevant to that person to be exceeded or, causes a 

proportion of dose limit relevant to any employee to be exceeded. 

Potential exposure 

Exposure that is not expected to be delivered with certainty but that may result from 

an accident at a source or owing to an event or sequence of events of a probabilistic 

nature, including equipment failures and operating errors. 

Protective Barrier or Shielding 
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A barrier of radiation-attenuating material used to reduce radiation levels. 

Protection and Safety 

The protection of people against exposure to ionizing radiation or radioactive 

substances and the safety of radiation sources, including the means for achieving such 

protection and safety, such as the various procedures and devices for keeping people's 

doses and risks as low as can reasonably be achieved and below prescribed dose 

constraints, as well as the means for preventing accidents and for mitigating the 

consequences of accidents should they occur. 

Public Exposure 

Exposure incurred by members of the public from radiation sources, excluding any 

occupational or medical exposure and the normal local natural background radiation 

but including exposure from authorized sources and practices and from intervention 

situations. 

Quality Assurance 

Planned and systematic actions necessary to provide adequate confidence that an item 

or facility will perform satisfactorily in service as per the design specifications. 

Quality Control 

The regulatory process through which the actual quality performance is measured  

compared with existing standards.. 

Radiation Protection Officer 

An individual technically competent in radiation protection matters relevant for a 

given type of practice who is designated by the registrant or licensee and who in the 

opinion of the regulatory authority, is qualified to oversee the application of the 

requirements of the Standards for radiation protection.. 

conditions or limitations as appropriate. The requirements for safety assessment and 

the conditions or limitations applied to the practice should be less severe than those for 

licensing. 

Stochastic effects of radiation 

Radiation effects, generally occurring without a threshold level of dose, whose 

probability is proportional to the dose and whose severity is independent of the dose. 

Also called long term, chronic and late effects. 

Safety 

Protection of all persons from under radiological hazard. 
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Intervention 

Any action intended to reduce or avert exposure or the likelihood of exposure to 

sources which are not part of a controlled practice or which are out of control as a 

consequence of an accident. 

Intervention level 

The level of avertable dose at which a specific protective action or remedial action is 

taken in an emergency exposure situation or a chronic exposure situation.  

Milliampere-seconds (mAs) 

The product of the current through X-ray tube in mA and the duration of the exposure 

in seconds. 

Trainee 

A person aged 16 year or over (including a student) who is undergoing instruction or 

training which involves operations which would, in the case of an employee, be work 

with ionizing radiation. 


