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Abstract:

Diagnostic x-ray examinations play an important role in the health care of the 
population. These examinations may involve significant irradiation of the patient 
and probably represent the largest man-made source of radiation exposure for the 
population. This study was performed in Khartoum Teaching Hospital in period of 
January to June 2014. This stirdy was performed to assess the effective dose (ED) 
received in skull radiographic examination and to analyze effective dose 
distributions among radiological departments under study. The stirdy was 
performed in Khartoum Teaching Hospital, covering two x-ray units and a sample 
of 50 patients. The following parameters were recorded: age, weight, height, body 
mass index (BMI) derived from weight (kg) and (height (m)) and exposure factors. 
The dose was measured for skull x-ray examinations. For effective dose calculation, 
the entrance surface dose (ESD) values were estimated ftom the x-ray tube output 
parameters for skull AP and lateral examinations. The ED values were then 
calculated ftom the obtained ESD values using IAEA calculation methods. 
Effective doses were calculated from energy imparted using ED conversion factors 
proposed by IAEA. The results of ED values calculated showed that patient 
exposures were within the normal range of exposure. The mean ED values 
calculated were 3.03 0.08 and 4.23 ± 0.61 for skull AP and lateral examinations, 
respectively. Further stirdies are recommended with more number of patients and 
using more than two modalities for comparison.



ا٠ المستخلعس

شعة  هذه تنطوي قد للس!ن. الصحية الرعاية يف هاما -ورا تلعب التخشيصية السينية ا

شعاع من كبري $قدار ا$رىض تعرض ع" الفحوصات  تعرض مصدر اكرب 'ثل ورمبا ا
شعة قياس قدمت للس!ن. لألشعاع صنايع  من مفيد تقي- إنتاجها ي, اليت ا$ؤينة من السينية ا
شعة قياس ا$متصة. الطاقة امجايل  ا$متصة. الطاقة امجايل عن مفيد تقي- يوفر ا$نتجة ا$ؤينة ا

 اجريت .2014 يونيو اىل يناير من الفرتة يف التعلميي اخلرطوم مستش0 يف الدراسة هذه اجريت
 يف الفعالة اجلرعات توزيع وحتليل اجلجمة تصوير حالة يف الفعالة اجلرعة لتقي- الدراسة هذه

شعة اقسام  من وحدتني لتمشل التعلميي اخلرطوم مستش0 يف الدراسة اجريت الدراسة. قيد ا

شعة وحدات  ،الطول الوزن، العمر، ا;تية؛ ا$علومات جسلت مريضا. 50 من عينة و السينية ا
 اجلرعة قياس مت التعريض. عوامل و )م( الطول و )جكم( الوزن من ا$س<د و اجلمس كتلة مؤرش

 خمرجات ق- من السطح مدخل جرعة قدرت ،الفعالة اجلرعة حلساب تصويراجلجمة. حالة يف
شعة انبوب  علهيا ا$حتصل الق- من الفعالة اجلرعة حساب مت مث ومن اجلجمة. تصوير حالة ىف ا

 حساب مت مث ومن الذرية. للطاقة العا$ية الواكلة حساب طريقة باستخدام السطح مدخل جرعة من
 عن ا$قرتحة التحويل عوامل باستخدام الفعالة اجلرعة بواسطة ا$نقولة الطاقة من الفعالة اجلرعة
 يساوي تصويراجلجمة حالة يف ا$حسوبة الق- متوسط اكن الذرية. للطاقة العا$ية الواكلة طريق

 هذه مثل من با$زيد ينصح مليغراي.(4.23لج0.61) يساوي واجلانيب مليغراي (3.03لج0.08)
شعة للتصوير طريق من اكرث باستخدام و مستقبال الدراسات لملقارنة. السينية با

؛٧
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Chapter One

Introduction and Literature Review

1.1.Introduction:

When the ionizing radiation penetiates the human body or an object, it deposits 

energy. The energy absorbed from the exposure to radiation is called a dose. 

Exposure is the third of the important fimdamental non-stochastic quantities with 

which we are concerned in radiological physics. It is historically the oldest of the 

Three, and in the earlier times (before 9162) was known as “exposure dose”; still

earlier (before quantity

measured in terms of the roentgen (R) unit, which had been defined by the ICRU 

in 1928 by convention exposure is defined only for x-ray and gamma ray photons. 

Exposure is symbolized by X, and is defined by ICRU (1980) as “The quotient of 

dQ by dm, where the value of dQ is the absolute value of the total charge of the 

ions of one sign produced in air when all the electrons (negations and positrons) 

liberated by photons in air of mass dm are completely stopped in air. Radiation 

dose quantities are described in three ways: absorbed, equivalent, and effective. 

The amount of energy deposited in a substance (e.g., human tissue:), is called the 

absorbed dose. The absorbed dose is measured in a unit called the gray (Gy). A 

dose of one gray is equivalent to a unit of energy (joule) deposited in a kilogram of 

a substance. When radiation is absorbed in living matter, a biological effect may be 

observed. .However, equal absorbed doses will not necessarily produce equal 

biological effects. The effect depends on the type of radiation (e.g., alpha: beta:

gamma etc) and the tissue or organ receiving the radiation. A radiation weighting
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factor (Wr) is used to equate different types of radiation with different biological 

effectiveness. This weighted absorbed quantity is called the equivalent dose and is 

expressed in a measure called the (Sv). Sievert. Because doses to workers and the 

public are so law, most reporting and does measurements use the terms millisievert 

(mSv) and which microsievert (pSv) are 1/1000 and 1/1000000 of a sievert 

respectively. These smaller units of the sievert are more convenient to use in 

occupational and public settings. To obtain the equivalent dose, the absorbed dose 

is multiplied by a specified radiation weighting factor (Wr). The equivalent dose 

provides a single unit which accounts for the degree of harm of different types of 

radiation.

1.2. The problem:

In the emergency department, patients undergoing skull radiography examinations 

are positioned either lying on their side on an x-ray table with the x-ray beam 

vertical or lying supine on trolley with the x-ray beam horizontal. Wide variations 

in the patient dose for the same type of x-ray examinations have been evident ftom 

various international dose surveys. Reference dose levels provide a framework to 

reduce this variability and aid in the optimization of radiation protection.

1.3. Objective:

The obijective of aim study was to evaluate the radiation dose received in skull 

radiographic examination.

1.3.1. Specific objectives:

٠ To calculate the Estimated Skin Dose (ESD)

٠ To compare the dose received by organs to standard levels

2



٠ To check the relationship between the dose received by organs and Body 

Mass Index (BMI)

1.4.Skull Radiology

The importance of plain radiography of the skull has diminished in recent years 

due to the widespread availability of imaging modalities such as computed 

tomography (CT) and magnetic resonance imaging (MRI). These play a much 

more significant role in the management of a patient with a suspected intracranial 

pathology and either one would usually be the modality of choice if such a 

pathology were suspected. Plain radiography does, however, still play a significant 

role in the management of patients with certain skeletal conditions and, to a limited 

extent, in trauma, e.g. when a depressed or penetrating injury is suspected or if the 

patient is difficult to assess. Consequently, a significant number of referrals are 

still received ftom accident and emergency department. In order to produce high - 

quality images of the cranium and minimize risk for the patient, the radiographer 

must have a good understanding of the relevant anatomy, positioning landmarks 

and equipments used for imaging. This should be coupled with an ability to assess 

the patient’s ability and thus apply the correct technique in any given situation.

1.5. Interpretation of skull images:

Skull films are recognized to be among the most difficult to interpret due to the 

complexity of the bony construction (numerous bones joined by suhrres) and 

arterial and venous markings in the diploe, all of which may mimic ftachrre. 

Anteriorly, the complex facial skeleton is superimposed over the lower part of the 

skull vault; the dense petrous temporal bone also obscures detail. Frachrres of the 

skull base are important because of the risk of cerebrospinal fluid (CSF) leak and

٠
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spread of infection to the intracranial contents, hut they arc hard to demonstrate 

due to the thin, flat nature of the hones and superimpositioil ot the' lacia؛ skeleton 

and petrous bone. Superimpositioir of other unwanted structures, including 

pon ails, hair clips, and hair matted with blood, can cause contusion. Surgica؛ 

clips used for wound closure should not cause confusion, attd the) may help by 

marking the site of injury, 'rhe initial interpretation of a skull tilm series will often 

be done by a clinician who is relatively inexperienced in trauma radiology. 1 hey 

will need the highest-quality examination possible.

1.6. Radiographic anatomy and positioning of skull:

In order to evaluate radiographs successfully, it is important to be aware of a range 

of anatomical features. This will enable a judgment to be made in relation to the 

quality of the radiograph with respect to positioning. The radiograplis below show

a range of features that are used in image evaluation.

Figure 1-1. the skull x-rays projections

1.7. Radiographic Techniques:

To describe a skull projectiorr, it is necessary to state the relative jrositions ot tile 

skull planes to the image receptor and the central ray relative to skull planes image

4



receptor and to give a centering point or area to be included within tlie beam. 

Traditionally, a centering point has always been given, but this may not always be 

appropriate. This is because some centering points will lead to the irradiation ot a 

large number of radiosensitive structures that are of no diagnostic interest. Ratlier 

than focusing entirely on centering points, it is often better for tire radiographer to 

be mindful of the anatomy that ireeds to be demonstrated for a diagnosis to Ire 

made and to ensure that this is included within the primary beam, whilst ensuring 

that it is not obscured by other structures.

1.7.1. Occipito-frontal projections:

Projections in which the central ray is parallel to the sagittal plane are named 

according to the direction of the central ray. In the photograph below, tlie central 

ray enters the skull througlr the occipital bone and exits througfr tlie frontal bone. 

This is therefore an occipto-frontal (OF) projection in (Figure 1 -2).

Figure 1-2. An occipto-ftontal (OF) projection of skull

5



1.7.2Fronto- occipital projections:

Projections in which the central ray is parallel to the sagittal plane, except that tile 

central ray now enters the skull through the frontal bone and exits through the 

occipital bone.

Figure 1-3. A fronto-occipital (FO) projection of skull 

1.7.3٠Lateral projection of the skull

From the basic positiorr, the table is moved down 4O-6Omm (depending on the 

head size) along its longitudinal axis, such that the positions of cross liglrts on the 

light beam diaphragm move srrperiorly in relation to the patient’s lread. s١ving the 

ceiling arm round through 90 degrees, such that it is parallel with the median 

sagittal plane. The hrbe arm is now moved 90 degrees, such that the central ray will 

be perpendicular to the median sagittal plane. It can be rotated in either direction, 

so a left or right lateral can be obtained, ft is preferable, however, to arrange tlie 

cassette on the side of the patient’s head that is closest to the injur). Confine the 

beam to the size of the head using the iris collimator in (figure 1-4).

6
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1.7.4.Patient preparation:-

Before undertaking skull radiography, the following specific considerations should 

be made:

٠ Ensure that all metal objects are removed from the patient, e.g. hair clips and 

hairpins.

٠ Bunches of hair often produce artefacts and thus should be untied.

٠ If the area of interest includes the mouth, then false teeth containing metal and 

metal dental bridges should be removed.

The patient should be provided with a clear explanation of any movements and 

film positions associated with the normal operation of the skull unit.

Non-isocentric skull technique should be undertaken when there is no isocentric 

skull unit available or the patient's condition will not allow them to be transferred 

on to the skull unit table. Images are acquired using a 24-3O-cm cassette. Grid 

cassettes are used when it is impossible to use a Bucky grid system.

The patient lies supine, with the head raised and immobilized on a non-opaque 

skull pad. This will ensure that the occipital region is included on the final image. 

The head is adjusted, such that the median sagittal plane is perpendicular to the 

table/trolley and the inter-orbital line is perpendicular to the cassette. The 

horizontal central ray is directed parallel to the inter-orbital line, such that it is at 

right-angles to the median sagittal plane. Centre midway between the glabella and 

the external occipital prottiberanee to a point approximately 5 cm superior to the 

external auditory meatus. The long axis of the cassette should be coincident with 

the long axis of the skull.

1.8.Essential image characteristics
٠
ا

The image should contain all of the cranial bones and the first cervical vertebra. 

Both the inner and outer skull tables should be included. A true lateral will result in



perfect superimposition of the lateral portions of the floors of the anterior cranial 

fossa and those of the posterior cranial fossa. The clinoid processes of the sella 

hircica should also be superimposed. This projection is performed as part of the 

Advanced Trauma and Life Support (ATLS) primary screen. Skull-base frachires 

are potentially life-threatening due to the risk of intracranial infection and are often 

very difficult to detect. Lateral skull projections taken supine with a horizontal 

beam may reveal sinus fluid levels, which may be a marker of skull-base injury. 

They may also help to confirm the presence of ftee intracranial air, which is 

another sign of breach of the integrity of the cranium.

1.9.Dose Measurement in Conventional x-rays

One of the typical human diagnostic techniques is x-ray the x-ray examination 

depends on the range of radiation given to the subiject. The radiation from the x-ray 

depends primarily upon the x-ray lube current (mA) tube voltage (kVp) and 

exposure time (s). Assessment of radiation exposure during x-ray examination 

are of great importance in range of radiation given to the subject. Pediatrics 

radiology should be governed with high professionals techniques to mininrize 

radiation hazard on children while they are examined by x-ray parameters 

which involved in this project are X-ray tube voltage, x-ray tube current 

and the distance between the x-ray hrbe and patient's skin(child): Different 

radiographic examinations representing different radiographic techniques (tube 

voltage and current) were recorded reflecting the variety in the radiation exposure 

value, computer program was used to calculate the entrance skin exposure. The 

results show that the radiation exposure was still below the value of risk at this 

Time of exposure ranging between (0.04-0.14) second. Arthritis is recognized as a 

major public health problem. Arthritis and related musculoskeletal disorders are 

ftequently chronic, disabling and painfirl. It is estimated that the total economic9



cost to the u.s. of musculoskeletal conditions was over $65 billion in 1984. 

Indirect costs from lost earnings and services represent a lugh proportion of these 

costs. These diseases represented the second most common cause of comorbidity 

in the Framingham Stu. The ideal mechanism for measuring the incidence and 

prevalence of these chronic conditions and their impact is through a survey which 

includes a physical examination, radiographs, laboratory tests and otlier procedures 

on a broad representative sample of the population. Case identification of the 

arthritidesis a major concern to those interested in obtaining complete and accurate 

figures. Many individuals do not know and therefore cannot report on what 

specific rheumatic disease affects them. The American Rheumatism Association 

definitions of a case are based on highly structured diagnostic criteria whiclr, for 

osteoarthritis and rheumatoid arthritis, require radiologic evidence. With the 

emphasis in this survey on the health of the elderly, NHANES III provides a. 

particularly appropriate context and population for the sfirdy of musculoskeletal 

conditions. The major diseases to be identified are rheumatoid arthritis, 

osteoarthritis and gout. Cases will be defined by use of questions on characteristic 

symptoms of the various disease; a physician's examination. Focusing on pain, 

tenderness, swelling and deformities of specified joints; x-rays of the hands and 

wrists, and knees; and various serological analyses, including rheumatoid factor 

and C-reactive protein. In addition to assessing the prevalence of the rheumatic 

disease, it is important to measure the brrden of the diseases on the daily life of 

individuals. This infonnation is necessary to establish health priorities and to 

monitor the effectiveness of interventions in rheumatic disease. A series of 

questions that cover mobility, physical activity and ability to care for oneself are 

included to determine the extent of frrnctional impairment (Ref.5).

10



!.!().Effective dose:

Radiation exposures to the human body, whether from external or internal sources, 

can involve all or a portion of the body. The health effects of one unit of dose to 

the entire body are more harmful than the same dose to only a portion of the body, 

eg, the hand or the foot. To enable radiation protection specialists to express 

partial body exposures (and the accompanying doses) to portions of the body in 

terms of an equal dose to the whole body, the concept of effective dose was 

developed. Effective dose, then, is the dose to the whole body that carries with it 

the same risk as a higher dose to a portion of the body. As an example, 8 rem (80 

mSv) to the lungs is roughly the same potential detriment as 1 rem (10 mSv) to the 

whole body based on this idea table (1-1) (Ref.3).

E =ZtWtDt _______________ (1)

Where: E=effective dose, Wtissue weight factor, D=mean dose to tissue T

11



Table 1-1. The evolving tissue weighting factor

Tissue Type ICRP 26 
(1977)

ICRP60
(1991)

Gonads 0.25

Red bone Marrow 0.12

Colon

Lungs 0.12

Stomacl

Bladder

Breast 0.15

Liver

Esophagus

Thyroid 0.03

Skin

Bone Surface 0.03

Remainder 0.30

0.20

0.12

0.12

0.12

0.12

0.05

0.05

0.05

0.05

o
0.01

0.01

0.05

ICRP Draft

(Proposed 2005)

0.08

0.12

o

0.12

0.12

0.12

0.12

0.12

0.04

0.04

0.01

0.01

0.01

!.!!.Estimate of the skin dose for skull radiography:

In diagnostic radiology there are fundamentally two reason for measuring or 

estimating radiation dose to patients firstly: measurement provide a means for 

setting and checking standards of good practice as an aid to optimization of patient 

protection. Secondly: estimate of techniques as properly justified and cases ol' 

accidental over exposure thoroughly investigated .both the optimization and

12



justification of diagnostic medical exposure are receiving increasing attention with 

the realization that clinical x-rays make the major contribution from man-made 

source to collective population doe in developed countries and that there is 

considerable potential for reducing dose without determine to patient care. 

Diagnostic x-ray examinations play an important role in the health care of the 

population. These examinations may involve significant irradiation ol' the patient 

and probably represent the largest man-made source of radiation exposure for the 

population. Radiation has been long known to be harmfirl to humans. The radiation 

exposure received in x-ray examinations is known to increase the risk of 

malignancy as well as, above a certain dose, the probability of skin damage and 

cataract. The biological effect of radiation depends on the total energy of radiation 

absorbed (in joules) per unit mass (in kg) of tissue or organ. This quantity is called 

absorbed dose and is expressed in Gray (Gy). Deterministic effect e and acoustic 

effect. The radiation dose resulting from medical diagnostic procedures is the 

largest contributor of the population dose because a large number of x-ray 

examinations are conducted every year globally. The patient dose resulting from an 

x-ray diagnostic procedure depends on:

٠ Number of parameters such as:

٠ Energy of the x-ray beam

٠ Beam current

٠ Exposure duration

٠ Type of image recording system (Mould, 2005)

If a patient is exposed to an x-ray beam, some x-ray photons will pass through the 

patient without any interaction, and therefore will produce no biological effect. On 

the other hand X-ray photons which are absorbed may produce effects. Absorbed

13



dose of radiation can be measured and/or calculated and form basic, evaluation of 

the probability of radiation induced effects. In evaluating biological effects of 

radiation after a particular exposure of the body, further factors such as the varying 

sensitivity of different tissues and absorbed doses to different organs have to be 

taken into consideration. To compare risks of partial and whole body irradiation in 

diagnostic radiology effective dose is commonly used, and is expressed in sievert 

(Sv). In today’s diagnostic radiology, there is a growing concern about radiation 

exposure. This can be seen in the recommendations of the International 

Commission on Radiation Protection (ICRP) and many other national publications. 

All these recommendations advice that x-ray examinations should be conducted 

using techniques that keep patients doses as low as compatible with the medical 

purposes of the examinations. In order to achieve this recommendation, it is 

necessary to understand the factors that affect the exposure and to be able to 

evaluate patient’s doses. Intensive shidies in the field of patient dose were 

conducted in the United Kingdom (UK) (Dance, 2008). These studies eventually 

lead to the introduction of the European Union Council Directive which made it 

compulsory that patients dose measured in every hospital should be compared to 

reference dose levels established by the competent authorities. The need for 

standardization of radiation exposure and guidance levels for various radiographic 

examinations has also been proposed by the International Atomic Energy Agency 

(IAEA) as a safety standard. The guidance levels by IAEA are based on UK and 

European shidies (Ref.7). Several guidelines and dose reference levels were also 

published by number of international organizations and was recently summarized 

by ICRP. These guidelines have stimulated worldwide interest in patients’ doses 

and several major dose surveys have been conducted. Patient dose has often been 

described by the entrance skin dose (ESD) as measured in the center of the x-ray 

beam. Because of the simplicity of its measurement, ESD is considered widely as14



the index to be assessed and monitored. ESD is measured directly using 'rhermo 

luminescence. Dosimeter (TLD) placed on the skin of the patient or indirectly tom 

the measurements of dose-area product using a large area Transmission Ionization 

Chamber (TIC) placed between the patient and the x-ray tube. The use of TLD 

method in ESD assessment is a time consuming process. TLD technique requires 

prolonged annealing and reading process. Furthermore, the use of TLD technique 

requires special equipments and thorough calibration facilities which may not be 

available in most x-ray departments. On the other hand TIC method does not 

provide direct measurement of skin dose and mathematical equations are needed to 

convert TIC reading into Skin dose. Because of the limitations associated with both 

TLD and TIC transmission ionization chamber, several mathematical equations 

have been suggested to relate skin dose to the used exposure factors such as the 

applied:

1. mAs

2. Surface to skin distance (SSD),

3. Filtration

4. Field size

5. Output

6. The applied kvp.

These equations provide an easy and more practical mean of estimating skin dose 

even before exposure. They also provide the easiest and cheapest technique can be 

employed in any kind of patient dose survey or audit. Despite the attactive nature 

of the calculation methods of patient dose, one should make sure that the used X- 

ray equipment has an adequate QC protocol that ensures the accuracy of the 

measured exposure factors. For the purpose of dose estimate, charts and 

monograms have been published figure 1-7 (Ref.5).15



Figure 1-7. Iou chamber on doseproduc meter which is attached to (liaphragnt housing.

1.12. Entrance Surface Dose:

The dose product area is most conventionally measured with specially design dose 

area product meters consist of large parallel pate ionization chambers with suitable 

electrometer the response of which in term of charge collected is proportional botli 

of area of the chamber that is exposed to the primary x-ray beam and to tlic dose. 

When the chamber setup perpendicular and the center of x-ray beam axis in a 

position where beam area will never of chamber its response is proportional to 

product of beam area and the dose whicli is same in all planes normal to tire beairr 

axis. These monograms and charts allow skin dose to be determined graphically 

over the diagnostic range of kVp, source to skin distance SSD and filtration. The 

use of those monograms and charts may be difficult and time consuming. An easier 

approach is to develop a functional relation between skin ،lose and tire radiograpilic 

parameters such as kp, mAs, SSD and filtration. Such an equation would make
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skin dose estimation much easier and practical. Although ESD may be sufficient 

for quality control measurements where the stability of the x-ray equipnaent is 

often of concern, the entrance dose is not sufficient for comparison or evaluation of 

acftial patient dose and associated risk. If the risk involved in an x-ray examination 

is to be estimated, ESD is not sufficient and patient dose needs to be described by 

other quantity that is more directly related to radiation effect. At present, it is 

considered that radiation-induced effect can be assessed by virtue of the radiation 

doses in different organs or tissues in the body Such data (organ dose) cannot be 

measured directly in patients undergoing x-ray examinations, and are difficult and 

time consuming to be obtained by experimental measurements using physical 

phantoms. One way of estimating internal dose of a patient is the percentage depth 

dose method. Percentage depth dose is defined as the ratio of the absorbed dose at' 

a certain depth to the dose at a reference depth (usually skin dose). Percentage 

depth dose is usually measured using a water phantom and ionization chamber. 

The dose is measured at the surface of the phantom and at various depths within 

the phantom. The percentage depth doses at various depths are then calculated. 

Patient’s organ dose is then calculated from the knowledge of the organ depth and 

the previously calculated percentage depth. Provided that sufficient information 

regarding the exposme technique and patient size are available, organ doses can be 

calculated to a reasonable approximation using Monte Carlo simulation or depth- 

dose techniques.

Korle-Bu stated in his study that protecting the eyes and thyroid is of particular 

importance during diagnostic imaging of the skull. Given the unavoidable potential 

harmful effect associated with exposure to ionizing radiation, it is important not 

just to provide thyroid shielding in skull examination, but also to measure patient 

doses, and reduce them wliere possible. This study estimated the patient dose in
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skull radiographic examinations in ten hospitals in Ghana. Dose measurements 

were calculated on 365 patients. The entrance surface dose (ESD) was determined 

by an indirect method, using the patient’s anatomical data and exposure parameters 

utilized for specific examination. The Quality Assurance Dose Database Software 

(QADDS) developed by Integrated Radiological Services Ltd. In Liverpool, UK 

was used to generate the ESD values. The study identified variations in the 

technique factors used compared with the recommendations in the European 

commission qirality criteria. Sixty percent (60%) and 70% of the hospitals 

exceeded the DRL values for UK 2005 postero-anterior and lateral projections 

respectively. The variations in the data recorded demonstate the importance of 

quality assurance and standardization of protocols to ensure the satisfactory 

standards and optimized radiation dose to patients and stafL
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Chapter Two

Materials and Methods

2.1. Materials:

2.1. !.Equipments:

In the present study, three different modalities x-ray machines, from different 

manufacture were used as described in Table 2.1

Table 2.1. x-ray equipments specifications

Manufacturer Type Focal Spot

(mm)

Filtration

(mm ٨1)

Max kVp Max

mAs

Max

Time

(s)

Installation

year

Toshiba fixed 12-0.6 2.11 150 640 1.6 2007

Shimadzu fixed 0.5 2.5 150 500 2.2 2005

2.1.2. Patients:

A total of 50 patients were examined in two radiology departments in Khartoum 

teaching hospital. The data were collected using a sheet for all patients in order to 

maintain consistency of the information. The following parameters were recorded 

age, weight, height, body mass index (BMI) derived from weight (kg)/ (height (m)) 

and exposure parameters were recorded. The dose was measured for skull x-rays 

examination. The examinations were collected according to the availability.
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2.2.Methods

2.2.1.Study duration:

This study performed in period of January to June 2014

2.2.2.Study place:

This study conducted in Khartoum Teaching Hospital

2.2.3.Method of data collection

This shrdy involved patients undergoing skull radiographic examinations in the 

emergency department at Khartoum Teaching Hospital. The radiographic 

equipment used was Toshiba imaging system. The target angle for the x-ray tube 

was 12°, and the measured ripple for tube potential was in the region of 1%. Total 

filtration for the x-ray system was measure as 2.7 mm of aluminum equivalent. A 

single exposure contol system was available for use in the under-table or vertical 

position. Preliminary work will establish that lateral skull examinations will carry 

out in two different ways depending on the clinical condition of the patient. 

Patients with good mobility was lying on their side on the x-ray table with the X- 

ray beam vertically above them. Immobile patients was lying supine on a trolley in 

fiont of a vertical bucky with the x-ray beam horizontal. Both teclmiques used 

exposure contol and a tube potential range of between 85 kv and 100 kv 

depending on the patient size. Average filbe potential for both techniques will be in 

the region of 93 kv. With dose audit, there were difficulties in conrplying with the 

requirement to collect dose data for patients of a particular weight range (50-90 

kg) within the busy environment of an emergency department. In this case, the 

decision took to increase the sample size to approximately 50 patients and to 

exclude tlrose of very large or small build but not require the collection of patient
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weight information. Separate sets of DAP dose data were collected lor each of the 

two radiographic techniques.

Dose measurement:

ESD which is defined as the absorbed dose to air at the center of the beam 

including backscattered radiation, measured for all patients using mathematical 

equation in addition to oulput factor and patient exposure factors. The exposure to 

the skin of the patient during standard radiographic examination or fluoroscopy can 

be measured directly or estimated by a calculation to exposure factors 'used and the 

equipment specifications ftom formula below:

ESD = OP X { — X mAs X (٢ }2BSF (2)ي 100) ط )----------------------(

where:

(OP) is the output in mGy/ (mA) of the x-ray hibe at 80 kv at a focus distance of 1 

m normalized to 10 mA s, (kV) the tube potential,( mAs) the product of the tube 

current (mA) and the exposure time(s), (FSD) the focus-to-skin distance (in cm). 

(BSF) the backscatter factor. The normalization at 80 kv and 10 mAs was used as 

the potentials across the x-ray tube and the tube current are highly stabilized at this 

point. BSF is calculated automatically after all input data are entered manually in 

the software. The ttibe output, the patient anthropometrical data and the 

radiographic parameters (kp, mA s, FSD and filtration) are initially inserted in 

the software. The kinds of exanaination and projection are selected afterwards.
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2.2.4. Method of data analysis:

The data was analyzed with SPSS program under windows with t-test to assess the 

significance of data BMI and exposure factor. ICRP dose calculation method used 

to determine dose received by body organs.

2.2.5. Method of data storage:

The data was stored securely in password personal computer (PC).

2.2.6٠ Ethical issue:-

٠ Permission from Radiology Department was obtained.
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Chapter Three

Results and Discussion

3.1. Results:

This study involved 50 patients (%78 male and %22 female) undergoing skull 

radiographic examinations in radiology departments at Khartounr Teaching 

Hospital. The radiographic equipment used was Toshiba and shimadzu imaging 

system. The target angle for the x-ray tube was 12°, and the measured ripple for 

tube potential was in the region of 1%. Total filtration for the X-ray system 

measured as 2.7 mm of aluminum equivalent. ESDs in this shrdy were calculated 

using Dose Cal software. The software was extensively used for patient dose 

measurements in diagnostic radiology and also produced reliable results. For dose 

measurement using the software, the relationship between x-ray unit current time 

product (mAs) and the air kerma free in air was established at a reference point of 

80 cm from tube focus for the range of hrbe potentials encountered in clinical 

practice. The x-ray hibe outputs, in mGy (mA s)21, were measured using Unfors 

Xi dosimeter (Unfors Inc., Billdal, Sweden).This dosimeter was calibrated by the 

manufachrrer and reported to have accuracy better than 5%. ESD is calculated 

using the Dose caculation software according to the equation previously 

mentioned. The results were tabulated in ttre Tables (mean ± standard deviation 

(sd)) and the range of the readings in parenthesis. The dose values in diagnostic 

radiology are small, therefore the dose were presented in milli-Gray. The mean and 

the standard deviation were calculated using the excel software & SPSS program. 

For dose calculation, patient individual exposure parameters were recorded (hrbe 

voltage (kV), hibe current and' exposure time product (mAs) and Focus to skin 

distance (FSD). Patient demographic data (age, height, weight, BMI) were
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presented per department. Patients’ ESD were measured in two radiology 

departments equipped with three different imaging machines. The following 

routine types of x-ray examination of skull. The correlation coefficient which is 

defined as a measure of the degree of linear relationship between two variables, 

usually labeled X and Y used in titis study to describe the relation between two 

variables affect patient dose ESD (mGy) against tube current time product(mAs) 

and tube voltage (kv). Positive correlation coefficients were obtained between 

these values. This means if the value of mAs or kv increases the value of the ESD 

increases.

For the group of patients where age distribution was measured, 12 % of patients 

were within the 0-9 years age range, 20 % of patients were within the 10-19 years 

age range, 32 % of patients were within the 20-29 years age range, 14 % of 

patients were within the 30-39 years age range, 4 % of patients were within the 40- 

49 years age range, 6 % of patients were within the 50-59 years age range, 6 % of 

patients were within the 60-69 years age range and 6 % of patients were within the 

70-79 years age range. The key parameters for this group are shown in Table 3-1.
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Table 3-lThe age distribution for both gender among the study sample

Age Group (years) Male Fewae

0-9 5 1

10-19 8 2

20-29 14 2

30-39 ٦ 0

40-49 1 1

50-59 2 1

60-69 0 3

70-79 2 1

For the group of patients where Body Mass Index (BMI) was measured, 12 % of 

patients were within the 5 ± 10.6 BMI range, 20 % of patients were within the 22 ± 

0.05 BMI range, 32 % of patients were within the 20 0.003 ي BMI range, 14 % of 

patients were within the 27 0.03 ي BMI range, 4 % of patients were within the 26 ± 

0.3 BMI range, 6 % of patients were within the 27 0.01 ي BMI range, 6 % of 

patients were within the 37 0.06 ي BMI range, 6 % of patients were within the 23 ± 

0.03 BMI range and 6 % of patients were within the 23 0.03 ي BM'1 range. The key 

parameters for this group are shown in Table 3-2.
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Table 3-2٠ The mean and standard deviation of Body mass index distribution for botb gender 

among tfte study sample

Age Group (years) Body Mass Index (BMl)

0-9 5±10.6

10-19 22±0.05

20-29 20+0.003

30-39 270.03

4049 26±0.3

50-59 27+0.01

60-69 37±0.06

70-79 3+0 03

For the group of patients where x-rays exposure factors (kVp and mAs) was

 measured, 12 % of patients were within the 51.5 ؛ kVp) 3.73,) 49.5 ؛ 10.1

5.52 ± 58.1 22.36 (mA) range, 20 % of patients were within the 110خ (,Second) 

48.40 (mA) range, 32 % of patients were within 7.42,) 142؛ (Second 51.7؛ (,kVp)

38.1 (mA) range, 14 % of 26.2,) 171.2؛ (Second 7.83,) 62.2 ؛ (kVp 61.6 ؛ the 

 patients were within the 61.5 ؛ kVp) 7.48,) 65.1 ؛ Second) 24.7,) 140؛ 37.06

(,0.0 (Second 67 ؛ (,0.0 (kVp 70.0 ؛ mA) range, 4 % of patients were within the) 

 200؛ range, 6 % of patients were within the (mA) 0.0 72.6 ؛ kVp) 14.6,) 52 ؛

 Second) 8.49,) 186.6؛ range, 6 % of patients were within the (mA) 18.96 67.3 ؛

0.0 (mA) range, 6 % of patients were 6.03,) 200؛ (Second 7.77,) 62.0 ؛ (kVp 

6 22.36 (mA) range and 10.1,) 110؛ (Second 3.73,) 49.5 ؛ (kVp 51.5 ؛ within the 

% of patients were within the 67.0 ؛ kVp) 5.10,) 82.33 ؛ Second) 27.33,) 166.5؛

.3-3 1.49.36 (mA) range. The key parameters for this group are shown in Table
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Table 3-3. Tbe mean and standard deviation of exposure factors nsedfor skull examination in 

tbe study sample

Age group mA
meani SD

kVp
mean±SD

Second
mean±sD

0-9 110.0± 22.36 51.5 ±3.73 49.5± 10.11

10-19 142.0 ±48.40 58.1 ±5.52 51.7 ±7.42

20-29 171.25 ±38.1 61.68 ±7.83 62.18 ±26.24

30-39 140.0 ±37.03 61.57 ±7.48 65.14 ±24.78

4049 200.0 ±0.0 70.0 ±0.0 67.0 ±4.0

50-59 186.66 ±18.96 72.66± 14.60 52.0 ±8.49

60-69 200.0 ±0.0 67.33 ±7.77 62.0 ±6.03

70-79 166.66 ±1.49 67.0 ±5.10 82.33 ±27.33

Table 3.4: Exposure factors, number offilms and dose valuesfor skull exam

Projection kVp naA Time (sec.) Films Dose (mGy)

(mean ث sd)

Antroposterior (AJP) 64.30 161.4 66.2 3.03 ±0.08

Lateral 69.7 160.7 64.7 1 4.23 ±0.61
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3.2. Discussion:

Diagnostic x-ray examinations play an important role in the health care of the 

population. These examinations may involve significant irradiation of the patient 

and probably represent the largest man-made source of radiation exposure for the 

population. Radiation has been long known to be harmfirl to humans. The radiation 

exposure received in x-ray examinations is known to increase the risk ot 

malignancy as well as, above a certain dose, the probability of skin damage and 

cataract. Strategies for reduction of patient doses without loss of diagnostic 

accuracy are therefore of great interest to society and have been focused in general 

terms by the ICRP through the intoduction of the concept of diagnostic reference 

levels. The main objective of aim shrdy was to assess the dose received in skull 

radiographic examination. A total of 50 patients were examined in two radiology 

department which equipped with different imaging modalities in the Khartoum 

teaching hospital Tables 2-1 showed the details of x-rays equipment specifications. 

For the group of patients where age distribution was measured, 12 % of patients 

were within the 0-9 years age range, 20 % of patients were within the 10-19 years 

age range, 32 % of patients were within the 20-29 years age range, 14 % ot 

patients were within the 30-39 years age range, 4 % of patients were within the 40- 

49 years age range, 6 % of patients were within the 50-59 years age range, 6 % of 

patients were within the 60-69 years age range and 6 % of patients were within the 

70-79 years age range. The key parameters for this group are shown in Table 3-1. 

For the group of patients where Body Mass Index (BMI) was measured, 12 % of 

patients were within the 5 ± 10.6 BMI range, 20 % of patients were within the 22 ± 

0.05 BMI range, 32 % of patients were within the 20 0.003 ث BMI range, 14 % of 

patients were within the 27 ± 0.03 BMI range, 4 % of patients were within the 26 ث
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0.3 BMI range, 6 % of patients were within the 27 ± 0.01 BMI range, 6 % of 

 patients were within the 37 ± 0.06 BMI range, 6 % of patients were w ithin the 23 ؛

0.03 BMI range. The key 0.03 23 ؛ BMI range and 6 % of patients were within the 

parameters for this group are shown in Table 3-2. For the group of patients where 

x-rays exposure factors (kVp and mAs) was measured, 12 % of patients were 

% 20 ,22.36 (mA) range 10.1,) 110؛ (Second 3.73,) 49.5 ؛ (kVp 51.5 ي within the 

of patients were within the 58.1 ± 5.52 (kVp,) 51.7 ؛ Second) 7.42,) 142؛ 48.40

 (range, 32 % of patients were within the (mA 61.6 ؛ k٧p) 7.83,) 62.2 ؛ 26.2

 (Second,) 171.2؛ range, 14 % of patients were within the (mA) 38.1 61.5 ؛ 7.48

37.06 (mA) range, 4 % of patients were within 24.7,) 140؛ (Second 65.1 ؛ (,kVp) 

of patients 0.0, 6 )؛أل (mA) range 0.0,) 200؛ (Second 0.0,) 67 ؛ (kVp 70.0 ؛ the 

18.96 (mA) range, 8.49,) 186.6؛ (Second 14.6,) 52 ؛ (kVp 72.6 ؛ were within the 

 of patients were within the % 6 67.3 ؛ kVp) 7.77,) 62.0 ؛ Second) 6.03,) 200؛ 0.0

 (range, 6% of patients were within the (mA 51.5 ؛ kVp) 3.73,) 49.5 ؛ 10.1

 (Second,) 110؛ range and 6 % of patients were within the (mA) 22.36 67.0 ؛5.10

1.49.36 (mA) range. The key parameters 27.33,) 166.5؛ (Second 82.33 ؛ (,kVp) 

for this group are shown in Table 3-3. Dose measurement during skull examination 

have been reported by Ogundare et al (2010) and Berman et al (2007) llie results of 

this study confinn the findings of the two reported shidies, i.e. that conventional 

radiology generally results in high ESDs in lateral projection rather than AP 

projection in both conventional and computed radiology. The comparison between

mean ESD (mGy) in different examination and previous studies using conventional 

radiography. The dose values for all examinations were below tlie previous 

reported studies except the study of Oluwafisoye et al, (2009). This variation could 

be attributed to exposure factors and patient morphologic cliaracteristics and the 

sensitivity of the detectors. The limited experience witli digital technology and the 

teclmologist may attempt to avoid noisy images by using milliampere-second29



settings higher than necessary for good image quality. The effect of the kilovolt 

peak setting on the patient entrance dose at conventional radiology has been 

described by Al-Zahami and Bakheit, (2005) who suggested the use of higher 

kilovolt peak settings with additional filtration and alternative projection to study 

skull pathologies with low dose and high contrast-detail detection ability. In this 

sttrdy, it was found that doses for skull for the entire examination were lower than 

IAEA guidelines (Ref.10). The image quality met the criteria of the departments 

for all investigation. The findings of this sttidy are therefore neither completely 

unexpected nor in contradiction with those of other trials. Therefore the importance 

of dose optimization during CR imaging must be considered.

30



Chapter Four

Conclusion and Recommendations

4.1. Conclusion:

This experimental study performed to measure of dose received in skull x-ray 

examination. In the emergency department, patients undergoing skull radiography 

examination are positioned either lying on their side on an x-ray table with the X- 

ray beam vertical or lying supine on a trolley with the X-ray examirration have 

been evident from various international dose surveys. Reference dose levels 

provide a framework to reduce this variability and aid optimizatiorr of radiation 

protection. A total of 50 patients were examined in two radiology departments in 

Khartoum teaching hospital. The data were collected using a sheet for all patients 

in order to maintain consistency of the infonnation. The following parameters were 

recorded age, weight, height, body mass index (BMI) derived from weight (kg)/ 

(height (m)) and exposure parameters were recorded. The dose was measured tor 

skull x-rays examination. The examinations were collected according to the 

availability. This shrdy involved patients undergoing skull, radiographic 

examinations in the emergency department at Khartoum Teaching Hospital. Tire 

radiographic equipment used Toshiba imaging system. The target angle for the X- 

ray tube was 12°, and the measured ripple for tube potential will be in the region of 

1%. Total filtration for the x-ray system measured as 2.7 m.m of aluminum 

equivalent. Finally, in this study, it was found that doses for knee joint for the 

entire examination were higher. The ESDs for conventional radiology were lower 

in AP than those for lateral projection and LIS respectively. Unlike the previous 

shrdies, the dose in L/S radiography was higher in conventional radiography 

compared to other techniques. Recently digital and computed radiography are
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becoming more popular due to the important advantage of digital imaging is cost 

and access. The image quality met the criteria of the departments for all 

investigation. The findings of this shidy are therefore neither completely 

unexpected nor in contradiction with those of other trials. Therefore the importance 

of dose optimization during conventional radiology imaging must be considered.
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4.2.Recommendations:

٠ MRI is recommended for skull because of their ability to demonstrate the soft 

tissue and muscle beside there is no ionizing radiation exposure.

٠ Digital radiology is recommended for skul imaging because of their high image 

quality and avoidance the examination repetition.

٠ Advance training for medical staff is recommended for radiology staff to reduce 

high dose to patient.

٠ Further shrdies are recommended with more number of patients and using more 

than two modalities for conaparison.
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