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Abstract:

Reference dose levels provide a framework to reduce doses variability 
and aid in the optimization of radiation protection., fhis study w as  

performed in Khartoum Teaching Hospital in period of January' to June 
2014. This study performed to assess the entrance surface dose (ESD) 
received in Cervical Vertebrae radiographic examination and to 
analyze effective dose distributions among radiological departments 
under study. The study was perfonned in Khartoum 'reaching Hospital, 
covering two x-ray units and a sample of 64 patients. The following 
parameters were recorded : age, weight, height, body mass index (BMI) 
derived from weight (kg) and height (m) and exposure foctors. The 
dose was measured for Cervical Vertebrae x-ray examinations . the 
entrance surface dose (ESD) values were estimated from tlie x-ray 
tube output parameters for Cervical Vertebrae AP and lateral 
examinations. The ESD values were then calculated using IAEA 
calculation methods.

The results of ESD values calculated showed that patient exposures 
were within the normal range of exposure. The mean ED values 
calculated were ( 3.85 ±0.04) and (4.02 0.05 ي) mGy for Cervical 
Vertebrae AP and lateral examinations, respectively in department Nal 
and ( 3.990.15 ي) and ( 4.23± 0.34 ) mGy, for Cervical vertebrae Ap and 
lateral examinations respectively in department Na2 , the IAEA standej- 
value of ESD for cervical equal( 7 ),( 20 ) mGy AP and LAT , Furthei. 
studies are recommended with more number of patients and using more 
than, two modalities for comparison.
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الملخص

 من الحمايهة لتحسين الجرعات اختالف من للحد اطارا المرجعية الجرعة ت1مستوي توفر

ع شعا ال ت ا د ر  يوليو الي يانير من الفترة في التعليمي الخرطوم مستشفي في الدراسة هذه ا

2014.

 الجرعات توزبع وتحليل الرقبة عظام تصوير في الضاله الجرعة لتقيم الدراسه هذه اجريت

 تشمل التعليمي الخرطوم مستشفي في الدراسة ٥هذ واجريت الدراسة قيد االثععة قسم في السالة

العمر االتية المعلمات سجلت ثم ومن . مريض 64 من عينة السينيه االشعة حدات من حدتين

ن5 ز ش ل ا و ط ة و وال ر ش ؤ ة م ل ت سم ك ج مد ال ست م ن ال ن م ز و ل (كجم) ال و ط ل ) وا م ل ( م و ع ض و ر ع ت ل  تم . ا

جرءة١ قياس ي ل ة ن ل ر حا ي و ص م ت ظا ة ع رقب ل ب ا سا ح ة ل ع ر ج ل ة ا عال ف ل ت ا خذ ه وا ع ر ل ج خ د  السطح م

ت قيم ض ب مخرجأ و ب ن ة ا ع ش ال ه في ا ل ر حا ي و ص م ت ظا ة ع رقب ل س ا ما ال ي ا ب ن جا ل ن وا م م و ب ث سا  ح

ء ر ج ل ى ة٠ا ة١الف ن ل م م قي ل ال ص ح مت ل ها ا ن علي ة م ع ر ل ج خ د ح م ص س م ال خدا ست ه با ق ري ب ط سا  ح

ل ة٠الوكال ة٠ا هي ل ط ا ئ ه١ل ة ق ري ذ ل ن . ا م م و ب ث سا ة ح ع ر ج ل ة ا ل سا ل ن ا ة م ق طا ل ة ا ول منق طة ال س وا  ب

ةا ء ر ب أل١ ل م٠ب ف ا ف ل ال م وا ل ع وي ح ت ل ة ا ح ر ق م ل ن ا ق ع ي ر ة ط ل كا و ل ة ا مي ل عا ل ة ا ق طا ل ة ل ري ذ ن . ال  كا

ط س و م٠ مت قي ة ل ب د ه ل ها ءظأم ض ال١ح ض ا ب ق ر ص ل ال ي١يس ا 3 ( و .85 (

0 ر ١٠ ب0 4 يو ي١غ ذب جا ل ي ا و ^ )0 .0 5 ± 4 .0 ي هلي )2 ر' زا في غ ها ج ل ل و ال  ن١وك ا

ط س و ة القيم هت ب ص ح م ل ي ا ي و٠٠ال ف ن آل ي ا ب ءظ\م ض ن ر ص ا ال  ) ا

ا ق 9ب 0 ( ي هطي 3 9 را ي خ ف جا ل ا ي و و سا 0 ( ي .3 4ي 4 .2 ي ) 3 ي مل را ما غ عة ا جر  ال

ت١ا ي ع ة ج وب س ح م ن ال ق ه ي ر ة ط كال و ة ال مي ل عا ل ة ا ق طا ل ه ل ي ر ن ل ي ا و سا ي7( ت هل ي ) را م غ الما ل

ه . ش ذ ال من اكثر باستخدام مستقبال الدراسات هذه مثل من بالمزيد ينصح ٠ وا٠ل

ى٠ت ع ت ال ي ا ة١ض ت ر ت س أل س ; ٠ب ر ي و ق ة ل ي ر '٠ر ٩٠الالش هل
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Chapter One

Introduction and Literature Review

؛Introduction.؛.!

The standard cervical spine radiographic series includes three views: (1) the 
lateral view, (2) the open mouth view (an AP view of the cervicocranium), 
and (3) the AP view of the lower cervical spine. In the trauma patient, a 
cross-table lateral view is performed with the patient supine and the neck 
immobilized. The lateral view must show all seven cervical vertebrae as well 
as the superior surface of the first thoracic vertebra (cervicothoracic 
junction). If C l is not visualized, the lateral view should be repeated with 
greater traction applied to the patient’s arms (pulling inferiorly). If this is not 
successfol, a swimmer’s view can be obtained in patients at low risk for a 
spinal injury. For this view, the patient is positioned with one arm fully 
abducted above the patient’s head and the x-ray beam directed toward the 
axilla and lower cervical spine. The swimmer’s view usually shows 
alignment of the cervicothoracic vertebral bodies, but does not provide 
complete visualization ofthe C l vertebra. CT of the cervicothoracic junction 
should be performed in patients at high risk for injury. The lateral view 
reveals approximately 85% of cervical spine injuries and should therefore 
never be used alone to clear” the cervical spine. Most ofthe remaining 15% 
of injuries are detected on the open mouth view. A small number of injuries 
are visible only on the AP view. In some centers, oblique views are included 
in the cervical spine series. However, the ftequency that oblique views 
detect an injury not seen on the three standard views is veiy low and, in
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many institutions, oblique views are no ،onger obtained routinely in the 
trauma patient. Oblique views were used in the past to better define certain 
injuries seen on the three standard views, for example, lateral mass fractures, 
pedicle or laminar fractures, and unilateral facet dislocations. When ionizing 
radiation penetrates the human body or an object, it deposits energy. We 
cannot sense radiation directly so we have to detect a quantity that effect. 
Radiation ionizes the atoms of the medium that it passes through. Tlte 
medium that has been used to quantity radiation is air. The amount ofioits 
produced by a certain beam of photons in a sample of air is called exposure . 
The exposure is defined as the number of electric charges (dQ j  that IS 

produced per unit mass of air (dm) The unit of exposure is Coulomb per 
Kilogram (CZKg). it The energy absorbed from exposure to radiation is 
called a dose. Radiation dose quantities are described in three ways: 
absorbed, equivalent, and effective. The amount of energ-y deposited in a 
substance (e.g.١ human tissue), is called the absorbed dose. The absorbetl 
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 ofa 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: ganrma etc) and the tissue or organ receiving the radiation. A radiation 
weighting factor ( w r ) is used to equate different types of radiation with 
different biological effectiveness. This weighted absorbed quantity is called 
the equivilent dose and is expressed in a measure cal,led the Sievert (Sv). 
Because doses to workers and the public are so low, most reporting and dose 
measurements use the terms millsievert (mSv) ancf microsieviert (uSv)
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which 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 cervical spine 
radiography examinations 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 beam horizontal. Wide variations in the patient dose for the same type 
of x-rays examination have been evident from 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 main objective of aim study will be to assess the dose 
in cervical vertebrae radiographic examination

1.3.1. Specific objectives:-

٠ To calculate the Enfrance Skin Dose (ESD).

٠ To compare the measured doses received with standard level of 
exposure .

٠ To check the relationship between the dose leceived by cervical and
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Body Mass Index (BMI).

٠ To determine main dose for Cervical Vertebrae x-rays examination.

1.4. The anatomy of cervical vertebrae

The cervical spine is made up of 7 vertebrae. The first 2, Cl and C2, are 
highly specialized and are given unique names: atlas and axis, respectively. 
C3-C7 are more classic vertebrae, having a body, pedicles, laminae, spinous 
processes, and facet joints. Cl and C2 form a unique set of articulations that 
provide a great degree of mobility for the skull. Cl serves as a ring or 
washer that the skull rests upon and articulates in a pivot joint with the dens 
or odontoid process ofC2. Approximately 50% of flexion extension of the 
neck happens between the occiput and Cl; 50% of the rotation of the neck 
happens between Cl and C2. The cervical spine is much more mobile than 
the thoracic or lumbar regions of the spine. Unlike the other parts of the 
spine, the cervical spine has transverse foramina in each vertebra for the 
vertebral arteries that supply blood to the brain. The cervical spine is made 
up of the first 7 vertebrae, referred to as Cl-7 . It fimctions to provide 
mobility and stability to the head while connecting it to the relatively 
immobile thoracic spine. The cervical spine may divided into 2 parts: upper 
and lower. The upper cervical spine consists of the atlas (Cl) and the axis 
(C2). (Hidajat et al, 1999) These first 2 vertebrae are quite different ftom the 
rest of the cervical spine (see the image below). The atlas articulates 
superiorly with the occiput (the atlanto-occipital joint) and inferiorly with 
the axis (the atlantoaxial joint). The atlantoaxial joint is -responsible for 50% 
of all cervical rotation; the atlanto-occipital joint .is responsible for 50٠/o of 
flexion and extension. The unique features of C2 ؛;inatomy and its
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articulations complicate assessment of its pathology. The atlas is ring-shaped 
and does not have a body, unlike the rest of the vertebrae. Tused remnants of 
the atlas body have become part of C2, where they are called the odont'oid 
process, or dens. The odontoid process is held in tight proximity to the 
posterior aspect of the anterior arch of the atlas by the transverse ligament, 
which stabilizes the atlantoaxial joint. The apical, alar, and transverse 
ligaments, by allowing spinal column rotation, provide further stabilization 
and prevent posterior displacement of the dens in relation to the atlas. '1'he 
atlas is made up of a thick anterior arch, a thin posterior arch, 2 prominent 
lateral masses, and 2 transverse processes. The transverse tOramen, through 
which the vertebral artery passes, is enclosed by the transverse process.On 
each lateral mass is a superior and inferior facet (zygapophyseal) joint. The 
superior articular facets are kidney-shaped, concave, and face upward and 
inward. These superior facets articulate with the occipital, condyles, whic-h 
face downward and outward. The relatively flat inferior articular facets face 
downward and inward to articulate with the superior facets of the axis. 
According to Steele's rule of thirds, at the level of the atlas, the odontoid 
process, the subarachnoid space, and spinal cord each occupy one third of 
the area of the spinal canal. The axis has a large vertebral body, wliic.h 
contains the odontoid process (dens). The odontoid process articulates with 
the anterior arch of the atlas via its anterior articulai- facet and is held in 
place by the transverse ligament. The axis is composed of a vertebral body, 
heavy pedicles, laminae, and transverse processes, which serve as 
attachment points for muscles. The axis articulates with the atlas via its 
superior articular facets, which are convex and fac.e upward and outward ٠C2 
has a complex embtyologic development. It is derived Jrom 4 ossification
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centers: 1 for the body, 1 for the odontoid process, and 2 for the neural 
arches. The odontoid process firses by the seventh gestational month . At 
birth, a vestigial cartilaginous disc space called the neurocentral 
synchondrosis separates the odontoid process from the body of C2٠ The 
synchondrosis is seen in virtually all children aged 3 years and is absent in 
those aged 6 years. The apical portion of the dens ossifies by age 3-5 years 
and foses with the rest of the structore around age 12 years. This 
synchondrosis should not be confirsed with a fracture .Parts of the occiput, 
atlas, and axis are derived from the proatlas. The hypocentrum of the fourth 
sclerotome forms the anterior tubercle of the clivus. The centrum of the 
proatlas sclerotome becomes the apical cap of the dens and the apical 
ligaments.The neural arch components ofthe proatlas are divided into rostral 
and ventral components. The rostral component forms the anterior portion of 
the foramen magnum and the occipital condyles؛ the caudal component 
forms the superior part of the posterior arch of the atlas and the lateral 
atlantal masses. The alar and cruciate ligaments are formed from the lateral 
portions ofthe proatlas .There is an extensive arterial anastomotic network 
around the dens, fed by the paired anterior and posterior ascending arteries 
arising from the vertebral arteries around the C3 level and the carotid arterial 
arcade from the base of the skull. The anterior and posterior ascending 
arteries reach the base of the dens via the accessory ligaments and run 
cephalad at the periphery to reach the tip of the process. The anastomotic 
arcade also receives tributaries from the ascending pharyngeal arteries that 
join the arcade after passing through the occipital condyle .The 
craniocervical junction and the atlantoaxial joints are secured by the external 
and internal ligaments. The external ligaments consist of the atlanto-
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.ccipital, anterior atlanto-occipital, and anterior longitudinal ligaments. The 
transverse ligament holds the odontoid process in place against the posterior 
atlas, which prevents anterior subluxation of Cl on C2 .The accessory 
ligaments arise posterior to and in conjunction with the transverse ligament 
and insert into the lateral aspect of the atlantoaxial joint؛ the apical ligament 
lies anterior to the lip of the foramen magnum and inserts into the apex of 
the odontoid process .The paired alar ligaments secure the apex of the 
odontoid to the anterior foramen magnum. The tectorial membrane is a 
continuation of the posterior longitudinal ligament to the anterior margin ot' 
the foramen magnum. The 3 cm X 5 mm accessory atlantoaxial ligament not 
only connects the atlas to the axis but also continues cephalad to the 
occipital bone؛ fonctionally, it becomes maximally taut with 5-8٥ of head 
rotation, lax with cervical extension, and maximally taut with 5-10. of 
cervical flexion؛ it seems to participate in craniocervical stability؛ fitture 
improvements in magnetic resonance imaging (MRf) may lead to better 
appreciation of its structtrre and integrity of this ligament (Hopperet al, 
2001). The 5 cervical vertebrae that make up the lower cervical spine, C3- 
Cl, are similar to each other but vety different flom Cl and C2. Each has a 
vertebral body that is concave on its superior surface and convex on its 
inferior surface . On the superior surfaces of the bodies are raised processes 
or hooks called uncinate processes, each of which articulates with a 
depressed area on the inforior lateral aspect of the superior vertebral body, 
called the echancrure or anvil. These uncovertebral joints are most 
noticeable near the pedicles and are usually refereed to as the joints of 
Luschka (Hopper et al, 1997). They are believed to be the result of 
degenerative changes in the annulus, which lead to Assuring in the annulus
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and the creation of the joint (Geleijns et al, 199"/ ). These joints can develop 
osteophjrtic spurs, which can narrow the intervertebral foramina.The spinous 
processes of C3-C6 are usually bifid, whereas the spinous process of C7 is 
usually nonbifid and somewhat bulbous at its end .The subaxial cervical 
spine can conveniently be divided into anterior and posterior columns. The 
anterior column consists of the typical cervical vertebral body sandwiched 
between supporting disks. The anterior surface is reinforced by the anterior 
longitudinal ligament and the posterior body by the posterior longitudinal 
ligament, both of which run from the axis to the sacrum. Articulations 
include disk-vertebral body articulations, uncovertebral joints, and 
zygapophyseal (facet) joints. The disk is thicker anteriorly, contributing to 
normal cervical lordosis, and the uncovertebral joints in the posterior aspect 
of the body define the lateral extent of most surgical exposures. The facet 
joints are oriented at a 45٥ angle to the axial plane, allowing a sliding 
motion؛ the joint capsule is weakest posteriorly. Supporting ligamentum 
flavum, posterior, and interspinous ligaments also strengthen the posterior 
column (Shrimptonetal, 1994).

1.5.x ray imaging of cervical vertebrae

X-ray film is available with an emulsion on one side (single-emulsion film) 
or both sides (double-emulsion film) of a transparent film base that is about 
0.2 mm thick. The base is either cellulose'acetate or a polyester resin. 
Singleemulsion film is less sensitive to radiation and is used primarily when 
exceptionally fine detail is required in the image (e.g., laser printing and 
mammography). The emulsion is composed of silver halide granules, usually 
silver bromide that are suspended in a gelatin matrix. The emulsion is
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covered with a protective coating (T coat) and is sensitive to visible and 
ultraviolet light and to ionizing radiation. Film used with intensifying 
screens is most sensitive to the wavelengths of light emitted by the screens. 
Nonscreen film is designed for direct exposure to X rays and is less sensitive 
to visible light. Virtrally all film used in diagnostic radiology is designed to 
be used with intensifying screens. Information is transmitted to an x-rayfilm 
by unattenuated primary radiation emerging from a patient. Radiation 
scattered within the patient and impinging on the film tends to conceal this 
information by producing a general photographic fog on the film. The 
amount of radiation scattered to a film increases with the volume of tissue 
exposed to the x-ray beam. Hence a significant reduction in scattered 
radiation may be achieved by confining the x-ray beam to just the region of 
interest within the patient. In fact, proper collimation of an x-ray beam is 
essential to the production of radiographs of highest qualify. Much of the 
scdiation that would reduce the quality of the radiographic image may be 
removed by a radiographic grid between the patient and the x-ray film or 
screen-film combination. A radiographic grid is composed of strips of a 
dense, high-Zmaterial separated by a material that is relatively transparent to 
x-rays. The first radiographic grid was designed by Bucky in 1913. The 
ability of a grid to remove scattered radiation is depicted in Margin. Medical 
x-ray imaging procedures such as radiography, fluoroscopy, x-ray CT, and 
mammography are designed to produce diagnostic image quality with 
appropriate radiation exposures to the patient. In some cases, it becomes 
necessary to make patient-specific estimates of the radia'tion dose. The most 
common situation that requires accurate estimation of the patient's dose is 
when a woman has one or more x-ray examinations and later discovers that
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she is pregnant. Parents often become concerned when their child is exposed 

to ionizing radiation, and accurate estimation of the dose becomes a way of 

reassuring them that safe exposure levels were used. Over and above being 

able to compute radiation doses (which is discussed later), it is necessary to 

also have the ability to convert radiation doses as quantified in gray or rad 

into a more meaningful description of risk to the patient, who in most cases 

is not familiar with dosimetric quantities and units. Although radiation 

exposure connected with these procedures cannot be avoided, there are 

means to reduce it as much as possible. Patient radiation dose from 

conventional radiographic procedures ranges from 0.1 mSv to 10 mSv, 

resulting in a collective dose to the population that can be significant. The 

establishment of the Quality Criteria for Diagnostic Radiology Images 

started in 1984 when the first Directive on Radiation Protection of the 

Patient was adopted by the Member States of the European Union During 

recent years, patient dose has become a major issue and because of the 

increasing awareness and greater realization of the effects of ionizing 

radiation, x-ray users are now more demanding of dose information and 

dose reduction Recently quality and safety culture has been progressively 

developed in Sudan with regard to the medical use of ionizing radiation for 

diagnosis and treatment. The two basic principles of radiation, protection of 

patient recommended by the ICRP are justification of practice and 

optimization of protection. In diagnostic radiology, periodic dose 

assessments should be made to encourage the optimization of the radiation 

protection of the patients. Dose measurements are required further to 

compare different rad.iological techniques and to comply with some 

international guidelines and regulations. Dirring the la.'؛t ten years many
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stodies are conducted on the radiation dose due to clinical x-ray 

examinations. These studies in addition to many international researches 

have reported wide variations inpatient dose arising from specific x-ray 

examinations. Reasons for these dose variations were complex but, in 

general, lowhibe potential, high mAs and low filtration were associated with 

high-dose hospitals. The International Commission on Radiological 

Protection (ICRR) introduced the term dose reference level "DRL" for the 

first time in 1996 Specifying that it is advisory, set by professional bodies, 

apply to dose to patients or intake of pharmaceutical, and call for local 

review if consistently exceeded. Johnston et al (Ireland) emphasized the 

importance of each country establishing its own reference dose levels that 

are appropriate to their own radiographic techniques and practices in order to 

optimize patient protection (Jessen et al, 1999).

1.6. Methods of dose calculation in cervical vertebrae

Entrance surface Dose ESD is the easily measurable quantity for establishing 

DRLs. Thermo luminescent dosimeters (TLDs) and ionization chambers are the 

commonly used dosimeters for estimating ESDs for patients during radiographic 

examinations, in some mathematical methods. The main task of this stiidy is 

evaluating the radiation doses to patients undergoing some common diagnostic. 

X-ray examinations in major hospitals in Sudan and to compare those 

estimated dose level with the established reference dose levels. The study 

provides additional data that may help on establishing of reference dose levels 

(RDLs) for diagnostic radiology. In most cases of having to compute radiation 

dose, the x-ray procedures have already been performed and one has to 

reconstmct the sihiation several weeks or months later. When this happens, some
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detective work is needed.The patient's medical record should be located and usetl 

to assess what examinations were per formed. Obtaining the patient's films (or 

digital images from a pichire archiving and communications system [PACS]) is 

also usefiil, because this allows an accurate evaluation of where the x-ray fields 

were positioned. In instifiitions that have several x-ray rooms, identifying the X- 

ray machine that was used permits a more accurate estimation of the dose. This 

may be indicated on the film or determined by asking the technologist who 

performed the study. For radiographic procedures, it is important to either know 

or estimate the specific technique factors (peak kilovolt age [k٧p] and tube 

current [milliampere-seconds, mAs]) for each image acquired. With many newer 

systems, the technique factors are included with the patient identification data on 

the film or in the digital record. Most institutions post technique c.harts that 

specify the appropriate kVp for a given fype of examination, and these are useful 

for estimating the kVp of a radiographic study if it is not known with certainty. 

An experienced radiologic technologist can be interviewed to get an estimate of 

the mAs used for a patient of a given size. Most radiography today uses photo 

timing (atitomatic exposure control), whereby the technologist sets the kVp and 

the x-ray system determines the time of the exposure (and hence the mAs) 

Information regarding the characteristics (half value level [HVLl or added 

filtration) of the x-ray machine is also needed for dose assessment. In most c.ases, 

these data can be obtained from the annual quality assurance report that should 

be available from the radiology administration or medical physicist. In other 

cases, they can be measured after the fact. An estimate of the patient's size is 

necessary in most situations, because it has a very significant effect on the 

radiation dose. Number of images and radiographi.c projection of each image 

(e.g.١ posteroanterior [PA] and lateral chest views'. Radiographic technique

12



used for each image (kvp and mAs if available). Information regarding the 

characteristics (HVL or inherent filtration) of the beam produced by the x-ray 

machine. An estimate of the patient's thickness for each radiographic projection 

mAs, and the distance fiom x-ray source to patient that was used, the air kerma 

for. Many of the handbooks that are used for dose calculations use the traditional 

units’ roentgen and rad (Thomas and Tingey, 1997).
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Chapter Two

Materials and Methods

2.1. M aterials;

2.1. !.Equipments:

In the present sftidy, three different m.dalities x-ray machines, from 

different manufacture were used as described in Table 2.1 

T a b le  2 .1 .  x - r a y s  e q u i p m e n t s  s p e c i f i c a t i o n s

Manufacturer Type Focal Spot 

(mm)

Filtration 

(mm Al)

Max KVp Max

mAs

Max

Time

(s)

Installation

year

Toshiba Fixed 1.2-0.6 2.11 150 640 1.6 2007

Shimadzu Fixed 0.5 2.5 150 500 2.2 2005

2.1.2. Patient:

A total of 64 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 cervical spine x-rays examination. 

The examinations were collected according to the avail.ability.

14



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 study involved patients undergoing cervical vertebrae 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 12٠, 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 control system was 

available for use in the under-table or vertical position. Preliminary work 

will establish that lateral lumbar spine 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 front ofa vertical bucky with the x-ray beam horizontal. Both techniques 

used exposure confrol and a ftibe potential range of between 54 kv and 74 

kv depending on the patient size. Average tube potential for both techniques 

will be in the region of 64 kv. With dose audit, there were difficulties in 

complying with the requirement to collect dose data for patients of a 

particular weight range (22-95kg) within the busy environment of an 

emergency department. In this case, the decision took to increase the sample

15



size to approximately 50 patients and to exclude ؛hose of'very large or small 

build but not require the collection of patient weight information. Separate 

sets of DAP dose data were collected for each of the two !.adiographic 

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 output factor and patient exposure 

factors. The exposure to the skin of the patient during standard radiographic 

examination or fluoroscopy can be measured directly or estimated by a 

calculation to exposure factors used and the equipment specifications from 

formula below:

ESD = O P  X2( ! ؛   X m A s  X 2جل X B SF  — — — — — (1 ؛ 80( }ئء٠ث(  ( )

Where؛

(OP) is the output in mGy/ (mA) of the x-ray tube 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 nonnalization 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 after all 

input data are entered manually in the software. The tube output, the patient 

anthropometrical data and the radiographic parameters (kVp, mA s, FSD and 

filtration) are initially inserted in the software. T'he kinds of examination and 

projection are selected afterwards.

16



2.2.4. Method of data anaJysis:

The data will analyze with SPSS program under windows with t-test to 

assess the significance of data BMI and exposure foctor. ICRP dose 

calculation method will use to determine dose received by body organs.

2.2.5. Method of data storage؛

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

2.2.6. EthicaJ issue:-

٠ Permission fiom Radiology Department was obtained.
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Chapter Three.

Results and Discussion

3.1 Result

This study involved 64 patients undergoing cervical vertebrae 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 

will be in the region of 1%. Total filtration for the x-ray system will 

measure as 2.7 mm of aluminum equivalent. ESDs in this study were 

calculated using IAEA calculation method . 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 

kerjna free in air was established at a reference point of 80 cm from tube 

focus for the range of ftibe potentials encountered in clinical practice. 

The X-ray tube outputs, in mGy (mAs), were measured using Unfors 'Xi 

dosemeter (Unfors Inc., Billdal,Sweden).This dosemeter was calibrated 

by the manufacturer and reported to haveaccuracy better than 5%. ESD is 

calculated according to the equation previously mentioned. The results 

were tabulated in the Tables (mean ± standard deviation (sd)) and the 

range of the readings in parenthesis. The dose values in diagnostic 

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

The mean and the standard deviation were calculated using the excel 

so^are & SPSS program.For dose calculation, 64 patient individual
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exposure parameters were recorded (tube vnHage(kV), tube current and 

exposure time product (mAs) and Focus to skin distance (FSD). Patient 

demographic data (age, height, weight, BMI) were presented per department. 

Patients’ ESD were measured in two radiology departments equipped with 

three different imaging machines. The following routine types of x-ray 

examination of cervical vertebrae .

Radiology department number one

This study involved 32 patients undergoing cervical vertebrae radiographic 

examinations in the emergency department at Khartoum For the group of 

patients where age distribution was measured, 15 % of patients were within 

the 9-15 years age range, 21 % of patients were within the 16-25 years age 

range, 25 % of patients were within the 26-35 years age range, 18 % of 

patients were within the 36-45 years age range, 9 % of \patients were within 

the 46-55 years age range, 3% of patients were within 56-65, 6% of patient 

were within the 66-75 .The key parameters for this group are shown in Table 

(3-1).
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Table3 -1 The age distribution (o r both gender aw ong n، e study sam ple
-٠٠ ٠

F e m a l eM a l eA g e  G r o u p  ( y e a r s )

29و - 1 5

161 6 - 2 5

52و 6 - 3 5

243 6 - 4 5

214 6 - 5 5

٥15 6 - 6 5

\ 6 6 - 7 5 2 \ 0

For the group of patients where Body Mass Index (BMI) was measured, 15 

% of patients were within the 19.4 2 ي (male), 19.8 ± 1.81 (female) BMI 

ratio range, 21 % of patients were within the 23.9 2.1 ي (male),27.2± 0 

(female) BMI ratio range, 25 % ofpatients were within the 25.3 1.6 ي (male) 

,33.1±2.9 BMI ratio range, 18 % ofpatients were within the 23 ± 0.9 (male) 

and 24.6 1.2 ي (female) BMI ratio range, 9 % ofpatients were within the 

 BMI ratio range 3% of patient were (female) ي and 27.4 1 (male) ي 0 31.5

within the 28.7±0 (male) BMI ratio range,6% of patients were within the 

24±1.3(male). The key parameters for this group are shown in Table 3-2.
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Table 5-2. The mean and standard deviation o f  Body ؛nass index distribntion fo r  both

gender among the study sam ple

،

ذ

B o d y  M a s s  I n d e x  ( B M I )  R a t i o

F e m a l e

19.8+1.81

27 .2 +0

33.1 ±2.9

24.6 ±1 .2

27.4+1

0 + 0

0±0

M a l e

19.4 ± 2

23.9 ±2.1

25.3 ±1 .6

23 ±0.9

31.5±0

28.7±0

24.1± 1.3

A g e  G r o u p  ( y e a r s )

9 - 1 5

1 6 - 2 5

2 6 - 3 5

3 6 - 4 5

4 6 - 5 5

5 6 - 6 5

6 6 . 7 5

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

measured, 15 % of patients were within the 55.6 2.98 ي (kVp), 17.16±1.69 

(mAs) exposure factors ratio range, 21 % of patients were within the 66.7 ± 

1.77 (kVp) and 12.8 ± 0.818 (mAs) exposure factors ratio range, 25 % of 

patients were within the 60.6 ± 2.504 (kVp) and 10.3 ± 1.31 (mAs) exposure 

factors ratio range, 18 % of patients were within the 69.5 ± 1.77 (kVp) an.d 

12.5± 0.316 (mAs) exposure factors ratio range, 9 % of patients were within 

the 70.3 ± 3.7 (kVp) and 5.84 2.13 ي (mAs) exposure factors ratio range,3%
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\ 1 6 - 2 5 6 6 . 1 +  \ 1 1 12.8 + 0.818

2 6 - 3 5 60.6 + 2.504 10.38+1.34

3 6 - 4 5 69.5±1.77 ا 12.5±0.316

\ 4 6 - 5 5 70.3± 3.6 5.84±2.13
١
١

5 6 - 6 5 67±0 12.6±0

6 6 . 7 5 64.5±2.1 5.6+0
إ
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3 . 4  T a b l e :  E x p o s u r e  ( a c t o r s ,  n u m b e r س0  ™ . ؟  a n d  d o s e  . a l u e s  f o r  c e r v i c a l  v e r t e b a e  

e x a m .

Projection KVp * Tlme(sce) Films Does (mGy) 

(Mean ±sd)

Antroposterlor

!(AP)

63.1 13.3 0.21 1 3.85±0.04

Lateral 67.2 12.1 0.22 1

.

4 ؛ .020 .05
؛٠
'

'
'

Radiology Department number two

This study involved 32 patients undergoing cervical vertebrae radiographic 

examinations in the emergency(sodatil) department at Khartoum For the 

group of patients where age distribution was measured, 6 % of patients were 

within the 15-25 years age range, 31 % of patients were within the 26-35 

years age range, 31 % of patients were within the 36-45 years age range, 

absent of patients were within the 46-55 years age range, 25 % of \patients 

were within the 56-65 years age range, 6% ofthe patient were within the 66- 

75 years age range . The key parameters for this group are shown in Table 

3-5.
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Table 3-5 The age distribution G r  both gender among the study sam ple

Age Group (yea rs) M a le F e m a le

1 5 -2 5 0 2

2 6 -3 5 4 1 6

3 6 -4 5 4  \ 6

4 6 -5 5 0  \ 0

5 6 -6 5 0  ١ 8

6 6 -7 5 0  \ 2

F.r the group . ؛ patients where Body Mass Index (BMI) was measured, 6% 

of patients were within the 19.1 ± 0 (female) BMI ratio range, 31 % of 

patients were within the 23.9 1.6 ي (male), 18.6±2.5(female) BMI ratio 

range, 31 % of patients were within the 21.3 0.9 ي (male), 30±1.2 

(female)BMI ratio range, 25 % of patients were within the 29,7 ± 1.1 

(female) BMI ratio range, 6 % of patients were within the 25.8 ± 0.8 

(female) BMI ratio range. The key parameters for this group are shown in 

Table 3-6.
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Table 5-6. The mean and standard deviation o f Body m ass index distribution fo r both

gender among the study sample

Age Group (years)

B o d y  M a s s  I n d e x  (B M I) R a tio
\
،

M a le F e m a le

2.07 ± 0 .7 8

0

0.59 ± 2.8 ٠ 56-65

0

0

2.8 ± 0 .5

3 .1 4 .1 .4 4

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

measured, 6 % of patients were within the 6 6 + 1 .0  (kVp), 18 + 0 (mAs) 

exposure factors ratio range, 31 % of patients were within the 71.9 ± 1.52 

(kVp) and 8 + 2.0 (mAs) exposure factors ratio range, 31 % of patients were 

within the 69.3 ± 1 .5  (kVp) and 9.8 ± 1.7 (mAs) exposure factors ratio 

range, 25 % of patients were within the 66.3 ± 2.3 (kVp) and 10.7 ± 2.3 

(mAs) exposure factors ratio range, 6 % of patients were within the 68 ± 1 

(kVp) and 14.2 ± 0 (mAs) exposure factors ratio range. The key parameters 

fordiis group are shown in Table 3-7.
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Table 3-7. T h e  m e a n  a n d  s ta n d a r d  d e v ia tio n  o f  e x p o su re  f a c to r s  n s e d  f o r  C e rv a c a l  

examination in  th e  s tu d y  s a m p le

A g e  G ro u p  (yea rs)

X -ra y  E x p o s u r e  F a c to rs  

(M ea n  i  S ta n d a r d  d e v ia tio n ) ١

إ
؛١
1_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

k V p

1 5 -2 5 66 ± 1

2 6 -3 5 71.9 ± 1 .5 2

3 6 -4 5  \ 69.3 ± 1 .5

I  10.7±2.3

4 6 -5 5  ١ 0

5 6 -6 5  ١ 66.3±.3

6 5 -7 5 68 ± 1

Table 3.8: Exposure factors, number of films and dose values for cervical 

vertebae exam

Dose

(™Gy)

AimsTime(sce)mAsKvpProjection

(Mene٤sd)

٦9٤ 310.2112.464.7Antroposterior.و0.15

(AP)

4.230 .3410.2312.865.3Latral
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Tabic 3.9 the values o f entrance surface dose 1 ٧1 cervical vertebrae exam 

ESD(mGy)

Ma IAEA(mGy)

AP Lat AP Lat

NOl 3.85±0.04 4.02±0.05 ٦ 10

NOl 3.99±0.15 4.23±0.34
■١
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Discussion 3.2؛

Medical x-ray imaging procedures such as radiography, fluoroscopy , X- ray 

CT, and mammography are designed to produce diagnostic image 

quality with appropriate radiation exposures to the patient. In some 

cases, it becomes necessary to make patient-specific estimates of the 

radiation dose. The most common situation that requires accurate estimation 

of the patient's dose is when awoman has one or more x-ray examinations 

and later discovers that she is pregnant. Strategies for reduction of 

patient doses without loss of diagnostic accuracy are therefore of great 

interest to society and have been focused in general terms by the ICRP 

through the introduction of the concept of diagnostic reference levels. 

The main objective of aim study was to assess the dose received in 

cervical vertebrae radiographic examination. A total of 64patients were 

examined in two radiology department which equipped with different 

imaging modalities in the Khartoum teaching hospital Tables2-1 showed the 

details of x-rays equipment specifications. 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 tube potentials encountered in 

clinical practice. The x-ray tube outputs, in mGy (mAs), were 

measured using Unfors Xi dosemeter (TJnfors Inc., Billdal, 

Sweden).This dosemeter was calibrated by the manufacturer and reported 

tohaveaccuracy better than 5%. ESD is calculated using IAEA calculation 

method . The results were tabulated in the Tables (mean ± standard 

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

values in diagnostic radiology are small, therefore the dose were
28



presented in milli-Gray. The mean and the standard deviation were 

calculated using the excel software & SPSS program.For dose calculation, 

patient individual exposure parameters were recorded (tube voltage 

(kV), tube cuirent and exposure time product (mAs) and Focus to skin 

distance (FSD). Patient demographic data (age, height, weight, BMI) were 

presented per department. Patients’ ESD were measured in two radiology 

departments equipped with three different imaging machines. The following 

routine types of x-ray examination of cervical vertbrae. The correlation 

coefficient which is defined as a measure of the degree of linear 

relationship befiveen two variables, usually labeled X and Y used in this 

study to describe the relation between two variables affect patient dose ESD 

(mGy)against tube curcent 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 were shown in Table( 3-l),(3-5). For the group of patients 

where Body Mass Index (BMI) was measured the key parameters for 

this group are shown in Table (3-2),(3-6). For the group of patients where x- 

rays exposure factors (kVp and mAs) was measuredjTable (3-3),(3-7). 

Dose measurement during cervical vertebrae examination have been 

reported by Jones and Shrimpton , (1999),Donnelly et al, (2001) and Huda 

et al, (2000) the results of this study confirm the findings of the two 

reported sfiidies, 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 the previous 

reported studies except the study of Olerud et al, (2007) and Mayo et 

al, (2005). This variation could be attributed to exposure factors and 

patient moiphologic characteristics and the sensitivity of the detectors. The 

limited experience with digital technology and the technologist may 

attempt to avoid noisy images by using milli ampere-second 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 Starck et al, (2001) and Nishizawa et a.l, (2001) 

who suggested the use of higher kilovolt peak settings with additional 

filtration and alternative projection to study cervical vertebrae 

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

study, it was found that doses for cervical vertebrae for the entire 

examination were lower than IAEA guidelines. The image quality met 

the criteria of the departments for all investigation. The findings of this 

study are therefore neither completely unexpected nor in contradiction 

with those of other trials. Therefore the importance of dos optimization 

during CR imaging must be considered.
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Chapter Four

Conclusion and Recommendations

4.1. Conclusion:

This experimental study performed to measure of dose received in 

Cervical vertebrae x-ray examination. In the emergency department, 
patients aundergoing cervical vertebrae radiography examination are 
positioned either lying on their side on an x-ray table with the X-ray beams 
in front of a vertical bucky or lying supine on a trolley with the X-ray 
examination have been evident from various international dose surveys. 
Reference dose levels provide aframe work to reduce this variability 
and aid optimization of radiation protection. A total of 64 patients were 
examined in two radiology departments in Khartoum teaching hospital. The 
data were collected using asheet for all patients in order to maintain 
consistency ofthe 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 cervical vertebrae x-rays examination.

The examinations were collected according to the availability. This 
study involved patients undergoing cervical vertebrae radiographic 
examinations in the emergency department at Khartoum Teaching 
Hospital. The radiographic equipment used Toshiba imaging system. 
The target angle for the X-ray tube was 12٠, and the measured ripple 
for tube potential will be in the region of 1%. T'otal filtration for th,e 
X-ray system measured as 2.7 mm of aluminum equivale:nt. Finally, in this
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study, it was found that doses for cervical vertebrae for the entire 

examination were higher. The ESDs for conventional radiology were lower 

in AP than those for lateral projection cervical vertebrae respectively. Unlike 

the previous studies, the dose in cervical vertebrae radiography was higher 

in conventional radiography compared to other techniques. Recently 

digital and computed radiography are 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 study 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.

4.2. Recommendations:

٠ MRI is recommended for cervical vertebrae blecause of their 

ability to demonstrate the soft tissue and muscle beside there no 

ionizing radiation exposure.

٠ Digital radiology is recommended for cervical vertebtae 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 sftidies are recommended with more number of patients and 

using more two modalities for comparison

32



References:-

1. Brenner DV, .Elliston CD, Hall EJ, Berdon i ,  2001, Estimated 

risks ٠f  radiation fatal cancer from paediatric CT. Am ل 
Roentgenol, 176:289-296.

2. Donnelly LF, Emery KH, Brody AS, 2001, Minimizing radiation 

dose for paediatric body applications of singledetector helical CT. 

Am ل Roentgenol., 176:303-306.

3. Geleijns j. Van Unnik JG, Zoetelief j, Zweers D, Broerse JJ, 

1994,Comparison of two methods for assessing patient dose from 

computed tomography. Br j  Radiol; 67:360-365.

4. Hidajat N, Maurer j, Schroder RJ, 1999, Relationships between 

physical dose quantities and patient dose in CT. Br j  Radiol, 

72:556-561.

5. Hopper KD, King SH, Lobell i ,  TenHave TRj Weaver JS, 1997, 

The breast: In-plane x-ray protection during diagnostic thoracic 

CT-shielding with bismuth garments. Radiology; 205:853-858.

6. Hopper KD, Neuman JD, King SH, Kunselman AR., 2001, 

Radioprotection to the eye during CT scanning. Am j 

Neuroradiol22؛:l 194-1198.

7. Huda w , Scalzetti EM, RoskopfM, 2000, Effective dose to patients 

undergoing thoracic computed tomography examinations. Med 

Phys, 27(5):835-844.

8. Jessen KA, Shrimpton PC, Geleijns j. Panzer w, Tosi G., 1999, 

Dosimetty for optimisation of patient protection in CT. Appl Radiat 

Isot, 50:165-172.

33



9. Jones DG, Shrimpton PC, 1999, Normalised organ doses for x-ray 

computed tomography calculated using Monte Carlo techniques. 

NRPB-SR250. National Radiological Protection Board (NRPB). 

Chilton, UK.

10. Mayo JR, Hartman TE, Lee KS, Primack SL, Vedal s, Muller NL., 

2005, CT of the chest: Minimal tube current required for good 

image quality with the least radiation dose. Am ل 
Roentgenol.; 164:603-607.

11. Nishizawa K, Maruyama T, Takayama M, Okada M, Hachiya j, 

Furuya Y., 2001, Determination of organ doses and effective dose 

equivalents from computed tomographic examination. Br ل 
Radiol.;64:20-28.

12. Olerud HM., 2007, Analysis offactors influencing patient dose 

from CT in Norway. Radiat Prot Dosim., 71(2):123-133.

13. Shrimpton PC, Jones DG, Hillier MC, 1991, Survey ofCT practice 

in the UR. Part 2: Dosimetric aspects. Chilton, NRPB-R249. 

London: . s o .

14. Starck G, Lonn L, Cederblad A, Forssell-Aronsson E, Sjostrom L, 

Alpsten M., 2002, A method to obtain the same levels ofCT image 

noise for patients of various sizes to minimize radiation dose. Br ل 
Radiol., 75:140-150.

15. Thomas JEM, Tingey DRC, 1997, Radiation doses from computed 

tomography in Australia. Australian Radiation. Laboratory Report, 

ARL/TR123.

16. RADI0L0GICAL PROECTION FOR MEDICAL EXPOSURE 

TO IONIZING RADIATION, WTERNATIONAL ATOMIC

34



ENERGY AGRNCY ,PNA AMERJCAN ,HEALTH 

ORGANIZATION ,SAFEY GUIDE,safey standers series N.RS- G- 
15 IAEA viena 2002.

35


