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ABSTRACT

The purpose of this study to estimate the organ doses and risk of cancer associated 

with CT examinations in Khartoum state, where the study conducted in three 

hospitals; Alzytouna, Royal Scan and Royal Care. From April to November ?017, 

and the data collected from 120 patients, 40 patient from each hospital undergoing 

CT brain and abdomen examinations. The data were entered to CT- Expo version

2.4 software for calculation the effective dose and organ dose and by x-ray risk 

website for calculate the risk factor associated with CT examinations.

Results have shown the values .of effective dose'that found 9.73 mSv for all 

patients, and for female and male 9.9 mSv, and 9.6 mSv respectively.

The effective dose- from Brain examinations in three hospitals Alzytouna, Royal 

scan and Royal care was 16.9 mSv, 3.7 mSv, 3.8 mSv respectively, and from 

abdomen examinations was 4.2 mSv, 7.6 mSv, 22.2 mSv respectively.

Comparing the Effective dose firom the hospitals; for CT. Brain in Alzytouna 

hospital was higher than other hospitals; and for CT. Abdomeri in Royal care 

hospital was higher than other hospitals, but still under the risk levels according to 

the ICRF report.

For organ doses results; the most organs exposed from CT. brain was brain, 

salivary gland, thyroid gland. Bone marrow. Bone surface. Extra thoracic tissue. 

Eye lens and oral mucosa received (70.2,66.4,15.04,10.9,24.9,14.8,89.5,65.07) 

mSv respectively. The most organs exposed firom CT. Abdomen were liver, 

stomach, low. Large intestine. Bladder, Bone surface, upper. Large intestine, 

spleen, kidney, small intestine and prostate received (16.53, 12.8, 33.43, 41.01, 

20.5, 38.4, 14.7,28.9, 37.5, 30.5) mSv respectively.

This study found that the ability of cancer induced in the female was higher from 

the male; due to body component of the female.
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Chapter one 

Introduction
1.1 Introduction

Computed Tomography (CT) was invented in 1970 and introduced into clinical 

practice in 1972 and revolutionized X-ray imaging by providing high quality 

images which reproduced transverse cross sections of the body, tissues are 

therefore not superimposed on the image as they are in conventional projections, 

the technique offered in particular improved low contrast resolution for better 

visualization of soft tissue but with relatively high absorbed radiation dose.

CT consider the heart of every modem radiology department because of its speed 

reliability and ability to separate overlapping stmctures, although CT may seem 

distant form plain radiography tomo synthesis and ultimately CT are the next 

logical progressionsfl].

Rather than image form a single stationary position tomo syntesis use small 

amount of source and detector rotation around a focal point during the exposure 

to blur the tissue above and below the plane , CT takes the concept forther, 

capturing data from at least 180 degree around the patient and the calculating 

the anatomy of the entire volume, image reconstmction was accomplished with 

computers marginally more complex than modem calculator[!.

The first CT scanners such as the original commercial scanner developed by Sir 

God Frey Hounsfield at EMI central research laboratories in England and Allan 

Cormack of United States the Nobel Prize for medicine in 1979, CT scanner 

technology today is used not only in medicine but in many other industrial 

application such as nondestmctive testing and soil core analysis [lj.
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1.2 Production of x-ray

An important source of x-rays is synchrotron radiation, x-rays are also produced 

in a highly evacuated glass blub called an x-ray tube that contains essentially two 

electrodes, an anode made of platinum, tungsten or another heavy metal of high 

melting point and a cathode ,when a high voltage is applied between the electrodes 

streams of electrons (cathode ray) are accelerated from the cathode to anode and 

produce x-ray as they strike the anode, two different processes give rise to 

radiation of x-ray frequency[؛] .

In one process radiation is emitted by the high speed electrons themselves as they 

are slowed or in passing near the positively charged nuclei of the anode material 

this radiation is often called bremsstrahlung.

In a second process radiation is emitted by the electrons of anode atoms when 

incoming electrons from the cathode knock electrons near the nuclei out of orbit 

and they are replaced by other electrons from outer orbits ,the spectrum of 

frequencies given off with any particular anode material thus consists of a 

continuous range of frequencies emitted in the first process and superimposed on 

it a number of sharp peaks of intensity corresponding to discrete frequencies at 

which X-ray are emitted in the second process, the sharp peaks constitute the X- 

ray line spectrum for the anode material and will differ for different materials 

("body CT the essentials”) [1].

CT image acquisition comprises several discrete steps:-

٠ Acquisition of the projections from different angles rotating around the 

patient.

٠ Assembly of multiple projections into a slice (Reconstruction).

٠ Stacking of multiple slices to create a reconstructed image in three 

dimensions (3D) [1].
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1.3 Radiation risk

The two basic principles of radiation protection of patient recommended by the 

ICRP (international commission on radiation protection) are justification of 

practice and optimization of protection. The recommended system of radiation 

protection is based upon:-

٠ Benefit of a practice must offset the radiation detriment (justification).

٠ Exposures and likelihood of exposure should be kept as low as reasonably 

achievable (ALARA), economic and social factors being taken into account 

(optimization).

In diagnostic radiology, periodic dose assessments should be made to encourage 

the optimization of the radiation protection of the patients. Dose measurements are 

required fiirther to compare different radiological techniques and to comply with 

some international guidelines and regulations [2].

1.3.1 Reasons for increased CT dose

Unlike radiography when overexposure results in blackening of film, better 

image quality, is obtained with higher exposure in CT.

There is a tendency to increase the volume covered in particular examination. 

Modem helical CT volume scanning with no - inter slice gaps and with 

possibility of overlapping scans.

Repeat of CT examinations.

Same the exposure factors used for children as for adult

٠ Same the exposure factors for pelvic (high contrast region) as for abdomen 

(low contrast region) [2].

1.3.2 Radiation risk in CT

All ionizing radiation carries with it the potential to harm an individual CT scan 

deposit more radiation dose per examination than other imaging modalities and
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accounts for 50% of total collective medical effective dose delivered to the public 

,fiuther the usage of CT as diagnostic tool has increasing dramatically over time 

with increased availability of scanners and a plethora of clinical application 

public anxiety about radiation risk from CT has been amplified by media 

coverage, this concern has driven manufacturers ,researchers and clinicians to 

minimize radiation dose form CT from through advances in techniques ,better 

radiation dose estimation techniques and to practically apply current dose 

reduction procedures^].

The effects of radiation exposure in CT generally fall within one of two categories:

٠ Stochastic effects encompass cancer induction and the hereditary effects of 

radiation damage effects, risk models often assume that there is an increase in 

the probability of stochastic effects with increased radiation dose, though 

accurate prediction is exceptionally difficult.

٠ The second category is deterministic effects, describes radiation injury that 

will occur a set dose threshold and above because of acute cellular damage 

traditional deterministic effects include observable tissue reactions such as 

skin erythema, epilation, the formation of cataracts and teratogenic effects [2].

The individual risk from radiation associated with a CT scan is quite small 

compared to the benefits that accurate diagnoses and treatment can prove still, 

unnecessary radiation exposure during medical procedures should be avoided. 

Unnecessary radiation may be delivered when CT scanner parameters are not 

appropriate adjusted for the patient size [3].

There is no doubt that many patient have benefited from the rapid diagnoses made 

possible by CT and from its value for monitoring chronic disease however is 

increasing concern regarding the risk of this exposure to radiation it is well 

established that radiation can be harmfil and has both deterministic and 

stochastic effects .
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Deterministic effect such as hair loss-skin bums and cell deaths are dose 

dependent but do not occur below a threshold of 100-150 mSv since the typical 

estimated dose associated with proper use of CT is in the range of 2-10 mSv, 

deterministic effects are not normally concern. Induction of cancer is 

probabilistic (stochastic) effects not a deterministic effect, that is higher 

radiation dose are associated with higher likelihood of carcinogenesis, but even 

low doses of radiation could potentially induce carcinogenesis and it is more 

difficult to assess a safe level of exposure [3].

1.4 Problem of study

CT the primary concern lies with stochastic effects for patients that receive 

multiple scans over his or her life time; however deterministic effects such as 

epilation have been observed in high dose procedures such as CT perfusion. 

Computed tomography (CT) exams have become a common diagnostic test, yet 

there are little data on its associated cancer risk. The recent Biological Effects of 

Ionizing Radiation (BEIR) VII Phase 2 report provides a framework for estimating 

lifetime attributable risk (LAR) of cancer incidence associated with radiation 

exposure from CT cell affects (CT CA) study, using the most current data available 

on health effects of radiation.

1.5 Objectives

1.5.1 General objectives: -

The main objective estimation risk of cancer associated with exposed to 

ionizing radiation during Computed Tomography examinations.

1.5.2 Specific objectives: -

٠ Evaluate the radiation Dose during Computed Tomography Procedures:

(i) Brain (ii) Abdomen

Compare between CT scan procedures of the various hospitals.
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Estimation of radiation risk from CT examinations.

I 1.6 Overview of the thesisإ ٠  Chapter one: introduction it is presents the statements of the study problems and 

I objectives of the study.ا Chapter two: radiological physics, biological effect of radiation, back ground,

I anatomy and literature review.

I Chapter three: material that used in the study and methods of data analysis and ا dose measurement and calculation.ا Chapter four: results.ا Chapter five: discussions, conclusions, recommendation and references.
Iا
--
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Chapter two 

Theoretical background
2.1 Anatomy

2.1.1 Brain anatomy

The human brain is an amazing three-pound organ that controls all functions of the 

body interprets information from the outside world and embodies the essence of 

the mind and soul. Intelligence, creativity, emotion, and memory are a few of the 

many things governed by the brain. Protected within the skull, the brain is 

composed of cerebrum, cerebellum, and brainstem. The brainstem acts as a relay 

center connecting the cerebrum and cerebellum to the spinal cord. The cerebrum is 

divided into four lobes: frontal, parietal, temporal and occipital.

The brain receives information through our five senses:
Sight, smell, touch, taste and hearing - often many at one time. It assembles the 

messages in a way that has meaning for US ,and can store that information in our 

memory ,the brain controls our thoughts, memory and speech ,movement of arms 

and legs and the fimction of many organs within our body .it also determines how 

we respond to stressftil situations (such as taking a test, losing a job, or suffering an 

illness) by regulating our heart and breathing rate .the nervous system is divided 

into central and peripheral systems, the central nervous system (CNC) is composed 

of brain and spin cord .

Skull :The purpose of the bony skull is to protect the brain from injury .the skull is 

formed from 8 bones that fiise together along suture lines these bones include the 

frontal ,parietal ,temporal ,sphenoid ,occipital and ethmoid. The face is formed 

from 14 paired bones [4].
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2.1.2 Other Organs:-

Esophagus: The esophagus is tubular structure that joins the pharynx to the 

stomach; the esophagus pierces the diaphragm slightly to the left of the midline 

and after a short course of about 0.5in. (1.25 cm) enters the stomach on its right 

side, it is deeply placed lying behind the left lobe of the liver.

Stomach: The Stomach is a dilated part of the alimentary canal between the 

esophagus and the small intestine. It occupies the left upper quadrant, epigastric 

and umbilical regions and much of it lies under cover of ribs. Its long axis passes 

downward and forward to right and then backward and slightly upward.

Small intestine: The small intestine is divided into three regions:-

Duodenum-jejunum and ileum

Large intestine: The large intestine is divided into the cecum, appendix, ascending 

colon,.transverse colon, descending colon, sigmoid colon, rectum and anal canal. 

The large intestine arches around and encloses the coils of the small intestine and 

tends to be more fixed than the small intestine.

Liver: The liver is a large organ that occupies the upper part of the abdominal 

cavity; it lies almost entirely under cover of the ribs and costal cartilages and 

extends across the epigastric region.

Gall bladder: The gallbladder is appear shaped sac that is adherent to the under 

surface of the right lobe of the liver, it’s blind end or find US, projects below the 

inferior border of the liver.

Pancreas: The pancreas is a soft, lobulated organ that stretches obliquely across 

the posterior abdominal wall in the epigastria region; it is situated behind the 

stomach and extends from the duodenum to the spleen.

Spleen: The spleen is a soft mass of lymphatic tissue that occupies the left upper 

part of abdomen between the stomach and diaphragm; it lies ;؛long axis of thelOth 

left ribs.

8



Kidneys

p٠sterior abdominal walls one on each side of vertebral column .the left kidney lies

slightly higher than right because the left lobe of the liver is smaller than the right.

Suprarenal glands: The suprarenal glands are two yellowish organs that lie on the

upper poles of the kidneys on posterior abdominal wall [4].

2.2 Instrumentation

2.2.1 CT scanner

The three major systems are housed in separate room as follows

The imaging systems is located in the scanner room

The computer system is located in the computer room

The display, recording and storage system is located in the operator’s room.

The purpose of imaging systems is produce X- ray shape and filter the x-ray

beam to pass through only a defined cross-section of the patient, detect and

measure the radiation passing through the cross-section and convert the

transmitted photons into digital information.

The major components of the imaging systems are the x-ray tube, generator, 

collimators, filter, detectors and detectors electronic.

The computer system generally includes input-output devices central

processing unit ,array processor ,interface devices ,back projector processors

,storage devices and communications hardware[5j.

The computer system receives the digital data ftom the digital analog system

(DAS) and processes it to reconstruct an image of the cross-section anatomy

The purpose of the image display, recording, storage and communication

system is as follow:-

To display the output digital image from computer
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To provide a hard copy of image on recording medium they provide for 

a permanent copy of reconstructed image and accommodate the 

preference of radiologist during diagnostic interpretation.

٠ To facilitate the storage and retrieval of digital data.

The communicate images, diagnostic reports and patient demographic in some

electronic communications [5].

2.2.2 Gantry

The gantry is a mounted frame work surrounds the patient in vertical plane. The 

gantry houses imaging components such as the slip rings, x-ray tube, high tension 

generator, collimators, detectors and Data Acquisition system (DAS), two

[5].

2.2.3.Patient couch
The patient couch or patient table, provides a plat form or which the patient lies 

during the examination ,the couch should be strong and rigid to supports the 

weight of patient ,it should provide for safety and comfort of patient during

examination [5].

scannrng

larger the table feed; the faster (i.e. with fewer rotations) a body region can be 

scanned, however, if the table feed is too large ,image quality will be impaired ,in 

this context the term pitch is used, for single -row systems the definition

Pitch = table feed per rotation/collimation.

Is generally accepted ,experience has show that a good image quality can be 

obtained with pitch between 1 and 2, it should also be noted that the dose can be 

significantly reduced in single-row systems if a pitch factor > 1

10



Is applied, in the context of multi row systems, pitch cannot yet be defined clearly 

the ambiguity involved becomes apparent in the fallowing Example:-

Collimation 4*2.5mrn, table feed 10mm 

First possibility = pitch =10mm/4*2.5mrn =1 

Second possibility = pitch =lOmm/2.5 = 4

To avoid misunderstandings we use feed per rotation rather than pitch on the user

interface [6].

interval

rotation of the tube, detector system around patient, it affects the spiral scan length 

and thus the coverage of the scan range during a certain period of time ,ultra 

modem CT systems require only 0.4 seconds for one rotation, a short rotation time 

has the following advantages:-

a longer spiral scan be acquired in the same scan time, the same volume and the 

same slice thickness can be scanned in less time, motion artifacts are eliminated, 

savings on contrast media through shorter examination times and reduced patient 

discomfort, since less contrast media is required.

For shorter examinations on fast acquisition of large anatomical regions a sub 

second rotation time is recommended, this applies especially for instance to 

constantly moving organs such as the heart [6].

mAs: The mAs value (e.gioo mAs) is the product of the tube current (e.g200 

mAS) and the rotation time (e.g0.5s) in multi-row CT systems we simplify this 

equation by using what is commonly called effective mAs.

The selected mAs and tube voltage determine the dose, the mAs value selected 

depends on the type of examination, higher mAs value reduce the time noise, thus 

improving the detect ability of lower contrasts. For visualization of the soft tissue

i.e. regions of low contrast a higher dose and larger slice thickness are required. 

The abdomen and brain are typical regions of soft tissue contrast visualization of

11



bones or lungs i.e. regions of high contrast, as well as contrast studies of vessels 

require low doses and thinner slices CT scanners also feature the Combined 

Applications to Reduce Exposure (CARE) dose technical measures package.

Which was developed to reduced patient exposure to radiation, this package 

guarantees shorter examination times, the lowest possible exposure to radiation and 

images of excellent quality ,ultra modem computer technology “monitors” the 

patient during the entire examination period ,during each rotation the radiation is 

continuously measured and modulated according to the current attenuation level 

,CARE dose thus make it possible to vary the radiation dose depending on the 

patients anatomy and thus reduce it by as much as 56%scanners parameters 

determine the image quality ,optimal performance of spiral CT systems can be 

achieved only with an optimal combination of parameters [6].

2.3 Radiation quantities and unit

Radiation dose in CT is classified according to the examinations that use radiation 

at low dose rates ,although the risk of cancer incidence ftom the radiation exposure 

with low dose rate is lower than high dose rate ,when a human is exposed to the 

same radiation dose the international commission on radiation protection (ICRP) 

recommends using a dose and dose rate effectiveness factor (DDREF) the radiation 

dose for each CT examination should be managed according to the TNT model 

because the risk of cancer incidence from radiation exposure on CT examinations 

cannot be excluded completely [7].

Milligray: Is a measure of the absorption of ionizing the energy per unit mass of 

matter and is measured in joules per kilogram, the milligray is used as a unit of 

measure for both the radiation ionizing energy from the scanner (CTDI I) and 

absorbed radiation dose in the patient [8].

Millisievert: Is unit of effective radiation dose that is dependent on both the 

amount of absorbed radiation (in milligrays) and the relative radio sensitivity of the

12



exposed organs, it is derived from the absorbed dose to a generic reference (both 

sexes, all ages standard - size patient and is meant to normalize stochastic risk by a 

representative average whole body dose [8].

Absorbed dose: Absorbed dose is measure of energy deposited in a medium by 

ionizing radiation and is equal to the energy deposited per unit mass of medium, 

which is measured as joules per kilogram (J/Kg) and represented by gray (Gy) 

when it is applied to patient dose measurement the dose is averaged over the whole 

volume of each tissue or organ [8].

Equivalent dose: Is used in radiation protection and is not measurable in practice 

,it accounts for the biological damage potential of different multiplying the 

absorbed dose for each organ or tissue by radiation weighting factor ,it can be 

calculated from the following equation

Ht=Wr d (1)

Where

Ht = is the equivalent dose (in sieverts Sv)

Wr = is the radiation weighting factor

Dt = is the absorbed dose for each organ or tissue [7].

Effective dose: is also used in radiation protection, and is not measurable in 

practice. It can compare the stochastic risk of a no uniform exposure to ionizing 

radiation with risk caused by a uniform exposure of the whole body, the effective 

dose is obtained by calculating a weighted average of the whole body equivalent to 

different body tissue weighting factor which are designed to reflect the different 

radio sensitivities of the tissue, it can be calculated from following equation

E=ZtWtHt (2)

Where

E = is the effective dose (Sv)

Wt = is the tissue weighting factor

13



The effective dose is defined and estimated in a reference person and provides a

value that considers the given exposure conditions but not the characteristics of

specific individual [7].

Organ dose determinations: The organ dose conversion factor F (organ, z) was

obtained fiom national radiological protection board (NRPB) datasets (NRPB-

SR250) based on the Monte Carlo simulations the CT dose software supplied by

the IMPACT group was used CTDI air normalized to lOOMAs(nCTDTair) CT

scanner manufacture and model and typical scanning parameters such as KVp, mA

and exposure time, pitch ,slice thickness , gender and start and end positions of

each scan were used as input data to the CT dose spreadsheet in organ dose

estimation) [9].

2.4 Cancer risk estimation

Risk. Ry off developing cancer in a particular organ (T) following ICRP after

irradiation was estimated by multiplying the mean organ equivalent (Ht) dose with

the risk coefficients (Ft) obtained from ICRP

Rt -Ht . Ft (3)

The overall life time mortality risk (R) per procedure resulting from cancer

(heritable was determined by multiplying the effective dose (E) by the risk factor

(f), the risk of genetic effects in fiture generations was obtained multiplying the

mean dose to ovaries by the risk factor [9].

R = E.f=£ Rt (4)

2.4.1 Radiation dose descriptors in CT

CT dose index: The principal dosimetric quantity used in CT is the CT dose index 

(CTDI), this is defined as the integral along a line parallel to the axis of rotation (z) 

of the dose profile (D (z)) for singe rotation and a fixed table position, divided by 

nominal thickness of x-ray beam, CTDI can be conveniently assessed using a
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pencil ionization chamber with an active lengh of 100 mm, so as provide a 

measurement of CTDIioo expressed in terms of absorbed dose to air

CTDI =1 ب nt{_ D(Z) dz ...... (5)

Where

n = is the number of slice thickness

D (z) = is the dose profile along the z-axis from a single acquisition

CTDIioo is measured in units of exposure (C/Kg) and is converted to absorbed dose 

(mGy) [7].

Weighted CTDI: Absorbed dose between central and peripheral regions of an 

object are different in CT scans to take this different into consideration normalized. 

(nCTDIw): Is (nCTDIw) per 100 mAs.

Volume weighted CT dose index (CTDIvoi): The volume weighted CTDI has been 

defined by the international electro-technical commission 2003.

CT was always considered (“high dose “) technique, there is growing realization 

that image quality in CT often exceeds the level needed for confident diagnosis and 

that patient doses are higher than necessary [21.

The united Nation scientific committee on the effects of atomic radiation

(UNSCEAR, 2000) has highlighting that the worldwide there about 93million CT 

examination performed annually at a rate of about 57 examinations per 100

persons.

UNSCEAR also estimated that CT constitutes about 5% of all x.ray examination 

worldwide will accounting for about 34% of resultant collective dose. In the 

countries that were identified as having the highest levels of health care, new 

advancement of the CT has also led to great increase of radiation dose to patients, 

the use of multi slice computed tomography (MSCT) has aggravated the scenario
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with the increasing of collective dose of CT examinations because the MSCT

produces higher dose to the patients compared to single slice CT (SSCT) [8].

2.4.2 Minimizing CT radiation risk

The first line of defense against in appropriate use of CT radiation lies within the

individual facility, developing reasonable standard operating procedures and

properly designed CT protocols goes long way toward minimizing radiation risk.

This can be accomplished by developing ftame work to determine the

appropriateness of requesting a CT as compared to other potential imaging

modalities that deposit minimal or no radiation dose, similarly an approach for

the conditions under which a repeat examination is acceptable should be

established a clinic can have a fully optimizing clinical protocol but if that

protocol is unnecessarily over utilized on a single patient or group of patients.

further optimization should be performed, CT scanning must be done only by

qualified medical practitioners and justified by both the referring doctors and the

radiologist, establishment of clinical guidelines to advise referring doctors and 

radiologists about the appropriateness and acceptability of CT examinations helps 

eliminate inappropriate requests for CT. In addition CT examinations should not

be repeated without clinical justification. Regular training of requesting physicians

and CT staff can help in the optimization of scan indications, protocols and

radiation dose [2].

Procedures with no radiation exposure, such as ultrasonography and magnetic

(MRI), should be used for appropriate clinical indications

where equal or greater diagnostic information can be obtained. Since there are no

dose limits for patients undergoing CT examinations and what is deemed to be an

acceptable patient dose relies on the professional judgment of health personnel in

charge of the diagnostic procedures; it is important to ensure that imaging

protocols are continually reviewed such that the choice of radiographic technique

16

I



is consistent with ALAR principle. This is best accomplished with the assistance of 

a diagnostic medical physicist. Also repeated scans should be minimized or 

avoided if possible 2؛].
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2.5 Previous study:

Justin E.Ngaileet et.al 2006 estimate of patient organ doses from CT 

examinations ((Tanzania)) the aims of this study are first to determine the 

magnitude of radiation doses received by selected radiosensitive organs of 

patients undergoing CT examinations and compare them with other studies and 

second to assess how CT scanning protocols in practice affect patient organ 

dose in order to achieve these objectives, patient organ doses from five 

common CT examinations were obtained from eight hospitals in Tanzania the 

patient organ doses were estimated using measurements of CT dose 

indexes(CTDI, exposure-related parameters and the IMPACT spreadsheet 

based on nation radiological protection board (NRPB) conversion factors, a 

large variation of mean organ doses among hospitals was observed for similar 

CT examinations ,these variation largely originated from different CT 

scanning protocols used in different hospitals and scanner type. The mean 

organ doses in this study for the eye lens (for head) thyroid (for chest), breast 

(for chest), stomach (for abdomen) and ovary (for pelvis) were 63.9 mGy, 12.3 

mGy, 26.1 mGy, 35.6 mGy and 24.0 mGy respectively [10].

Huda et. al 2008 in comparison for head and body organ doses in CT, compare 

head and body organ doses received by adult patients undergoing whole body 

scan operated using the same technique factors, dosimetry data were obtained 

for six CT scanners (16 and 64 slices ) from four persons . Organ doses were 

obtained using the IMAPCT CT dose soft ware package for an adult male, 

together with the corresponding head and body CTDIw .the data provide link 

between the CTDI doses generated on most commercial scanners for each 

clinical CT examination and doses to organ and tissue within the directly 

irradiated region of adult patient .the a average numerical ratio of the brain dose
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to dose head phantom CTDIw is 0.84± 0.05 ,the average ratio of lung dose and 

liver dose to body phantom CTDIw is 1.65±0.05 and 1.48 

±O.O5,respectively,when scanned under identical conditions lung doses are 

similar to brain doses and liver doses are only -10% lower, by comparison ,the 

average body ton head CTDTw ratio was 0.49±0.06,which erroneously 

implies that doses to organ in the head twice those of doses to organs in the 

body at the same techniques .two CT dosimetry phantom sizes are therefore 

nor required and our findings support the head to reassess the role if any of 

current cylindrical acrylic dosimetry phantom [11].

w. muhogora et.al 2010 in their study in pediatric CT examinations in 19 

developing countries:

Frequency and radiation dose ,investigated the frequency of computed 

tomography CT examination for pediatric patients below 15y of age in 128 

CT facilities in 28 developing countries of Africa ,Asia and Eastern Europe 

and to assess the magnitude of CT doses ,radiation dose data were available 

from 101 CT facilities in 19 countries ,the dose assessment was performed in 

terms of weighted CT dose index( CTDIw) volume CT index and dose length 

product (DLP) for chest (high resolution ) lumbar spine ,abdomen and pelvis 

CT examinations using standard methods, the results show that on average 

the frequency of paediatric CT examinations was 20 ,16 and 5% of all CT 

examination in participating center in Africa ,Asia and Eastern Europe 

respectively ,eleven CT facilities in six countries were found to use adult CT 

exposure parameters for pediatric patients ,thus inducting limited awareness 

and the head for optimization.

CT image were of adequate for diagnosis, the CTDIw variations ranged up to 

factor of 55 (Africa, 16,3 (Asia )and 6.6 (Eastern Europe ),the corresponding 

value DLP variations ranged by factor of 10,20 and 8 respectively ,Generally
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the CTDIw and DLP values in Japan are lower than the corresponding values 

in the three regions in this study ,the study has indicated a stronger head in 

many developing countries to justify CT examinations in children and their 

optimization awareness ,training and monitoring of radiation dose is needed as 

away forwards [12].

Walter Huda and Wenjun The purpose of their study (2011) is to estimate 

cancer risks from the amount of radiation used to perform body computed 

tomography (CT) examination؛ the ImPACT CT Patient Dosimetry Calculator 

was used to compute values of organ doses for adult body CT examinations. 

The radiation used to perform each examination was quantified by the dose- 

length product (DLP). Patient organ doses were converted into corresponding 

age and sex dependent cancer risks using data ftom BEIR VII. Results are 

presented for cancer risks per unit DLP and unit effective dose for 11 sensitive 

organs, as well as estimates of the contribution from ‘other organs’. For patients 

who differ ftom a standard sized adult, correction factors based on the patient 

weight and anteroposterior dimension are provided to adjust organ doses and 

the corresponding risks. At constant incident radiation intensity, for CT 

examinations that include the chest, risks for females are markedly higher than 

those for males, whereas for examinations which include the pelvis; risks in 

males were slightly higher than those in females. In abdominal CT scans, risks 

for males and female patients are very similar. For abdominal CT scans, 

increasing the patient age ftom 20 to 80 resulted in a reduction in patient risks 

of nearly a factor of 5. The average cancer risk for chest/abdomen/pelvis CT 

examinations was~26 % higher than the cancer risk caused by ‘sensitive 

organs’. Doses and radiation risks in 80 kg adults were ~10 % lower than those 

in 70 kg patients. Cancer risks in body CT can be estimated ftom the
t؛
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examination DLP by accounting for sex, age, as well as patient physical 

characteristics [13].



Chapter Three 

Materials and Method
3.1 Material

The CT machine that used in the study was Toshiba 64 slices in three main

hospitals in Khartoum state.

Table 3-1 shows the type of scanners used the in study

Hospitals Manufacturer Scanners

Alzytouna Toshiba Aquilion 8 to 64

Royal scan Toshiba Aquilion 8 to 64

Royal care Toshiba Aquilion 8 to 64

Patient’s Sample:

There were 40 cases taken from each hospital and the chosen investigations were

abdomen and brain examination, these cases were for adult patients regardless to

their weight and heights.

3.1.1 Data collection
The data was collected using data collection sheet; contain different parameters in

this table

Table 3-2 shows data collection

Se

ا
Age KV

Colli

matio

n

Slice

Number

Slice

Thicknes

s

Scan

Lengt

h

CTDI

vol
DIP

Tur

n

Table

Feed
Pitch

M 53 120 225 32 66 5 15.27 ٦٦٠٦ 1383.

٠٠مم6٠٠٠٠٠٠.٠
10.42 14.6 1.87

F 15 120 178 32 742 5 17 77.3 1552. 1.59 14.66 1.879
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3.1.2 Dose calculation

The calculation of organ and effective doses were done using the CT expo software 

following the entering of the required information in the spread excel sheet of the 

software. The required information is:

Age group. Gender, Scanner model: i.e. the manufacturer and type of the scanner.

(kv), tube current (AS)

collimation (N * hCO reconstructed

image (hrec) and number of series of scan (here one series is considered).

Scan range: calculated as the difference between the start and end points of the 

scan in (cm). Scanner data for scan region: these are some parameters established 

for each scanner type by the manufacturer. Mode of scanning: typically it’s helical 

(spiral) mode and Pitch.

Some parameters- required by the software - were calculated by equations such as: 

Turn: was calculated by the following equation and used to calculate the table feed

per rotation (TF):

Turn
Total number of slices for scan 
number of slices for machine

Table feed per rotation: it’s calculated by the following equation

TF=
scan length (cm)

turn

Total collimation: it expresses the effect of slice thickness in spiral mode and 

always greater than the slice thickness that results ftom the selected collimation 

and leads to incorrect values of the required results, calculated by the following

equation:

N*h٠٢
slice thickness

number of slice of machine
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- Pitch: it’s defined as distance moved by table during one rotation of the tube 

divided by the slice thickness, and calculated by the equation:

Pitch =
N*h٢oL

All results were calculated based on ICRP103 protocol option because it’s the 

updated protocol, instead of using ICRP60 protocol which was the common 

protocol used in all of the previous similar studies.

In all centers the mAs was taken as product of tube current in exposure time 

directly from machine.

In Royal care center the DLP values didn’t appear on the screen of the CT 

machine, so the following equation was used to calculate it:

DLP = scan lenghCTDIvoi

The slice thickness sometimes differs from one scan to another in some hospitals, 

but in some other hospitals slice thickness is established and fixed for all scans.

3.1.3 Dosimetric calculations
CT- Expo v2.4 software was used to calculate CT dose descriptors:

(i) CT dose index (CTDIw) and volume dose index (CTDIvoi) provides an 

indication of the average absorbed dose in the scanned region

(ii) CT dose -length product (DLP), the integrated absorbed dose along a line 

parallel to the axis of rotation for the complete CT examination

(iii) Effective dose (E), a method for comparing patient dose from different 

diagnostic procedures (effective dose).

In this study was used CT-Expo version 2.4 software tool for dose calculations 

and CT-Expo tools- based on Monte Carlo data published by Research center for 

Environment and Health in Germany- for dose calculation. Dose estimation is 

done based on mathematical phantom for adult (ADA.M and EVA).
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The software allows the calculations of CT dose descriptors (CTDI I) and DLP), 

organ dose and effective dose in accordance with new recommendations of the 

international commission for radiological protection ICRP 103 [15].

Background cancer risk calculator: The software that using to calculate 

the risk factor from CT examinations waswww.xravrisk.com. is an educational 

website that focuses on estimating this risk, one of the sites main features is a web 

based calculator that allows users to track their imaging history and estimate their 

Personal risk.

There are no published studies that prove the direct causality between medical 

imaging and increased cancer risk, current data on radiation exposure and cancer 

risk is based on data from survivors of atomic bombs and nuclear accidents and 

early use of x-rays. The assumed increased risk of cancer from low dose medical 

exposure (CT scan and x-rays) is based on individuals exposed to high doses 

(atomic bombs and nuclear accidents),The theory that the increased risk holds true 

at these lower doses is called the linear no threshold model and is the currently 

adopted model for calculating radiation risk. This website used average of DLP 

and age and effective dose to provide total effective doses, additional cancer risk, 

baseline cancer risk and baseline plus additional risk.

This site aims to provide accurate information for patients and health care 

providers to facilitate well informed discussions about increased risk of cancer 

from low doses radiation exposure.

ا
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Table 3-3 shows machines data

Center KV Ranges

mAs

Slice

thickness(mm)

hrec No. of slice

Alzytouna

(Toshiba)

120 61.3 to 350 5 0.8 540 to 1675

Royal scan

(Toshiba)

120 61.3 to 350 5 0.8 540 to 1675

Royal care

(Toshiba)

120 61.3 to 350 5 0.8 540 to 1675

Table 3-4 shows patient data for both examinations (brain and abdomen)

Center No. of patients Ranges of ages Ranges of ages /

years

Male Female

Alzytouna 40 18-67 38-80

Royal scan 40 20-64 ٦5-٦5

Royal care 40 T-٦S 17-60
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Chapter four 

Results and discussion

4.1 Results

In this chapter, the result of the CT dose measurements and data analysis are 

reported and discussed, CTDIvoi and DPL in the three hospitals included in this 

study, were reported both as recorded from the console of the CT machines, as 

well as the calculated values of DLP, CTDI and effective doses by the software 

program and calculated values of age, mAs and KVp without software program 

summary of these statistical values are presented as maximum, minimum, mean, 

median, STD and 3٢٥ Quartile in all tables ftom 4-1 to 4-9 according to all patients, 

female, male and values of brain and abdomen in three hospitals (Alzytouna, Royal 

scan and Royal care); tables 4-10 to 4-11 shows the mean of effective doses ftom 

previous study and effective doses of brain and abdomen in three hospitals; 

Tables 4-12 to 4-13 shows organ doses of brain and abdomen in three hospitals. 

Tables 4-14 to 4-15 shows estimations of risk cancer from CT. brain and CT. 

abdomen examinations, table 4-16 shows estimation of risk cancer ftom CT 

examinations according to the genders.

Table 4-1 shows statistical parameters for all patients

Mean Median STD Min Max 3٢٥ Quartile

Age 45.8 45 9.8 14 85 64

KV 19 120 1.83 100 120 120

mA 200.27 225 50.04 100 350 225

DLP 2362.63 1584.4 1609.73 158.5 7323.3 3088

CTDI 102.96 80.8 84.90 24 581 80.8

E 9.73 5.2 8.52 1.5 33 15.15
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Table 4-2 shows all statistical parameters for female

Mean Median STD Min Max 3 ٢٥ Quartile

Age 42.4 40 18.2 15 83 55

KV 19.6 120 ٠٦٦! 100 120 120

mA 211.7 225 46.9 100 350 225

DLP 2176.3 1553.9 1386.1 158.5 6508 3007.2

CTDI 102.9 80.8 9.6٦ 26.1 470.5 122.1

E 9.9 5.1 8.7 2.2 31.1 15.8

!
٠٠

٠٠
٠٠

٠٠

Table 4-3 shows all statistical parameters for male

Mean Median STD
٠عسسبع*٠م

Min Max 3 rd Quartile

Age 48.4 46 20.6 14 85 65

KV 120 120 0 120 120 120

mA 191.5 225 50.9 100 350 225

DLP 2505 1584.4 1758.5 446.4 7323.3 3565.2

CTDI 103 80.8 96.4 24 581 80.8

E 9.6 5.2 8.4 1.5 33 15.1

Table 4-4 shows statistical parameters for Alzytouna brain

Mean Median STD Min Max 3rd Quartile

Age 39.7 34.5 21.9 16 83 55.6

KV 120 120 0 120 120 120

mA 225 225 0 225 225 225

DLP 1554.6 1553.4 177.8 111.9 1940.5 1590

CTDI 79.2 80.6 ١٠٦٦ 77.3 80.8 80.8

E 16.9 15.2 5.4 10.5 28.5 21.7
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Table 4-5 shows statistical parameters for Alzytouna abdomen

Mean Median STD Min Max 3 ٢٥ Quartile

Age 46.9 45.5 22.9 17 85 70.7

KV 120 120 0 120 120 120

mA 225 225 0 225 225 225

DLP 1677.9 1584.5 630.3 158.5 3312.9 ١٦٦٦
CTDI 90.1 77.3 38.9 77.3 238.9 80.8

E 4.2 4.4 1.06 2 5.8 5.1

Table 4-6 shows statistical parameters for Royal scan brain

Mean Median STD Min Max 3 ٢ي  Quartile

Age 41.7 37.5 20 14 ٦5 62.5

KV 119 120 4.5 100 120 120

mA 203.7 225 55.8 100 300 225

DLP 2106 1584.4 1064.4 446.4 4212.3 3088

CTDI 141.1 80.8 150.9 24 581 16.6

E 3.7 3.9 1.4 1.5 5.8 4.8

ال
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Table 4-7 shows statistical parameters for Royal scan abdomen

Mean Median STD Min Max 3٢٥ Quartile

Age 46.2 39 17.5 20 78 64.5

KV 120 120 0 120 120 120

mA 149.2 100 81.5 100 350 178

DLP 2900.9 2222.6 1877.8 1028.5 6541.4 4212.3

CTDI 85.7 .%٦٦ 9. ٦٦ 26.1 339.4 11.7

E 7.6 5.5 5.16 2.8 17.8 12.2

Table 4-8 shows statistical parameters for Royal care brain

Mean Median STD Min Max 3٢٥ Quartile

Age 49.1 49 18.8 20 80 63.8

KV 120 120 0 120 120 120

mA 211.3 225 34.9 100 225 225

DLP 1648 1531.5 636.8 %٦٦ 3565.2 1689

CTDI 82.9 80.8 22.9 50.2 161.6 80.8

E 3.8 3.9 1.2 1.7 5.3 4.8

l

Table 4-9 shows statistical parameters for Royal care abdomen

Mean Median STD Min Max 3٢٥ Quartile

Age 50.58 52.5 16.9 15 80 64

KV 120 120 0 120 120 120

mA 187.4 178 19.3 178 225 178

DLP 4288 5005.9 2177.4 1224.2 7323.3 6386.3

CTDI 138.7 121.8 99.2 26.1 470.5 148.9

E 22.2 23.5 9.٦ 5.6 33 29.5
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Table 4-10 shows effective doses of some previous studies

Previous studies Brain Abdomen

This study 3.7-16.9 4.2-22.2

Sweden [15] 0.02-4.41 1-24.5

EC [16] 2 8

Sudan [17] till■ ■II ؤ 10

Table 4-11 shows effective doses of brain and abdomen in three hospitals

Hospital Organ Effective dose mean

Alzytouna Brain 16.9

Royal scan Brain 3.7

Royal care Brain 3.8

Alzytouna Abdomen 4.2

Royal scan Abdomen 1.6

Royal care Abdomen 22.2

Brain Effective Dose mS١

18

16

14

12

10

8

s

4

2

0

Brain ED mSv

Alzytouna

16.9

Royal Scan

٦٠٦

Royal Care 

3,8

Figure 4-1 show effective doses of brain in three hospitals
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Abdomen Effective Dose mSv

20

15

10

5

Royal Scan

٦خ

Royal Care 

22.2

Alzytouna

Abdomen ED mSv 4.2

Figure 4-2 shows effective doses of Abdomen in three hospitals

11

Female

Effective Dose mSv 9.9

Figure 4-3 shows effective doses of female and male in three hospitals

*
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Table 4-12 shows the mean of organ doses for brain in three hospitals

Organ Hospitals

Alzytouna Royal scan Royal care

Brain 97.53 56.86 56.24

Salivary gland 90.15 52.30 ٦٦.56

Thyroid gland 14.76 15.42 14.93

Bone marrow 13.96 9.05 9.80

Bone surface 34.64 9.92 20.28

ET tissue 14.66 14.39 15.28

Eye lens 123.87 72.33 72.38

Oral mucosa 86.46 52.33 56.44

Table 4-13 shows the mean organ doses for abdomen in three hospitals

Organ Hospitals

Alzytouna Royal scan Royal care

Liver 16.69 9.5 23.4

Stomach 21.34 11.35 32.70

L.L.nt 31.12 18.2 50.98

Bladder 44.16 20.72 58.16

Bone surface 21.35 10.68 29.46

Upper, intestine 39.56 8.91 56.66

Spleen 13.00 9.32 21.73

Kidney 30.04 14.49 42.34

Small intestine 37.35 18.3 56.11

Prostate 26.3 11.36 53.84

إ
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Table 4-14 shows estimation of risk cancer from CT-brain examinations:

Gender Total Effective

Dose

Additional

cancer risk

% Baseline

cancer risk

Baseline

Additional risk؛

X-ray risk report of brain in Alzytouna hospital

M 3.4 0.02% 1 in 4356 44.9 44.9

F 3.4 0.03% 1 in 3048 37.5 s. ٩٦

X-ray risk report of brain in Royal scan hospital

M 4.6 0.029% 1 in 3397 44.9 44.9

F 4.6 0.04% 1 in 2408 37.5 37.5

X-ray risk report of brain in Royal care hospital

M 3.6 0.02% 1 in 5321 44.9 44.9

F 3.6 0.03% 1 in 3957 37.5 ٩٦٠٩

Table 4-15 shows estimation of risk cancer from CT- abdomen examinations:

Gender Total Effective

Dose

Additional

cancer risk

% Baseline

cancer risk

Baseline +

Additional risk

X-ray risk report of abdomen in Alzytouna hospital

M 30.2 0.2% 1 in 601 44.9 45.1

F 30.2 0.2% 1 in 441 37.5 37.4

x-ray risk report of abdomen in Royal scan

M 52.2 0.3% 1 in 341 44.9 45.

F 52.2 0.4% 1 in 249 37.5 37.9

X-ray risk report of abdomen in Royal care

II
ا
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M ٦٦٠١ 0.4% 1 in 260 44.9 45.1

F 77.1 0.5% 1 in 195 37.5 38

Table 4-16 shows estimation of risk cancer from CT examinations according to the

gender:

Gender Total Effective

Dose

Additional

cancer risk

% Baseline

cancer risk

Baseline +

Additional risk

X-ray risk report of brain

M 3.9 0.02% In 4685 44.9 44.9

F 4.1 0.04% 1 in 2733 37.5 37.8

X-ray risk report of abdomen

M 45.4 0.3% 1 in 316 44.9 45.2

F 45.5 0.4% 1 in 263 37.5 37.9
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4.2 Discussion:

The value of the effective dose for individuals in planned exposure situations was 

found to be consistent with that of the previous studies viz. the effective dose as 

mean of all patients, female and male in this study was found to be 9.7 mSv, 9.9 

mSv and 9.6 mSv respectively tables [4-1, 4-2, and 4-3].

The effective dose mean of Brain in the three hospitals under study (Alzytouna, 

Royal scan and Royal care) was found 16.9 mSv, 3.7 mSv and 3.8 mSv 

respectively whereas the effective dose mean of Abdomen in three hospitals was 

found to be 4.2 mSv, 7.6 mSv and 22.2 mSv respectively. It is to noticed that the 

effective dose mean of Brain in ALzytouna hospital was higher than other 

hospitals and the effective dose of Abdomen in Royal care hospital was higher than 

other hospitals whereas the effective dose mean of male, female and all patients 

was very close to each other tables [4-1 to 4-9].

On the other hand, table [4.10] shows that the effective dose mean of Brain from 

this study was found to be higher than that of Sweden [I5]whereas the effective 

dose mean of Abdomen from this study was less than that of Sweden [15]. This 

variation may be attributed to the differences in the protocols used in hospitals of 

Sudan.

The mean DLP of all patients, male, female in this study was found to be 2362.6 

mGy.cm, 2176.3 mGy.cm and 2505.0 mGy.cm respectively. The mean DLP of 

Brain in three hospitals (Alzytouna, Royal scan and Royal care) was found 1554.6, 

2106 and 1648 mGy.cm respectively whereas the mean DLP of Abdomen in the 

three hospitals (Alzytouna, Royal scan. Royal care) was found to be 1677.9, 

2900.9 and 4288 mGy.cm respectively tables [4.1 to 4.9].

Table 4.12 shows the results of the mean of organ doses for Brain region 

examination in the three hospitals. It is to be noticed that the maximum doses was 

found to be in the Brain, salivary gland. Bone marrow. Bone surface. Eye lens, oral
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mucosa in Alzytouna hospital with the values: 97.53, 90.15, 13.96, 34.64, 123.87 

and 86.46 mSv respectively.

Table 4.12 also shows that the highest dose of the thyroid gland was found in 

Royal scan hospital with the value of 15.42 mSv whereas the highest dose of extra 

thoracic tissue or ET tissue was found in Royal care hospital with the value of 

15.28 mSv.

Table 4.13 shows the results of the mean organ doses for abdominal region 

examination in the three hospitals. It is found that the highest doses were delivered 

to liver, stomach. Low Larger intestine, bladder. Bone surface, upper large 

intestine, spleen, kidney, small intestine and prostate in Royal care hospital with 

the values of 23.4, 32.7, 50.98, 58.16, 29.46, 56.66, 21.73, 42.34, 56.77 and 53.84 

mSv respectively.

All the above mentioned results illustrate that both the calculated and displayed 

values of effective dose and DLP and organ doses of Brain and Abdomen are 

comparable to each other and the slight variations between these values may be 

attributed to the high accuracy of software used by each machine and that of the 

CT- Expo2.4 software. In addition, the variations could also be due to the 

differences in patients’ weights which are not considered when using the CT- 

Expo2.4 software. It could be noted that organ doses of Abdomen in Royal care 

hospital and organ dose of Brain in Alzytouna hospital are quite high and this may 

be attributed to the use of different scan parameters such as mAS, table feed per 

rotation (TF) and the total collimation (N *hco,); the large variations was obviously 

appeared in the number of slices in which the calculations were based on the 

relation: N*hco١.
The assumed increased risk of cancer from low doses of medical exposures is 

based on individuals exposed to high doses such as CT scan; this risk cancer can be 

calculated on the basis of the website: www.xravrisk.com. This website used
<
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average of DLP and age and effective dose to provide total effective doses, 

additional cancer risk, baseline cancer risk and baseline plus additional risk.

As shown in Table 4.14, the highest percent of cancer risk from CT. Brain 

examinations in Royal scan hospital in female was found to be 1 in 2408 patients 

which also higher than its corresponding percent in the other two hospitals.

Table 4.15 shows estimations of risk cancer from CT. Abdomen examinations in 

Alzytouna hospital. The highest percent of cancer risk from CT. Abdomen 

examinations in Royal care hospital in female was found to be 1 in 195 patients, 

which is higher than that of the Royal scan and Alzytouna hospitals. This may be 

due to accuracy of software used by machine and the protocols used by Royal scan 

and Alzytouna hospitals.

Table 4.16 illustrates the estimation risk cancer from CT examinations according 

to gender. It was found that the cancer risk for Brain of male was 0.02% which is 1 

in 4685 patients and for female was 0.04% which is 1 in 2733 patients. On the 

other hand, cancer risk for Abdomen of male was found to be 0.3% which 1 in 316 

patients and for female was 0.4 which is 1 in 263 patients. It worth mentioning that 

the maximum percent of cancer risk from CT. Brain examinations according to 

gender in female was found to be 1 in 2733 patients and this is higher than that of 

the male patients whereas maximum percent of cancer risk from CT. Abdomen 

examinations according to gender in female was found to be 1 in 263 patients and 

it is also higher than that of the male patients.

It could be concluded that the infection percent of female by cancer risk 

outweighing the percent infection of male. Moreover, from the data presented in 

this study as in the above discussion, CT Expo software and website calculator 

may be considered as a suitable tool for estimation and evaluation of the doses for 

such CT examinations.
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Chapter five

Conclusion and Recommendations
5.1 Conclusion

The purpose of this study was to estimate the patient doses CTDIvoi, DLP and 

Effective dose during some selected CT examinations in three hospitals in 

Khartoum state (Alzytouna, Royal scan. Royal care).

The study showed that the calculated dosimetric quantities CTDIvoi, DLP and 

Effective dose was quite high in one hospital compared with the other two. This 

discrepancy is most probably due to the differences in protocols used by each 

hospital.

The study also reveals that it will add value if all hospitals use the 103 protocol for 

CT procedures. This information was extracted from the delivery of different doses 

for patient undergoing the same CT procedure.

Moreover, the study shed the light on the good accuracy when using the software 

CT Expo and the website www.xravrisk.com calculator.

In conclusion, comparing the Effective dose from the hospitals, the CT Brain in 

ALzytouna hospital was found to be higher than that of the other hospitals whereas 

for CT Abdomen the measurements in Royal care hospital were found to be higher 

than those of the other two hospitals. The Study also reveals that the probability of 

cancer induced in the female was higher than that for the male and this is most 

plausible due to the apparent fact that female’s body contains a higher percentage 

of fat than male.
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5.2 Recommendations

٠ A standard protocol for each CT examination should be developed and 

applied by all hospitals; this will help in minimizing guessing work which 

in turn would decrease patient dose.

٠ All staff should be provided adequate training and retraining both in the 

field of their specialties as well as in the field of radiation protection.

٠ More studies should be performed for evaluation of the patient dose 

undergoing CT examinations to cover the other organs which are not 

considered at this study.

٠ Efforts should be done so as to establish diagnostic reference levels (DRL) 

for CT examinations in Sudan.

٠ Monitoring of patients doses received during CT examinations should be 

conducted regularly as part of quality assurance program. Frequent 

deviations of doses from the set DRLs should be promptly investigated and 

corrective actions should be identified and implemented.

٠ Avoided repetition test without clinical justification.

٠ Considerate ALARA principle.

٠ Medical physicists should perform the required quality control and quality 

assurance test to ensure that the CT machine works effectively to prevent 

excess radiation dose to patients.

٠ CT scanning must be done only by qualified medical practitioners and 

justified by both the referring doctors and radiologist.

٠ Establishment of clinical guidelines to advise referring doctors and 

radiologists about the appropriateness and acceptability of CT examinations 

helps eliminate inappropriate requests for CT.

إ
ا
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