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Abstract 

The aim of this study was to estimate patient radiation dose, the annual frequency and the 

number of staff and devices in the medical applications of ionizing radiation in Sudan. Survey 

was conducted on diagnostic radiology, nuclear medicine and radiotherapy. With respect to 

diagnostic radiology; only patient radiation dose was estimated. The data for diagnostic 

radiology was obtained from 24 peer – reviewed scientific published literatures during the 

years (2006 – 2015). The collected publications included about 64 Sudanese hospitals 

covering different types of diagnostic exams. All values of the effective dose for pediatric and 

adult patients were within the ranges of similar worldwide values published by UNSCEAR 

report in 2008 with exceptional to fluoroscopy hystrosalpingography for adult patients. 

For nuclear medicine procedures, questionnaires were distributed to five hospitals, 

representing the whole existing NM department in Sudan at the time of study. The estimated 

total annual frequency of diagnostic procedures was 0.2 per 1000 population. The estimated 

total annual collective and annual per caput effective dose from all NM procedures were 

16.268 man Sv and 0.5 µSv, respectively. Comparing the annual per caput effective dose with 

UNSCEAR value, our results was less than the worldwide value and greater than the value for 

health care level III-IV countries. 

Questionnaires were also distributed to collect data on radiotherapy procedures performed in 

the two existing radioisotopes Sudanese hospitals. The prescribed dose and the number of 

fractions were comparable between the two hospitals. The minimum prescribed dose was 20 

Gy with 5 fractions for nasopharynx (NPH) palliative and the maximum prescribed dose was 

64 Gy with 32 fractions for prostate.  
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ةالخالص  

السنوى , عدد العاملين واألجهزة  لعدد االختباراتهذه الدراسة تقدير الجرعة اإلشعاعية للمرضى باإلضافة  استهدفت
, الطب  يصيةالتشخ االشعة على االستطالع إجراء تم وقد.  السودان فى المؤين لإلشعاع الطبية التطبيقات ىالمستخدمة ف

, وقد تم الحصول  فقط للمرضى اإلشعاعية الجرعة قدرت فقد التشخيصية باالشعة  يتعلق فيما . شعاعىالنووى والعالج اإل
 شملت( 2015-2006ورقة علمية مراجعة  منشورة فى الفترة مابين العام ) 24على بيانات االشعة التشخيصية من عدد 

للمرضى   الفعالة الجرعة قيم جميعكانت  وقدشفى  تغطى انواع مختلفة من الفحوصات التشخيصية . ستم 64 نحو
اإلشعاع  آثاربدراسة  المعنية المتحدة لالمم العلمية اللجنةالمنشورة بواسطة  المماثلة القيم نطاقات ضمن بالغينوال الطفالا

 واالنابيب للمرضى البالغين . الرحمى التنظيربإستثناء   2008 للعامالذرى 

الطب الطب النووى تم توزيع استبيانات لخمسة مستشفيات , تمثل كل اقسام الطب النووى الموجودة فى  تقاتطبيبالنسبة ل
نسمة . وبلغ اجمالى الجرعة  1000لكل  0.2السنوى  التشخيصية عدد االختباراتالسودان فى وقت الدراسة . بلغ مجموع 

 0.5رجل سيفرت و  16.268الطب النووى  ختباراتيع إالفعالة الجماعية ونصيب الفرد السنوى من الجرعة الفعالة  لجم
 سيفرت , على التوالى .  ايكروم

 المعنية المتحدة لالمم العلمية اللجنةة مع القيم المماثلة المنشورة بواسطة نصيب الفرد السنوى من الجرعة الفعالبمقارنة 
قيم دول الرعاية الصحية للمستوى  وجد ان القيمة المقدرة فى هذه الدراسة اكبر من 2008 للعاماإلشعاع الذرى  آثاربدراسة 

  م. لالثالث والرابع واقل من القيم الكلية للعا

 جودةو الم مستشفياتال من اثنين فى اجريت والتى باالشعاع العالجية عن االختبارات بيانات لجمع استبيانات توزيع ايضا تم
االدنى للجرعة  الحدوجد ان  . المستشفيين بين تشابههمريبا قت الجلسات وعدد الموصوفة الجرعة كانت وقد . السودان فى

والحد األقصى للجرعة  واألنف البلعومالتلطيفي لسرطان  للعالججلسات وذلك  5 على موزعةغراي  20الموصوفة  
 .البروستاتا سرطانعالج ل جلسة 32على   موزعةغراي  64الموصوفة  
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Chapter One 

Introduction  

 

1. 1 Introduction 

Medical x-ray exposures have been the largest man-made source of population exposure to ionizing 

radiation in developed countries for many years. The medical use of ionizing radiation remains a rapidly 

changing field. This is in part because high levels of innovation by equipment supply companies and 

introduction of new imaging techniques (UNSCEAR, 2008). 

 Medical exposures should be justified on an individual basis by offsetting the very small radiation risks 

for patients with the usually very substantial benefits from improved diagnosis leading to more effective 

treatment of their medical problem (EC, RP No 154, 2008). In diagnostic radiology and nuclear 

medicine 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 imaging 

techniques and to comply with some international guidelines and regulations. During the past two 

decades several dose surveys have been performed worldwide for the study of patient radiation dose 

(ICRP – 60, 1991). 

Global estimate and trend of medical exposures have always been assessed by the United Nations 

Scientific Committee on the Effects of Atomic Radiation (UNSCEAR, 2000; UNSCEAR, 1996; 

UNSCEAR, 1993; UNSCEAR, 1988; UNSCEAR, 1982 and UNSCEAR, 1977). The objective of 

UNSCEAR reports, with respect to medical exposures, is to establish the annual frequency of medical 

examinations and procedures involving the use of radiation and the doses associated with them. 

UNSCEAR analyze the data to deduce temporal trends, to evaluate the collective population dose due to 

medical exposure, and to identify procedures for which the doses are major contributors on doses to 

medical exposures (UNSCAER, 2008). 

In Sudan, in spite of large medical institutions, studies on patient dose assessment are rare. This work is 

intended to review and collect data about radiation dose to the patient during diagnostic radiology, 

nuclear medicine and radiotherapy. The outcome will give a picture about the magnitude and 

distribution of this large and increasing source of population exposure. It is also anticipated that this 

work will be used in the analysis of the trends in medical exposures in the future and contribute in 
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adding information to UNSCEAR rarely data from health care level III countries such as Sudan. The 

number of equipment and the frequency of procedures were also indicated, but limited to nuclear 

medicine and radiotherapy. 

1.2 Objectives 

The objectives of this study are: 

1. To collect and summarize previous data related to diagnostic medical exposure in Sudan. 

2. To obtain the number of (staff and devices) and type of equipment in nuclear medicine and 

radiotherapy. 

3. To assess frequency and radiation dose in nuclear medicine (the annual collective dose and the 

annual average per caput dose).  

4. To survey the frequency, prescribed dose and number of fractions in radiotherapy procedures. 
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Chapter Two 

Theoretical Background 

2.1 Radiation 

Radiation is a form of energy that is transmitted in the form of waves or particles. There are two types of 

radiation:  

1. Ionizing radiation: has sufficient energy to remove an electron from an atom. It includes the 

radiation that comes from both natural and artificial man-made sources. 

2. Non-ionizing radiation: has less energy than ionizing radiation and cannot remove an electron from 

an atom. Examples of non-ionizing radiation include radio waves and microwaves (Canadian 

Nuclear Safety Commission, 2012). 

There are four main types of ionizing radiation:- 

1. Alpha particles: which include 2 protons and 2 neutrons. Alpha particles travel short distances and 

have large mass only a hazard when inhaled. 

2. Beta particles: are essentially high-speed electrons with small mass and variable energy. 

3. Gamma rays and X- rays: are pure energy (photons). 

4. Neutron: can be produced from nuclear fission. 

2.1.1 Radioactive Decay 

Also known as a nuclear decay or radioactivity, is the process by which a nucleus of an unstable atom to 

transform themselves and move to a more stable configuration. The nuclear transformation process 

releases energy via photons or emission of particles. The energy and/or particles released are loosely 

termed ionizing radiation (Introduction to radiation physics and dosimetry, 2011). 

2.1.2 Activity 

It is simply a measure of the rate of decay of the atoms of a nuclide, the number of atoms that decay in a 

unit time interval is proportional to the number available. Hence, the rate of decay is exponential, and 

defined as: 

                                                                                      A(t)  =  λ.N(t)  =  Noe
-λt                                                                                                             

(2.1) 
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Where N(t) is the number of radioactive nuclei at time t. 

A  is a constant = ln (2) / half-life 

The SI unit of activity is the Becquerel (1 Bq = 1 s
-1
). The older unit of activity is the curie (1Ci = 3.7 x 10

10
 s

-1
), 

originally defined as the activity of 1 g of radium-226 (Introduction to radiation physics and dosimetry, 2011). 

2.1.3 Half-life 

Is the length of time for half of the atoms of a given nuclide to decay, it is a unique characteristic of each 

nuclide. Half-lives range from millionths of a second to millions of years. It determines the rate at which 

the nuclide releases energy, thus, doses received from individual nuclides within a unit time are a 

function of the half-life as well as the energy released in each decay (Introduction to radiation physics 

and dosimetry, 2011). 

2.1.4 Radiation Exposure 

In general, exposure to ionizing radiation is divided into three types, namely, medical, occupational, and 

public. The medical exposure, of which the patient exposure due to medical diagnosis and treatment , it 

includes also the exposure of individuals as part of health screening programs or voluntary participation 

in medical, biomedical, diagnostic or therapeutic research programs (UNSCEAR, 2008). 

2.2 Radiation Dosimetric Quantities 

2.2.1 Basic Quantities 

Fluence 

The fluence, Φ, is the quotient dN by da, where dN is the number of particles incident on a sphere of 

cross-sectional area da, it is Unit: m
–2

 thus: 

                                              𝛷 = 𝑑𝑁/𝑑𝑎                                                                          (2.2) 

Energy Fluence 

The energy carried by the photons in an x-ray beam can be specified in terms of the energy fluence,Ψ, is 

the quotient of dR by da, (ICRU-60,1998), where dR is the radiant energy incident on a sphere of cross-

sectional area da, thus: 

                                                 Ψ = 𝑑𝑅/𝑑𝑎                         Units: J /m
2                                               

(2.3) 
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Exposure and Exposure Rate  

The exposure X is defined as: 

                                                   dQ/dm                               Units : Ckg
-1                                            

(2.4) 

Where dQ is the absolute value of the total charge of the ions of one sign produced in air when all the 

electrons and positrons liberated or created by photons per unit mass dm of air, are completely stopped 

in air. ICRU special unit of exposure was Roentgen (R). 

1 R = 2.58 x 10
-4

 C kg
-1

 

C kg
-1

 = 3876 R 

Exposure rate Ẋ is the exposure produced per unit of time. 

                                                    dX/dt                               Units : C/kg.s or R/s                 (2-5) 

2.2.2 Field Quantities  

The x– ray photons will ionize the air through which they are passing (via the photoelectric and 

Compton effects), resulting in measurable values of air kerma or absorbed dose to air at any point in the 

x – ray beam. The quantity kerma relates to the kinetic energy of all the charged particles liberated by 

uncharged particles. 

The kerma, K, is defined at a point and concerns the initial transfer of energy by uncharged particles to 

matter and is given by: 

                                            K = dEtr/dm                     Unit: J/kg, or gray (Gy)                     (2-6) 

Where: dEtr is the sum of the initial kinetic energies of all the charged particles liberated by uncharged 

particles in a mass dm of material. 

For uncharged particles of a single energy, kerma is related to the energy fluence by the mass energy 

transfer coefficient, μtr/ρ .Thus: 

                                                    K =  Ψ(μtr/ρ) 

For medical exposure, the kerma is usually expressed in air, the air kerma, Ka. Thus for photons of a 

single energy, Ka is given by: 
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                                          Kair = Ψ(μtr/ρ)air                            Unit: J/kg, or gray (Gy)                 (2-7) 

The photon beam is usually not monoenergetic in the case of medical x-ray imaging, a mean value of 

(μtr/ρ)air should be used, weighted according to the energy distribution of the energy fluence. 

Air kerma rate, �̇�a, is given by : 

                                                           �̇�a = dKa/dt                         Unit: J·kg
–1

.s
–1

 or Gy.s
-1

                (2-8) 

Where dKa/dt is the increment of air kerma in a time interval dt. 

The absorbed dose, D, is the quantity used to quantify the deposition of energy by ionizing radiation, is 

defined in (ICRU-60, 1998) as: 

                                                    D = d𝜀/̅dm                          Unit: J/kg, or gray (Gy)                 (2-9) 

Where d𝜀 ̅is the mean energy imparted by the radiation to matter of mass dm. 

The absorbed dose to air or material is related to the energy fluence by the mass energy absorption 

coefficient, (μen/ρ). For single energy Dair,t is given by : 

                                              Dair,t = Ψ (μen/ρ)air,t                               Unit: J/kg, or gray (Gy)                (2-10) 

In medical images where the photons are not monoenergetic, a mean value of (μen/ρ)air,t, weighted 

according to the energy distribution of the energy fluence, is used.  

                                              (μen/ρ)air,t =  (1 – g)(μtr/ρ)air,t                                                                                          (2-11) 

And in the case of charged-particle equilibrium and in the absence of bremsstrahlung losses, the kerma 

is equal to the absorbed dose in a volume element. Thus: 

                                                      K = D = (μen/ρ) = (μtr/ρ)                                                  (2-12) 

The absorbed dose rate, Ḋ, is defined as: 

                                                                 Ḋ = dD / dt                Unit: J·kg
–1

.s
–1

 or Gy.s
-1                   

(2-13) 
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2.2.3 Risk-related Quantities 

Organ Absorbed Dose 

The International Commission on Radiological Protection has recommended that the average absorbed 

dose in a tissue or organ DT is the appropriate basic dosimetric quantity for assessing stochastic radiation 

risks, and defined it in a specified tissue or organ T as the total energy imparted to the tissue, ԐT , 

divided by the mass of that organ, mT : 

                                                                DT = ԐT/mT                                                      (2-14)  

The risk of stochastic effect is dependent on the type and energy of the radiation as well as on the 

absorbed dose. As a consequence, the ICRP has recommended that the organ dose be weighted by a 

radiation weighting factor.  

Equivalent Dose 

For stochastic risk assessment, the ICRP has introduced the quantity equivalent dose, HT, to an organ or 

tissue, T, is given by: 

                                    HT = ∑ 𝑤𝑅 R.DT,R                                                    Unit: J/kg                                 (2-15) 

The special name for the unit of equivalent dose is Sievert (Sv). 

Where the DT,R is the average absorbed dose to tissue T from radiation R, and wR is the radiation 

weighting factor (wR = 1 for X – rays used in diagnostic radiology) . 

Effective Dose  

The effective dose, E, is defined in  (ICRP- 60, 1991) and  (ICRU-74, 2005). It is the sum over all the 

organs and tissues of the body of the product of the equivalent dose, HT, to the organ or tissue and a 

tissue weighting factor, wT, for that organ or tissue, thus: 

                                                      E = ∑ 𝑤𝑇 T.HT                                   Unit: J/kg                               (2-16) 

The special name for the unit of equivalent dose is Sievert (Sv). 

The tissue weighting factor, wT, for organ or tissue T represents the relative contribution of that organ or 

tissue to the total detriment arising from stochastic effects for uniform irradiation of the whole body. 
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The sum over all the organs and tissues of the body of the tissue weighting factors, wT, is unity (ICRP-

103, 2007). 

Collective Effective Dose  

The collective effective dose to the population is the sum, over all types of examinations, of the mean 

effective dose, �̅�i for specific examination type multiplied by the number of these examinations, ni, 

which may be deduced from the annual frequency. 

                    (Population dose) S = ∑ �̅�𝑖 ix ni                                           Units: man Sievert                   (2-17) 

The per caput effective dose is also used to quantify exposures that result from diagnostic radiology. It is 

the collective effective dose averaged over the population of both exposed and non-exposed individuals 

(UNSCEAR, 2008). 

2.3 Medical Exposures 

Of the artificial sources of the ionizing radiation, medical sources provide by far the largest contribution 

to the population exposure dose. Most of the medical contribution comes from diagnostic X- rays (above 

90%), this is due to the large number of X – ray examinations performed every year. This situation 

necessitates proper control of doses through optimized design and use of X – ray imaging systems. This 

can be achieved by accurate determination of dosimetric quantities by use of patient dosimetry with 

respect to X – rays used in medical imaging. Measurements for the purpose of dose control and 

assessment in radiology can be performed directly on the patient or, preferably, by using standard 

phantom. 

Second contributor of population exposure due to ionizing and non-ionizing radiation is the nuclear 

medicine, which is refers to the introduction of unsealed radioactive materials into the body, for the 

purposes of diagnosis and therapy. The radioactive material is usually given intravenously, orally or by 

inhalation. A radionuclide is modified to form a radiopharmaceutical that will be distributed in the body 

according to physical and chemical characteristics. 

Radiotherapy, the third one of population exposure is a collection of options available in clinical 

radiation oncology for the treatment of many types of cancer. It’s delivered by one of two methods: 

teletherapy or brachytherapy (IAEA, 2007; UNSCEAR, 2008). 
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2.3.1 Medical X - rays Radiography 

Imaging with X rays utilizes a range of techniques.  

1. Projection (Plain) Radiography 

Radiography using screen–film technology is the most common imaging modality used in radiology. In 

film – screen radiography, an X – ray tube generates a beam of X – rays, which are aimed at the patient. 

The X – rays that pass through the patient are filtered through a device called an X – ray filter, to reduce 

scatter and noise, and strike an undeveloped film, which is held tightly to a screen of light – emitting 

phosphors in a light – tight cassette. The film is then developed chemically and an image appears on the 

film, which can be archived. Film – screen radiography is being replaced by digital radiography (DR), in 

which the X – rays strike a plate of sensors that converted into an image displayed on a computer screen.  

Due to its availability, speed, and lower costs compared to other modalities, radiography is often the first 

line test of choice in radiologic diagnosis (Bernd Bittersohl and et al, 2013). 

2. Fluoroscopy 

Fluoroscopy is a special application of X – ray imaging, is a procedure that allows real time viewing of 

anatomical structures. As in projection radiography, this is a two dimensional imaging technique but it 

uses image intensifiers and displays images on a TV monitor. Radio contrast agents are used for imaging 

augmentation (Squire's Fundamentals of Radiology, 1997). 

3. Interventional Radiology 

Interventional radiology (IR or sometimes VIR for vascular and Interventional radiology) is a 

subspecialty of radiology, with long fluoroscopy times, in which minimally invasive procedures are 

performed using image guidance. Some of these procedures are done for purely diagnostic purposes, 

while others are done for treatment purposes. 

The basic concept behind interventional radiology is to diagnose or treat pathologies, with the most 

minimally invasive technique possible, the images are used for guidance, and the primary instruments 

used during the procedure are needles and catheters. The images provide maps that allow the 

interventional radiologist to guide these instruments through the body to the areas containing disease. By 

minimizing physical trauma to the patient, peripheral interventions can reduce infection rates and 

recovery times. 

http://books.google.com/books?id=XhFbngxk8lMC
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In IR procedures there is a potential of high skin doses to patient and workers. Deterministic effects are 

possible and due to patient age and prognosis, stochastic risk is generally ignored (Kaufman, J. A and et 

al, 2010). 

4. Computed Tomography (CT) 

The development of computed tomography (CT) revolutionized diagnostic radiology. CT imaging uses 

X – rays in conjunction with computing algorithms to image the body. In CT, an X – ray tube opposite 

an X – ray detector (or detectors) in a ring – shaped apparatus rotate around a patient, producing a 

computer – generated cross – sectional image (tomogram). CT is acquired in the axial plane, with 

coronal and sagittal images produced by computer reconstruction. Radio contrast agents are often used 

with CT for enhanced delineation of anatomy. Although radiographs provide higher spatial resolution, 

CT can detect more subtle variations in attenuation of X – rays. CT exposes the patient to more ionizing 

radiation than a radiograph. 

Spiral multi-detector CT uses during continuous motion of the patient through the radiation beam to 

obtain fine detail images in a short exam time. With rapid administration of intravenous contrast during 

the CT scan, these fine detail images can be reconstructed into three dimensional (3D) images. 

CT scanning has become the test of choice in diagnosing some urgent and emergent conditions. 

Continuing improvements in CT technology, including faster scanning times and improved resolution, 

have dramatically increased the accuracy and usefulness of CT scanning, which may partially account 

for increased use in medical diagnosis (Fundamentals of Computerized Tomography: Image 

Reconstruction from Projections, 2009). 

5. Mammography 

Mammography is the radiographic examination of the breast utilizing low energy x – rays and fine detail 

film – screen or digital imaging. Mammograms may be a screening examination, aimed at detecting 

early breast cancer or a diagnostic study, to better define abnormalities on a screening, follow – up a 

previously found abnormality or to evaluate a palpable mass or other symptoms.  

Breast imaging results in two views of each breast: cranialcaudal; CC and medical lateral oblique; MLO 

while the breast is compressed. The compression is necessary to flatten the breast for optimal imaging 

and to reduce movement. Mammography is currently in transition from film – screen to FFDM, full field 

digital imaging (Squire's Fundamentals of Radiology, 1997).  

http://books.google.com/books?id=BhtGTkEjkOQC
http://books.google.com/books?id=BhtGTkEjkOQC
http://books.google.com/books?id=XhFbngxk8lMC
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2.3.1.1 Patient Dose Assessment 

In diagnostic radiology there are two fundamental reasons for measuring or estimating radiation doses to 

patient. First, measurements provide a means for setting and checking standards of good practice as an 

aid to the optimization of the radiation protection of the patient and of image quality. Second, estimates 

of the absorbed dose to tissues and organs in the patient are needed to assess and determine the risks and 

radiation detriment so that radiological techniques can be justified and cases of accidental over exposure 

investigated (ICRU, 2005). 

1. To set and check standards of good practice 

Radiation doses delivered to patients vary for the some X- ray examination conduced in different 

facilities by different personal. Patient dose monitoring is required for performance awareness and 

comparison with generally accepted practice. Reference dose values assist to optimize patient protection 

by comparing the local performance with them through periodic measurement as part of QA programs. 

For these purposes, clearly defined dose quantities are required, which can be easily measured with 

readily available instruments of sufficient precision and accuracy. Consequently, dosimetric quantities 

associated with the primary x-ray beam(e.g., air kerma at a specified point on the beam axis) or closely 

related radiation quantities suited to particular applications (e.g., entrance surface absorbed dose, dose 

area product, CT dose index)have become established quantities used to set and check standards of good 

practice. 

2. The assessment of detriment or harm 

To justify a practice or investigate accidental overexposure, radiation dose to patient should be directly 

correlated to potential health risks. For stochastic radiation effects, the ICRP (1991) has recommended 

that the mean absorbed dose to individual organs or tissues is the quantity of interest. If deterministic 

effects are considered possible the absorbed dose to the more heavily irradiated sites at the surface of the 

body, such as the skin in the primary beam, is the radiation quantity of interest. Since organ or tissue 

doses can’t be directly measured, they can be derived from other directly measurable radiation quantities 

using appropriate conversion coefficients, which are available in published tabulations or can be 

calculated. They relate organ doses to the measured quantities, some of which are the same as the 

quantities used for setting and checking standards of good practice. Alternatively, organ and tissue doses 

can be derived from measurements inside physical phantoms (ICRU, 2005). 
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2.3.1.2 Application Specific Dosimetric Quantities 

There are distinct dosimetric requirements for measurement methods of practical patient dose in medical 

radiology. Measurements and calculations of relevant dosimetric quantities are directly applicable to the 

patient dose surveys needed to estimate population exposure from medical x-rays. 

1. General (Projection) Radiography/Fluoroscopy  

Several practical dosimetric quantities have been found useful for measurements in medical x-ray 

imaging. Due to the equivalence of numerical values of absorbed dose and kerma when expressed in the 

same units (J/kg) and measured in the same material for the x-ray energies used in medical imaging, 

quantities have often been alternatively referred to in terms of absorbed dose or in terms of kerma. 

a) Incident Air Kerma (Ka,i) or Incident Absorbed Dose to Air (Da,i) 

The incident air kerma or incident absorbed dose to air is the air kerma or absorbed dose to air on the 

central x – ray beam axis at a specified distance, d ,from the focus or at the focal spot-to-surface 

distance, dFSD, at the point where it enters the patient or phantom, so the effect of backscattered radiation 

is not included. And they are approximately related by the inverse-square law: 

                                               Ka,i = Ka(d)(d/dFSD)
2
                   Units : mGy                           (2-18) 

b) Entrance Surface Dose (ESD) or Entrance Surface Air Kerma (ESAK) (Ka,e)  
 

Entrance surface dose or the entrance-surface air kerma is the absorbed dose to air (or the air kerma) 

measured on the central axis of the x-ray beam at the point where it enters the patient or phantom. The 

distance from the measurement point to the entrance surface should be specified. It includes the effect of 

backscattered radiation. If B is the backscatter factor:  

                                       Ka,e= Ka,i . B                         Units: mGy                               (2-19) 

 

c) Dose-Area Product (DAP) or Air Kerma-Area Product (KAP)(PKA) 

 

The dose-area product (or air kerma-area product) is the integral of the absorbed dose to air (or the air 

kerma) over the field size area A of the x-ray beam in the plane perpendicular to the beam axis: 

                                        DAP = KAP = PKA = ∫A Ka (A) dA       Units: Gy cm
2
                    (2-20) 
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 In this quantity, radiation backscattered is excluded, as long as the plane of measurement or calculation 

is not so close to the patient or phantom (ICRU, 2005). 

2. Interventional Fluoroscopy 

There are several useful parameters for describing patient radiation dose estimates in Interventional 

Fluoroscopy procedures: 

a) Maximum or Peak Skin Dose (Dskin,max) 

It is the highest absorbed dose in any portion of the patient’s skin accumulated during a procedure. Peak 

skin dose includes contributions from the primary x – ray beam, leakage and scattered radiation. 

The National Council on Radiation Protection (NCRP) recommended that the peak skin dose can be 

used to evaluate the potential for deterministic effects in specific tissues. It is possibly estimated by 

tracking the radiation output of the x – ray tube. 

b) Cumulative Air Kerma (KA,R) 

It is an estimate of peak skin dose, described in units of (mGy). KA,R is determined for a specific point in 

space (the air kerma reference point), that the approximates the location on the patient’s skin at the point 

where the x – ray beam enters the body. 

c) Dose Area Product (DAP)  

DAP or Air Kerma Area Product (PKA) describes the total energy delivered by the x – ray tube and 

absorbed by all tissues in patient. It is measured at a point close to the source of x – ray. DAP is related 

to stochastic risk and less useful for estimating deterministic risk. 

d) Fluoroscopy Time  

It indicates the total time the x – ray beam was active during the patient procedure and should not be 

used as the only dose indicator during potential high – dose procedures (Dose Watch. Radiation Dose in 

Interventional Radiology, GE Healthcare, 2013) 

 

 

 

 

 



14 
 

3. Computed Tomography 

A CT scanner directs a series of X-ray pulses through the body. Each X-ray pulse lasts only a fraction of 

a second and represents a “slice” of the organ or area being studied. The slices or pictures are recorded 

on a computer and can be saved for further study or printed out as photographs. 

The practical dosimetric quantities used for CT examinations are: 

              a) CT Dose-Length Product (DLP) or CT Air Kerma-Length Product [PKL] 

The air kerma–length product PKL is the integral of the air kerma free-in-air over a line of length L 

parallel to the axis of rotation of a CT scanner, and is given by : 

                                                        PKL = ∫ 𝐾
𝐿 a(L) dL                  uints : Gy.cm                 (2-21) 

b) CT Dose Index free-in-air (CTDIa) or CT Air Kerma Index free-in-air [CK] 

CTDIa quantity relates particularly to the fan-shaped beams used in CT. It is the integral of the absorbed 

dose to air profile (or the air kerma profile CK) along the axis of rotation of the CT scanner for a single 

rotation with a single slice, divided by the nominal slice thickness. 

                                          CTDIa = CK=
1

𝑇
∫ 𝐾

+∞

−∞ a(z)dz= PKL/T          Units: Gy                   (2-22) 

For a multi-slice CT scanner with N slices of thickness T: 

                                       CTDIa = 
1

𝑁×𝑇
∫ 𝐾

+∞

−∞
a(z)dz = PKL/(NxT)                                         (2-23) 

CTDI100 measured free in air for a single rotation of a CT scanner and is defined as the integral of the air 

kerma along a line parallel to the axis of rotation of the scanner over a length of 100 mm and the 

nominal slice thickness, T, and for a multi slice scanner with N slices of nominal Thickness T becomes: 

                                  CTDI100 = CK,100  = 
1

𝑁×𝑇
∫ 𝐾

+50𝑚𝑚

−50𝑚𝑚 a(z)dz           Units: Gy                  (2-24) 

The CT air kerma index is also measured inside the standard polymethylmethacrylate (PMMA) CT 

dosimetry phantom, and it can also be defined similarly to CK equations. 

Other specialized dosimetric techniques have been used to assess patient radiation dose in CT, as it is 

difficult to directly determine organ doses. These dosimetric approaches are based upon the use of three 

quantities dedicated to CT dosimetry : weighted CT dose index (CTDIW), volume – weighted CT dose 

index (CTDIvol) and dose – length product (DLP). 
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Weighted CT Dose Index (CTDIW) or Weighted CT Air Kerma Index in the Standard CT Dosimetry 

Phantoms (CK,PMMA,w) 

The weighted CT dose (or air kerma) index is the weighted sum or combines values of the CT dose (or 

air kerma) index CK,PMMA,100 measured at the centre and periphery  of a standard CT dosimetry phantom 

for head or body. It is given by: 

                                       CTDIW = CK,PMMA.w= 
1

3
 .CK,PMMA,100,c+ 

2

3
 .CK,PMMA,100,p                 (2-25) 

The quantity CK,PMMA,100,c is the measured of CTDI from one rotation,  

Along the central axis of the standard CT dosimetry phantom and CK,PMMA,100,p is the CTDI from one 

rotation, along a line parallel to the central axis of the CT dosimetry phantom and 1 cm depth below the 

phantom surface and it is the average of values measured at four positions around the periphery of the 

same phantom. 

The subscript is used to indicate the value of CK,PMMA,w that has been normalized to unit tube-current 

exposure–time product, PIt, thus: 

                                                                 nCK,PMMA,w= CK,PMMA,w / PIt              Units: Gy/(mA.s)              (2-26) 

Volume CT Dose Index (CTDIVOL) 

The quantity, CTDIVOL, takes into account the helical pitch or axial scan  

Spacing, the CT pitch factor for a scan sequence is the ratio of the distance moved (∆𝑑, cm) by the 

patient support incouch  in the z – direction per helical rotation scanning or between consecutive serial 

scans and the product of the number of simultaneous tomographic slices N and the nominal slice 

thickness T , thus: 

                               Factor pitch             CT = P = 
∆𝑑

𝑁×𝑇
                                                          (2-27)                            

The pitch corrected value for the weighted CT dose (or air kerma) index, called the CTDIVOL is then 

given by: 

                CTDIVOL = CTDIW
𝑁𝑇

∆𝑑
 = CTDIW/P = CTDIK,PMMA,w /P          Units: mGy             (2-28) 
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CT Dose-Length Product (DLP) or CT Air Kerma-Length Product (PKL,CT) 

CT dose (or air kerma)-length product determined for the standard head or body CT dosimetry phantom 

and a complete CT examination, and it is depends on the CTDIvol and the axial length of the patient over 

which the CT examination is performed (L, cm), then the PKL,CT, is calculated using : 

                                                       DLP = CTDIvol x L                 Units : mGy.cm               (2-29)      

Where, L is the scan length, determined by the outer margin of the volume irradiated in the CT scan. 

For serial (axial) scanning, Tj is the single slice thickness (cm) and Nj the number of slices and PIt is the 

mA.s product in serial scan number j, thus: 

                                                     DLPAxial = PKL,CT= ∑𝑗 nCK,PMMA,wj .Tj.Nj .PItj                          (2-30) 

For helical scanning, Ti is the nominal irradiated slice thickness (cm), Ii is the tube current (mA) and ti is 

the total acquisition time(s) for the sequence i, thus: 

                                                     DLPHelical = PKL,CT = ∑𝑖 nCK,PMMA,wi .Ti. Ii .ti                  (2-31) 

 

4. Mammography 

It is widely known that within the breast it is the glandular tissue that is most radiosensitive, rather than 

fat or connective tissue. While simple measurement of ESD on top of a phantom has been considered as 

a suitable quantity, this does not take into account the attenuation properties of breast tissue, which vary 

according to both breast composition and x – ray radiation quality. 

Mean glandular dose or average absorbed dose in glandular tissue DG is most appropriate for risk 

assessments which was recommended by (ICRP) as the relevant dosimetric quantity for mammography. 

It is far better to use the mean glandular dose and age/sex-specific risk factors for radiation-induced 

breast cancer. 

(MGD) cannot be measured directly, but it is derived from incident air kerma Ka.i combined with 

conversion coefficients obtained from radiation transport calculations in mathematical models of the 

breast. 

                                          DG = cG Ka,i                            Units : mGy                                  (2-32) 
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Conversion coefficients cG are usually presented as a function of the  x – ray spectrum, which affected 

by half – value layer (HVL) of the incident radiation, kVp , target / filter combination, compressed 

breast thicknesses and composition (UNSCEAR, 2008). 

2.3.1.3 Measurement Methods 

Methods are required for the measurement of normalization quantities used in the dose-conversion 

coefficients and of quantities recommended for establishment and use of DRLs. Measurements of these 

quantities rely on the use of (i) ionization chambers, or (ii) solid-state dosimeters, including those 

employing radiothermoluminescence (TLDs). Calibration procedures and accuracy requirements for 

these dosimeters are required when applied to measure x rays used in medical imaging. 

Measurements in free air are mostly made with suitably designed ionization chamber dosimeters, 

whereas measurements on the surface of patients are more conveniently made with small TLDs stuck to 

the skin, which are less likely to obstruct useful information in the image and more completely measure 

the backscattered radiation (ICRU 2005). 

Methods for Determining Organ, Tissue and Effective Doses 

Beside the direct dose measurements on a patient there are two main approaches to assessment patient 

doses in diagnostic radiology: 

1.  Dose Measurements in Physical Phantoms 

More generally, organ doses can be measured using appropriate physical models of the human body that 

can be loaded with dosimeters and exposed under conditions typical for a type of examination. 

2.  Monte Carlo Radiation Transport Calculations 

Computers can be used to simulate x – ray examinations on a computational model of the patient 

(mathematical phantom) and calculate organ doses with much greater speed and flexibility. Extensive 

tabulations and data files are available containing the results of these calculations in the form of 

coefficients for converting measureable dose quantities into organ doses for specific diagnostic x – ray 

exposure conditions (ICRU, 2005). 
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2.3.2 Nuclear Medicine  

The origins of nuclear medicine began with discovery of radioactivity by Henri Bequerel (1896), and of 

radium by Mari Curie (1898). The power of nuclear medicine lies in its ability to provide exquisitely 

sensitive measures of wide range of biologic processes in the body, unlike the diagnostic images which 

are limited in their ability to provide biological information (Physics in Nuclear Medicine, 2003).  

Nuclear Medicine is a medical specialty which uses trace amounts molecular structure causes it to 

concentrate primarily in specific region of the body), to create an external imaging of the body 

(diagnosis) to evaluate the structure and/or function of the region, and to deliver a large radiation dose to 

the region to treat various diseases such as cancer (therapy) (UNCEAR, 2008). 

The technique works by injecting, oral administration or by inhaling into the patient’s body targeted 

radiopharmaceuticals that accumulate within the organs or lesions to reveal specific biochemical 

processes. 

Nuclear Diagnostics use a variety of imaging devices and radiopharmaceuticals. A special nuclear 

medicine camera detects the radiation, which is emitted from the body, and takes images or pictures of 

how the inside of the body is working. SPECT (Single Photon Emission Computed Tomography) and 

PET (Positron Emission Tomography) are highly sensitive imaging technologies that enable physicians 

to diagnose different types of cancer, cardiovascular diseases, neurological disorders and other diseases 

in their early stages.  

A gamma camera is a machine that is able to detect and make images from the very small amounts of 

ionizing radiation emitted from patients. The gamma camera usually has a table, often narrow, on which 

the patient lies. The images are taken using the camera ‘head’. A camera might have one, two or 

occasionally three heads, with one or more being used to obtain the images. Each camera head has a flat 

surface that has to be very close to the patient. The camera heads might be supported in a number of 

different ways using strong metal arms or a gantry. There are no unusual sensations associated with 

having images taken with a gamma camera and the machine makes no noise. 

In SPECT, the emitted radiation already is a ray, which is then directly used to create the camera 

images. SPECT cameras use collimators to help localizing with precision the direction of the incoming 

ray. 
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In PET, the emitted radiation is a positron (the anti-particle of the electron) which, when interacting with 

the tissues around the radiopharmaceutical, creates 2 rays, one opposite the other. The rays hit a camera 

and the two signals taken in coincidence allow a precise localization of the emission point. 

Many different radionuclide have been employed for imaging, but the most popular for most studies 

(except for PET) is 
99m

Tc. This radionuclide has short half-life (6 hours). It emits a gamma ray at 140 

keV with about 89% abundance, which is ideally suited for typical gamma cameras (UNSCEAR, 2008). 

Therapeutic procedures using radiopharmaceuticals are considerably less frequent than diagnostic 

procedures. Many therapeutic procedures are for the treatment of thyroid disease using 
131

I, which is 

particularly useful in the treatment of differentiated thyroid carcinoma and hyperthyroidism. The general 

concept of (molecular targeting) has been used for both imaging and diagnosis in nuclear medicine 

therapy (UNSCEAR, 2008). 

2.3.2.1 Internal Radiation Dose 

One of the most important factors to be evaluated in the assessment of radiation effects on an organ is 

the amount of radiation energy deposited in that organ. Calculation of radiation energy deposited by 

internal radionuclide is the subject of internal radiation dosimetry.  

Internal dosimetry is a more complex subject because of the following: 

1/ The distribution of specific radionuclide within the body and its uptake in certain critical organs. 

2/ Inhomogeneous distribution of the nuclide even within critical organ. 

3/ The biological half-life of the nuclide, which may vary with patients’ ages and may be modified by 

disease or pathological conditions.  

There are two general methods by which these calculations may be performed, the classic method, and 

the absorbed fraction method. Although the classic method is somewhat simpler, and the results by two 

methods are not greatly different, the absorbed fraction method also known as MIRD method (Medical 

Internal Radiation Dose) is more versatile and gives more accurate results (Physics in Nuclear Medicine, 

2003). 
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The MIRD system was developed by the (Society of Nuclear Medicine) for estimating radiation doses 

received by patients from administered radiopharmaceuticals (MIRD Techniques for Internal Dosimetry, 

2004).  

The simplest form of the Mean absorbed dose to target: 

                                                                             𝐷 ̅= Ã S                                                     (2-33) 

Where Ã: is activity accumulated over a time interval                  

 S: dose to target from unit cumulated activity in source organ(S-factor).    

The S-factor is defined by: 

                                                                  S = K ∑ 𝑛𝑖 iEiØi /m                                               (2-34) 

Where: K is a constant (units). 

ni = number of particles with energy Ei emitted per nuclear transition. 

Ei = energy of particle emitted (MeV) 

Ø = fraction of energy emitted by the source organ that is absorbed in the target. 

 m = is the mass of the target region (Kg).      

Then the mean absorbed dose to the target is defined as: 

                                                               �̅� = Ã n E Ø/ m                                                       (2-35) 

The equation in the MIRD system for the mean absorbed dose from source rS to target rT : 

                                                             𝐷 ̅(rT←rS) = ÃS S(rT←rS)                                            (2-36) 

Total dose in target rk: 

                                                             �̅�rT = ∑ Ã𝑆 S S(rT←rS)                                                 (2-37) 

Then all other terms must be amalgamated into the factor S, which becomes: 

                                                            S (rT←rS) = K ∑ 𝑛𝑖 iEiØi(rT←rS) /mrT                           (2-38) 
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2.3.2.2 Biokinetic Models  

For absorbed dose calculations the time – activity curve in different organs and tissues of the body after 

administration of radiopharmaceuticals is needed. The best way to get this information is by 

pharmacokinetic analysis, a model is defined, delineating the detailed distribution and flow, or transfer 

of the radionuclide (ICRP-106, 2008). 

 

Ã                 uptake                              

                                 ÃS = ∫ 𝐴
𝑡

0 S(t) dt 

 

                                               Washout + normal radioactivity decay  

 

 

                                                                                                               t 

 

                                                                ÃS = ∫ 𝐴
𝑡

0 S(t) dt                                                        (2-39) 

Simple exponential decay: 

  λ= ln(2)/T1/2      (physical half-life) 

  λ= ln(2)/TS             (biological half-life) 

1/Teff = 1/T1/2 + 1/TS                                                         

(λs) eff = λ + λs⟹ ln(2)/(TS)eff 

                                                               ÃS =∫ 𝐴
∞

0 S𝑒−(𝜆+𝜆𝑠)𝑡dt                                               (2-40)          

                                                                    = AS/(λ+λs) = AS/(λs)eff                                       (2-41) 
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The residence time is defined by: 

                                                                 t = ÃS / A0                                                               (2-42)                                

Where: A0 is the administered activity.   

For each compound, the Task Group has agreed upon a biokinetic model giving quantitative estimates 

for the distribution and metabolism of the radiopharmaceutical in the body. The literature on which this 

model is based is referenced (ICRP-106, 2008). 

The concept of effective dose to patients can also be useful in nuclear medicine. It can be of practical 

value for comparing the relative doses related to stochastic effects. 

The effective dose is calculated by adding the weighted organ or tissue mean dose equivalents, HT thus:  

                                                                   E = ∑ 𝑤𝑇 T HT                                                        (2-43) 

E: effective dose 

wT: is the relative radiation sensitivity of organ or tissue T  

 HT: mean equivalent dose in target organ or tissue T 

For the radionuclide used in diagnostic nuclear medicine, it is numerically equal to that of the mean 

absorbed dose, since the radiation weighing factor wR is taken as unity for this radionuclide (ICRP-106, 

2008).    

2.3.3 Radiation Therapy 

Radiation therapy, often referred as (radiotherapy), is the collection of treatment options available in the 

medical specialty known as clinical radiation oncology. Nowadays radiation therapy is used for 

treatment of many types of cancers (UNSCEAR, 2008). 

The goal of radiation therapy is to achieve cytotoxic levels of irradiation to a well-defined target volume 

(the volume of tissue that must be treated to assure that the tumor receives the prescribed dose) of the 

patient, while avoiding the exposure of surrounding healthy tissues. The treatment generally involve 

multiple exposures (fractions) spaced over a period of time for maximum therapeutic effect. 

Radiation therapy is an important treatment modality for malignant disease, either curative or palliative 

treatment, and is most often delivered in combination with surgery or chemotherapy, or both. 
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2.3.3.1 Modalities and Techniques 

There are two methods of radiation delivery: 

1/ External Radiation Beam:  

Also called teletherapy, in which a beam of radiation is directed to the target tissue from outside the 

body, and it can be delivered with several classes of treatment machines: 

a) Kilo voltage X – ray generators, which include three main types : 

I. Contact therapy machines  

II. Superficial therapy machines  

III. Orthovoltage therapy machines  

b) Radionuclide teletherapy units: 

These units containing a high – activity source of radioactive cobalt (
60

Co). 

c) Megavoltage X – ray machines: such as electron linear accelerators (linacs). 

d) Proton and heavy particles accelerators. 

2/ Internal Radiation Beam 

Or brachytherapy, is the radiation delivered from inside the body by surgically placing radioactive 

source material, sealed in catheters or seeds, directly into the tumor. This therapy contrasts with 

external- beam radiotherapy. 

The main types of internal radiation are:  

 Interstitial radiation: the radiation source is placed directly into or next to the tumor using small 

pellets, seeds, wires, tubes, or containers.   

 Intracavitary radiation: a container of radioactive material is placed in a cavity of the body such as the 

chest, rectum, or uterus. 

Permanent brachytherapy: uses small containers, often called pellets or seeds, which are about the size 

of a grain of rice. They are put right into the tumors using thin, hollow needles. Once in place, the pellets 

give off radiation for several weeks or months. Because they are very small and cause little discomfort, 

they are simply left in place after their radioactive material is used up.   
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Temporary brachytherapy: can be high-dose rate (HDR) or low-dose rate (LDR). Either type places 

cylinders, hollow needles, tubes (catheters), or fluid-filled balloons into the area to be treated,  then 

they’re removed after treatment. Radioactive material can be put in these containers for a short time and 

then removed. This may be done by hospital staff or the radioactive material can be put into the device 

remotely by machine.  

For HDR brachytherapy: the radiation source is put into place for a few minutes at a time, and then 

removed. This process may be repeated twice a day for up to a week, or once a week for a few weeks.   

For LDR brachytherapy: the radiation source stays in place for up to 7 days. To keep the implant from 

moving, the patient will need to stay in bed and lie fairly still. For this reason, the patient will stay in the 

hospital during LDR therapy.  

2.3.3.2 The Absorbed Doses and Fractions 

Absorbed dose is an essential quantity in radiation therapy, and should be specified for all relevant 

points and/ or volumes. For radiation oncology applications, the (ICRU) has always recommended that 

the absorbed dose be reported at reference points and in relevant volumes, together with a complete 

description of the treatment conditions in order to allow full understanding, interpretation and 

reconstruction, if needed, of the treatment. The dose of radiation absorbed correlates directly with the 

energy of the beam. 

Besides absorbed dose, the clinical outcome depends on a number of other factors such as dose per 

fraction, overall treatment time, dose rate, instantaneous dose rate, dose homogeneity, radiation quality 

(Relative Biological Effectiveness RBE) and other technical or biological conditions. (Biological 

weighting of absorbed doses in proton and heavier ion‐beam therapy: ICRU‐IAEA, 2009). 

2.3.3.3 Dosing and Treatment with External Beam Radiation  

For external radiation, the total dose is often divided into smaller doses (called fractions) that are 

typically given over a number of weeks. This allows the best dose to be given with the least damage to 

normal tissues. Treatments are usually given 5 days a week, for about 5 to 8 weeks. Some cancers may 

be treated more often than once a day.   
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2.3.3.4 Radiation Dosimetry  

It is the subject that describes methods for quantitative determination of energy deposited in a medium 

by ionizing radiation. The medium of interest in radiotherapy is human tissue. Experimental 

determination of absorbed dose is often performed in so-called phantoms. A phantom is used to simulate 

human tissue and is made of plastics, solid or water-filled. Measurements in phantoms are performed 

under controlled conditions and in known geometries. Below follows a short introduction to the 

quantities and concepts defined for describing a photon radiation beam. 

The dose of radiation absorbed correlates directly with the energy of the beam. An accurate 

measurement of absorbed dose is critical in radiation treatment. The deposition of energy in tissues 

results in damage to DNA and diminishes or eradicates the cell’s ability to replicate indefinitely. 

In order to measure dose in a patient, one must first measure the ionization produced in air by a beam of 

radiation. This quantity is known as exposure. One can then correct for the presence of soft tissue in the 

air and calculate the absorbed dose in Gy. 

The dose absorbed by tissues due to these inters- actions can be measured and plotted to form a 

percentage depth dose curve. As energy increases, the penetrative ability of the beam increases and the 

skin dose decreases.    
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Chapter Three 

Materials and Methods 

In this study information about medical exposures in Sudan during diagnostic radiology, nuclear 

medicine and radiotherapy were collected as follows: 

3.1 Diagnostic Radiology 

Data of patient radiation dose were collected from peer – reviewed scientific published literatures. A 

number of 24 published papers on diagnostic x – ray examinations, performed in about 64 Sudanese 

hospitals, were summarized and reviewed. The papers were published during the years (2006 – 2015), 

covering different types of diagnostic exams. The numbers of studies found in each exam are presented 

in table (3.1). 

The effective dose was averaged for each type of exam in the different studies. When some authors were 

presenting the patient dose in other quantities rather than effective dose such as ESAK and KAP, 

suitable computer program (Hart D and et al, NRPB 1994) as well as conversion factors from the 

literatures, (EC, RP No 154, 2008) were applied to calculate the effective dose from ESAK and KAP, 

respectively. For pediatric the ESAK was not converted to effective dose 

3.2 Nuclear Medicine 

Questionnaires were distributed to collect data on nuclear medicine procedures from five hospitals 

representing the whole existing NM department in Sudan at the time of study. The hospitals included 

three public ones (Radiation and Isotope Centre Khartoum (RICK) (H1), National Cancer Institute NCI 

(H2), El Mac Nimr Hospital (H3) and two private hospitals (Royal Care International Hospital (H4), 

Nileen Medical Diagnostic Centre (H5). 

The collected data provided information on number of staff and devices, the annual frequencies of 

diagnostic and therapeutic procedures; the most used radiopharmaceutical isotopes in the different 

exams and the corresponding administered activity in Becquerel (Bq). The effective dose for each exam 

was calculated using the relevant conversion coefficients published by International Commission on 

Radiation Protection (ICRP 106, 2008). 
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The total population dose was obtained and expressed in terms of the annual collective effective dose 

(S), in the units of man Sv using the following equation: 

                                                               Population dose S = ∑ 𝑛𝑖 i x Ei                                        (3-1) 

Where: ni Number of procedures, and Ei Average effective dose for procedure 

Dose per caput was obtained by dividing the collective procedure dose by the population of Sudan. 
3.3 Radiotherapy 

Questionnaires were distributed to collect data on staff and devices, frequencies of external beam 

radiotherapy procedures and the corresponding beam energy in (MeV), prescribed dose in gray (Gy) and 

number of fractions for each type of therapeutic procedures performed in the two existing radiotherapy 

Sudanese hospitals (RICK  and NCI). 
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Table 3.1: Number of Papers in each Study 

Type of Exam No. of Papers 

Chest Exams 5 

Pelvis Exams 4 

Abdomen Exams 3 

Skull Exams 5 

Lumbar Spine Exams 4 

Limbs Exams 1 

Intravenous Urography 

(IVU) 

5 

Computed Tomography Urography 

(CTU) 

2 

Head CT 4 

Chest CT 3 

Abdominal CT 4 

Pelvis CT 1 

Barium Studies Investigations 2 

Special Care Baby Unit (SCBU) 1 

Micturating Cystourethrography 

(MCUG) 

2 

Mammography (Breast Test) 1 

Interventional Cardiology Procedures 2 

Hystrosalpingography Procedures 1 

Orthopedic Procedures 1 
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Chapter Four 

Results and Discussion 

In this study an evaluation of medical exposures including the annual frequency and type of procedure, 

number of staff and devices and radiation dose for each procedure had been assessed in Sudan. For 

diagnostic radiology only radiation dose was summarized. The main source of radiation dose in 

diagnostic radiology was the pre-reviewed scientific literatures. In nuclear medicine and radiotherapy 

data was obtained from surveys conducted in all hospitals. Summarized data for diagnostic radiology, 

nuclear medicine and radiotherapy are presented in Tables 4.1 to 4.26. The obtained patient radiation 

dose were compared with the worldwide patient doses published by UNSCEAR in 2008. 

4.1 Diagnostic Radiology 

4.1.1 Pediatric Patients 

Table 4.1 shows the Entrance Surface Air Kerma (ESAK) for pediatric diagnostic x-ray examinations in 

study performed in 3 x- ray rooms. The range of patients ages were between (0 – 15) years. The average 

ESAK for chest, abdomen, skull, pelvis and lumbar spine exams were 0.15, 0.35, 0.39, 0.29 and 0.51 

mGy, respectively. 

All values of ESAK in diagnostic exams are with the ranges of similar values published by UNSCEAR 

report in 2008 (Table 4.21) with exception to chest exam. 

In another study, authors had measured the radiation dose in the Special Care Baby Unit (SCBU), the 

ages ranged from (1-101) days with mean of 19.41 days. The mean value for ESAK was 0.08 mGy and 

the Effective Dose (ED) was 0.02 mSv. 

For pediatric x-ray fluoroscopy examinations the entrance surface air kerma and the effective dose to 

patient was obtained from three studies and presented in Table 4.2. For intravenous urography (IVU) 

exams, the data was taken from two studies. The average age for a total of 162 patients was 5.8 years. 

The average values for ESAK and ED were 8.65 mGy and 1.8 mSv, respectively.  

For micturating cystourethrography (MCU) exams, the average of the ESAK for 77 patients was 5.7 

mGy and the average ED was 0.71 mSv. For Barium studies, only one paper included 55 patients were 

found. The mean age was 3.23 years. The ESAK was 2.1 mGy and the ED was 0.3 mSv. 
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For pediatric CT scan exams, the patient dose was acquired from 3 studies and listed in Table 4.3. For 

head CT scan the average Computed Tomography Dose Index (CTDI), the average Dose Length 

Product (DLP) and the average effective dose for patients with ages between (0-10) years were 28.64 

mGy, 496.64 mGy.cm and 4.68 mSv respectively. For chest CT scan, the data was taken from one study 

in 8 CT rooms. The ages ranged between (6–10) years. The DLP was 178.19 mGy.cm and ED was 3.04 

mSv. The radiation dose during abdomen CT for patients with ages ranged between (0 – 10) years were 

11.07 mGy, 329.98 mGy.cm and of 6.13 mSv for CTDI, DLP and ED, respectively. 

For the pediatric data from CT exams, the values were within the ranges of similar world values 

published by UNSCEAR report in 2008 (Table 4.21). 

4.1.2 Adult Patients  

4.1.2.1 Diagnostic Medical Examinations 

Table 4.4 presents the Entrance Surface Air Kerma and Effective Dose to patients for diagnostic chest 

exams. The data was taken from three studies in 27 rooms. The average ESAK was 0.3 mGy and the 

average ED was 0.03 mSv. 

The entrance surface air kerma and the effective dose for diagnostic abdomen exams are shown in Table 

4.5. The patient dose was obtained from two studies included 14 rooms. The average ESAK was 2.41 

mGy and the average ED was 0.23 mSv. 

For diagnostic skull exams, the entrance surface air kerma and the effective dose values are shown in 

Table 4.6. The data was taken from 30 rooms. The average ESAK and ED were 1.47 mGy and 0.03 

mSv, respectively.  

The entrance surface air kerma and the effective dose to patients for diagnostic pelvis exams are 

summarized from 19 rooms and presented in Table 4.7. The average ESAK was 1.94 mGy and the 

average ED was 0.29 mSv. 

Table 4.8 presents the entrance surface air kerma and the effective dose for diagnostic lumbar spine 

exams in 40 rooms. The average ESAK and ED were 3.9 mGy and 0.12 mSv, consecutively. 

Table 4.9 shows the entrance surface air kerma for diagnostic limbs exams. The total number of patients 

was 51 in 8 rooms. For upper limbs, the mean ESAK was 0.3 mGy and for lower limbs, the mean ESAK 

was 0.4 mGy. 
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Table 4.10 presents the entrance surface air kerma and the effective dose to patients for diagnostic 

intravenous urography exams (IVU) in three studies. The average patient ages were 40.1 years. The 

average of ESAK and ED were 18.25 mGy and 1.54 mSv, respectively. 

For diagnostic fluoroscopy hystrosalpingography exams, the entrance surface air kerma and the effective 

dose are shown in Table 4.11. The total number of patients was 79 in 5 rooms and the mean of patient 

ages was 32 years. The ESAK was 23.16 mGy and ED was 2.76 mSv.  

The entrance surface air kerma and the effective dose for diagnostic fluoroscopy barium studies exams 

for total number of 38 patients are listed in Table 4.12. For barium/swallow, barium/meal and 

barium/enema, the mean patient ages were 28, 45.8 and 18.7 years, respectively. The mean ESAK were 

12.6, 44.5 and 35.7 mGy, and the mean ED were 0.2, 0.35 and 1.4 mSv for barium/swallow, 

barium/meal and barium/enema, respectively. 

Table 4.13 shows the entrance surface air kerma and the effective dose to patient for fluoroscopy 

dynamic hip screw (DHS) and dynamic cannula screw (DCS) in orthopedic procedures. For DHS, the 

mean ESAK was 0.46 mGy and the mean ED was 0.03 mSv. For DCS the mean ESAK was 0.07 mGy 

and mean ED was 0.01 mSv. 

For all the ED values in diagnostic exams, the values were within the ranges of similar values published 

by UNSCEAR in 2008 (Table 4.21), with exception to fluoroscopy hystrosalpingography. 

    4.1.2.2 Mammographic Examinations 

For mammography exams the Entrance Surface Air Kerma, the Mean Glandular Dose (MGD) and 

Effective Dose to patients are presented for 30 patients in table 4.14. The mean patient age were 47 

years ranged from 39 to 65 years. For craniocaudal (CC) the mean ESAK, MGD and ED were 4.6 mGy, 

1.1 mGy and 0.05 mSv, respectively. For mediolateral oblique (MLO) the mean ESAK, MGD and ED 

were 6.3 mGy, 1.5 mGy and 0.07 mSv, consecutively. 

For all the values of ED in mammography exams, the values were within the ranges of similar values 

published by UNSCEAR in 2008 (Table 4.21).  
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4.1.2.3 Computed Tomography Examinations 

Table 4.15 shows the Computed Tomography Dose Index, the Dose Length Product and Effective Dose 

to patients for CT urography examination. The total number of patients from two studies was 79 and the 

average patient age was 44.78 years. The average CTDI, DLP and ED were 4.58 mGy, 170.3 mGy.cm 

and 2.56 mSv, respectively. 

The computed tomography dose index, the dose length product and effective dose for Head CT exams 

are shown in Table 4.16. The average patients’ ages were 43.8 years. The averages of the CTDI was 

66.42 mGy, of the DLP was 879.13 mGy.cm and of the ED was 1.04 mSv. 

Table 4.17 presents the computed tomography dose index, the dose length product and effective dose to 

patient for abdomen CT exams. The data was obtained from two studies for a total number of 249 

patients with average age of 43.47 years. The CTDI, DLP and ED were 13.4 mGy, 530.39 mGy.cm and 

8.16 mSv, respectively. 

For chest CT exams the computed tomography dose index, the dose length product and effective dose 

are presented in Table 4.18. The data was taken from two studies for total number of 131 patients with 

average ages of 50.51 years. The average CTDI, DLP and ED were 13.7 mGy, 499.77 mGy.cm and 8.2 

mSv, consecutively. 

Table 4.19 shows the computed tomography dose index, the dose length product and effective dose to 

patient for pelvis CT Exam acquired from only one study performed in 3 rooms for 31 patients. The 

mean patient age was 46 years. The mean CTDI was 11.0 mGy, the mean DLP was 264 mGy.cm and 

the mean ED was 4.0 mSv. 

For all the values of ED in CT exams, the values were within the ranges of similar values published by 

UNSCEAR in 2008 (Table 4.21). 

4.1.2.4 Interventional Radiology Examinations 

The Air Kerma - Area Product (KAP) and the Fluoroscopy Time (T) for cardiac interventional 

examinations are listed in Table 4.20. The information was summarized from two studies for 514 

patients and presented as KAP values. The effective dose to patient was calculated by using conversion 

coefficients obtained from the European Guidance on Estimating Population Doses from Medical X-Ray 

Procedures (EC, RP No 154, 2008). For diagnostic exams, the average patient age was 55.65 years. The 
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average KAP and ED were 21.17 Gy.cm
2 

and 4.24 mSv, respectively. For therapeutic exams, the 

average age was 59.8 years. The average KAP and ED were 57.57 Gy.cm
2
 and 11.52 mSv, 

consecutively. 

For all the values of ED in diagnostic and therapeutic cardiac interventions exams, the values were 

within the worldwide ranges of similar values published by UNSCEAR in 2008 (Table 4.21). 

4.2 Nuclear Medicine  

For nuclear medicine procedures, the collected data was summarized and presented in tables 4.22 to 

4.26. The data included information on the staff and devices, annual frequencies and effective dose.  

4.2.1 Staff and Devices 

The first part of Table 4.22 shows the number of staff and devices in five nuclear medicine departments, 

representing the whole facilities those performing nuclear medicine procedures in Sudan. The total 

number of physicians, general practitioners, NM physicians and medical physicist were 5, 17, 13 and 20, 

respectively. The total number of Gamma Camera was 2 and SPECT was 6. The last column of Table 

4.22 shows the number of staff and devices per million populations. 

4.2.2 Frequency of Procedures 

Table 4.23 presents the annual number of nuclear medicine procedures performed in the five hospitals. 

The total number of procedures per year in diagnostic nuclear medicine for bone scan was 2219 exams, 

for thyroid scan was 3149 exams, for liver scan (HIDA) was 37 exams, for renal scan (DTPA) was 900 

exams, for renal scan (DMSA) was 21 exams, for cardiac scan was 44 exams, for para thyroid scan was 

3 exams, for lymph scan was 31 exams and for whole body scan was 2 exams. The total number of 

procedures per year in therapeutic nuclear medicine for thyroid cancer was 33 exams and for toxic goiter 

were 239 exams. 

4.2.3 Radiation Dose 

Table 4.24 shows the effective dose (ED) for diagnostic and therapeutic nuclear medicine exams. The 

values of the mSv/MBq conversion factor were taken from the (EC, RP No 180, 2014). The average ED 

for bone scan was 4.43 mSv, for thyroid scan was 1.83 mSv, for liver scan (HIDA) was 4.19 mSv, for 

Renal scan (DTPA) was 0.91 mSv, for (DMSA) scan was 1.63 mSv, for cardiac scan was 8.33 mSv, for 

Para thyroid scan was 6.66 mSv and for whole body  scan was 6.77 mSv. The collective dose was 
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obtained by multiplying the average ED for each exam by the number of procedures performed annually 

per 1000 population (Table 4.25). The effective dose per caput was also obtained by dividing the 

collective procedure dose by the population of Sudan for the same year (2015) and shown in the last 

column of Table 4.25. 

For diagnostic procedures in nuclear medicine in this survey, the total annual frequency of procedures 

was 0.2 per 1000 population, the total annual collective dose was 16.268 man Sv and the total annual per 

caput dose was 0.5 µSv. 

Figures 4.1 and 4.2 demonstrate the percentage of frequency and the percentage of collective doses from 

the whole nuclear medicine procedures. The thyroid scan was the most frequently performed procedure 

(50%), followed by bone scan (34.40%) and renal scan (DTPA) (14%). However the major contribution 

to the total collective dose was from bone scan procedures (57.68 %) followed by thyroid scan (34.51 

%).  

The total annual frequency of nuclear medicine therapeutic treatments procedures was 0.009 per 1000 

population. This value is less than the value which was presented by UNSEAR for the health care level I 

(0.47), but greater than the value presented for health care level III-IV (0.0043).    
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Fig.4.1 Annual Frequency of Diagnostic Nuclear Medicine Procedures in Sudan 

 

 

Fig. 4.2 Annual Collective Dose of Diagnostic Nuclear Medicine Procedures in Sudan 
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4.3 Radiotherapy 

4.3.1 Staff and Devices 

For radiotherapy departments, the second part of Table 4.22 show that the total number of general 

practitioners, radiation oncologist, technologist and medical physicist were 4, 14, 51 and 13, 

respectively. The total number of Co-60, Linear Accelerator, HDR and stimulator were 5, 3, 2 and 1, 

consecutively. The last column of Table 4.20 shows the number of staff and devices per million 

populations.  

4.3.2 Frequency of Procedures 

For radiotherapy external beam, the total number of procedures per year for breast cancer was 1278 

exams, for hypo pharyngeal was 23 exams, for laryngeal was 80 exams, for esophageal was 235 exams, 

for thyroid cancer was 20 exams, for prostate cancer was 316 exams, for cervix cancer was 193 exams, 

for soft tissue sarcoma was 36 exams, for renal cell carcinoma was 12 exams, for colorectal was 28 

exams, for ovary cancer was 62 exams, for bladder cancer was 208 exams, for nasopharyngeal was 263 

exams, for brain cancer was 73 exams, for rectum cancer was 84 exams, for M.M(maxilla) was 123 

exams (Table 4.23).  

The total annual frequency of radiotherapy treatments procedures was 0.1 per 1000 population. This 

value is similar to the value for health care level III and lower than the value which were presented by 

UNSEAR for the worldwide (0.73).    

4.3.3 Prescribed Dose  

Table 4.26 presents the prescribed doses in (Gy) and number of fractions for different  types of diseases 

in the two hospitals. The treatment protocols in term of the prescribed dose and the number of fractions 

were comparable between the two hospitals. 

The minimum prescribed dose was 20 Gy with 5 fractions for nasopharyngeal (NPH) palliative in 

hospital (1) and the maximum prescribed dose was 64 Gy with 32 fractions for prostate cancer in 

hospital (2).  

 

 



37 
 

Table 4.1: Entrance Surface Air Kerma (ESAK) for Pediatric Diagnostic Exams  

  

Exam No of 

Rooms 

Patients ESAK (mGy)  

ED (mSv) 

 

Reference 
No. Age 

(Year) 

Mean Median 

Chest AP 

 

3 

 

0 0.08   I. I. Suliman.et al, 

2008. 

 
Chest AP 3 

 

1 0.10   

Chest LAT 3 

 

1 0.12   

Chest AP 3 

 

5 0.18   

Chest PA 3 

 

5 0.11   

Chest LAT 3 

 

5 0.13   

Chest PA 3 

 

10 0.17   

Chest PA 3 

 

15 0.27   

Average  

 

 0.15   
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Abdomen 

AP 

3 

 

0 0.16   I. I. Suliman.et al, 

2008.  

 
Abdomen 

AP 

3 

 

1 0.21   

Abdomen 

AP 

3 

 

5 0.39   

Abdomen 

AP 

3 

 

10 0.43   

Abdomen 

AP 

3 

 

15 0.56   

Average  

 

 0.35   

Skull AP 3 

 

0 0.13   I. I. Suliman.et al, 

2008.  

 

  Skull AP 3 

 

1 0.17   

Skull AP 3 

 

5 0.32   

Skull LAT 3 

 

5 0.45   

Skull AP 3 

 

10 0.48   

Skull LAT 3 

 

10 0.57   

Skull AP 3 

 

15 0.64   

Average  

 

 0.39   
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Pelvis  AP 3 

 

0 0.22   I. I. Suliman.et al, 

2008.  

 
Pelvis  AP 3 

 

1 0.23   

Pelvis  AP 3 

 

5 0.31   

Pelvis  AP 3 

 

10 0.39   

Pelvis  AP 3 

 

15 0.32   

Average  

 

 0.29   

L /S  AP 3 

 

1 0.34   I. I. Suliman.et al, 

2008.  

 
L /S  AP 3 

 

5 0.51   

L /S  AP 3 

 

10 0.67   

Average  

 

 0.51   

Special 

Care Baby 

Unit 

(SCBU) 

 

135 

19.41±13 

(1-101) 

(days) 

0.08±0.02 

0.04–0.11 
 0.02 

(0.01–0.3) 

K.Alzimami. et 

al, 2014. 
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Table 4.2: Entrance Surface Air Kerma (ESAK) and Effective Dose to Patients (ED) for Pediatric 

Fluoroscopy Diagnostic Exams 

 

 

 

 

 

 

 

 

  

Exam No of 

Rooms 

Patients ESAK (mGy) ED (mSv)     Reference 

No. Age 

(Year) 

Mean Median 

IVU  21 6.0±4.4 

(0.6-13.8) 

4.9±2.1 

(2.4–10.4) 

 1.0 Badreldin M.A 

Elhag.et al, 2012. 

IVU  141 5.61 

(2.1-10.0) 

12.4±8 5.3 2.6 A.Sulieman. et al, 

2014. 

Average   5.81 8.65  1.8 

MCU  44 4.52 

(0.14-10) 

5.8±3.2 4.8 1.2 A.Sulieman. et al, 

2014.  

MCU  33  5.51 

(0.39–16.12) 

4.75 0.22 A.Sulieman. et al, 

2010. 

Average    5.66  0.71 

Barium 

studies 

 51 3.23 

(0.24-9.6) 

2.1±2 1.8 0.3 A.Sulieman. et al, 

2014.  
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Table 4.3: Computed Tomography Dose Index (CTDI), Dose Length Product (DLP) and Effective 

Dose (ED) for Pediatric CT scan Exams 

  

Exam 

 

No. of 

Rooms 

Patients CTDIvol 

(mGy) 

DLP 

(mGy.cm) 

ED 

(mSv) 

Reference 

No Age 

(year) 

Head CT 

 

  5.10±4.18 

(0.01-13) 

43.67±26.01 

(15.41-69.12) 

733.33±432.9 

(297–1244) 

0.31 

(0.49-0.11) 

JumaaYousif 

Tamboul.et 

al, 2014. 

Head CT  12 

 

22 

 

15 

0–1 

 

19.1±8.3 

(12.0-33.2) 

265±76 

(181-383) 

3.05±0.53 

(2.65-3.82) 

I.I Suliman.et 

al, 2014. 

 

 

 

1–5 

 

22.5±11.4 

(11.9-44.6) 

305±122 

(155-523) 

1.06±0.32 

5–10 29.3±15.1 

(20.7-51.9) 

407±115 

(304-572) 

1.23±0.37 

(0.67-1.64) 

Head CT 8 l 

 

 

6–10  772.88 17.75 A.Sulieman, 

2015. Average   28.64 496.64 4.68 

Abdomen 

CT 

8 6–10  446.9 6.7 

Abdomen 

CT 

 27 

 

0–1 8.8±1.4 

(7.9-10.4) 

242±81 

(187-335) 

7.73±1.54 
(6.70-9.50) 

I.I Suliman.et 

al, 2014. 

 34 

 

1–5 

 

12.6±1.3 

(10.5-13.6) 

317±78 

(196-393) 

5.08±1.79 
(3.20-7.80) 

22 5–10 11.8±3.7 

(5.6-15.3) 

314±123 

(154-340) 

5.00±2.27 

(2.51-6.0) 

Average    11.07 329.98 6.13 
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Table 4.4: Entrance Surface Air Kerma (ESAK) and Effective Dose to Patients (ED) for Diagnostic 

Chest Exams 

 

Exam 

No. of 

Rooms 

Patients ESAK (mGy) ED 

(mSv) 

 

 

Reference No. Age 

(Year) 

Mean Median 

Chest PA 4 56  0.25±0.04 

(0.36–0.14) 

 0.021 A.Sulieman.et 

al, 2010. 

Chest PA 8 134 41 

(16-90) 

0.24±0.11 0.23 0.021 I.I.Suliman.et 

al, 2007. 

Chest PA 
8   0.34  0.031 N.A.Ahmed.et  

al , 2009. 

Chest PA 
7 42  0.36±0.21 

(0.07–1.05) 

 0.035 I.I Suliman.et 

al, 2014. 

Average     0.3     0.03  

 

Table 4.5: Entrance Surface Air Kerma (ESAK) and Effective Dose (ED) for Diagnostic Abdomen 

Exams 

 

Exam 

No. of 

Rooms 

Patients ESAK (mGy) ED 

(mSv) 

 

 

Reference 
No. Age 

(Year) 

Mean Median 

Abdomen 7   2.07  0.24 N.A.Ahmed.et  

al, 2009. 

Abdomen AP 7 45  2.75±1.67 

(0.4–8.2) 

 0.22 I.I Suliman.et 

al, 2014. 

Average    2.41  0.23  
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Table 4.6: Entrance Surface Air Kerma (ESAK) and Effective Dose (ED) for Diagnostic Skull 

Exams 

Exam No. of 

Rooms 

Patients ESAK (mGy) ED      

(mSv) 

Reference 

No. Ages 

(Year) 

Mean Median 

Skull 4 1  0.55  0.004 A.Sulieman.et al, 

2010. 

Skull 8   1.54  0.02 N.A.Ahmed.et  al, 

2009. 

Skull AP/PA 2 

 

27 

 

29 

(17-45) 

1.41±0.68 

 

1.42 

 

0.01 

 

I.I.Suliman.et al, 

2007. 

Skull AP/PA 7 42  2.44±2.27 

(0.29–7.22) 

 0.02 I.I Suliman.et al, 

2014. 

 

Average     1.49  0.014  

Skull LAT 2 26 29 

(17-45) 

0.99±0.4 1.1 0.08 I.I.Suliman.et al, 

2007. 

Skull LAT 7 45  1.87±1.92 

(0.19–6.10) 

 0.02 I.I Suliman.et al, 

2014. 

 
Average    1.43  0.05  
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Table 4.7: Entrance Surface Air Kerma (ESAK) and Effective Dose (ED) for Diagnostic Pelvis 

Exams 

Exam No. of 

Rooms 

Patients ESAK (mGy) ED      

(mSv) 

Reference 

No. Ages 

(Year) 

Mean Median 

Pelvis AP 4 43 35 

(24-72) 

1.55±0.69 1.40 0.22 I.I.Suliman.et al, 

2006. 

Pelvis 8   1.78  0.26 N.A.Ahmed.et  al, 

2009. 

Pelvis AP 7 43  2.50±1.8 

(0.40–7.8) 

 0.38 I.I Suliman.et al, 

2014.  

Average    1.94 

 

0.29  
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Table 4.8: Entrance Surface Air Kerma (ESAK) and Effective Dose (ED) for Diagnostic Lumbar 

Spine Exams 

Exam No. of 

Rooms 

Patients ESAK (mGy) ED (mSv) Reference 

No. Ages 

(Year) 

Mean Median 

L/Spins AP 5 

 

58 

 

38 

16-70 

2.06±0.97 

 

1.83 

 

0.2 

 

I.I.Suliman.et al, 

2007. 

L/Spine AP 8   2.08  0.22 N.A.Ahmed. et  al, 

2009. 

L/Spine AP 7 45  3.0±1.88 

(0.48–8.2) 

 0.05 I.I Suliman.et al, 

2014. 

average    2.38 

 

0.16  

L/Spine LAT 5 58 38 

(16-70) 

5.2±3.65 4.34 0.09 I.I.Suliman.et al, 

2007. 

L/Spine LAT 8   4.42  0.06 N.A.Ahmed. et  al, 

2009. 

L/Spine LAT 
7 45  6.57±4.24 

(1.84–20.3) 

 0.12 I.I Suliman.et al, 

2014. 

Average 

   

5.40 

 

0.09 

 
 

Table 4.9: Entrance Surface Air Kerma (ESAK) and Effective Dose (ED) for Diagnostic Limbs 

Exams 

Exam No. of 

Rooms 

Patients ESAK (mGy) ED (mSv) Reference 

No. Ages 

(Year) 

Mean Median 

Upper limbs 

Lower limbs 

4 

 

4 

29 

 

22 

 

 

 

 

0.3 

 

0.4 

 
 
 

 
 
 

A.Sulieman.et al, 

2010. 

Average    0.35    
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Table 4.10: Entrance Surface Air Kerma (ESAK) and Effective Dose (ED) for Diagnostic 

Intravenous Urography Exams 

Exam No. of 

Rooms 

Patients ESAK (mGy) ED (mSv) Reference 

No. Ages 

(Year) 

Mean Median 

IVU  64 35±17.7 

(11-70) 

21.62±5.85 

(16.44–29.0) 

 1.79±0.48 

(0.86–2.40) 

K.Alzimami .et 

al, 2014. 

IVU 6 72 42.2 11.22±3.45 

(6.56–15.32) 

 1.03±0.37 

(0.7–1.55) 

I.I.Suliman. et 

al, 2014. 

IVU  20 43.1±19.5 

22–78 

21.90±2.46 

(27.55-16.34) 

 1.81±0.20 

(2.28-1.35) 

Y.Hamza.et al, 

2015. 

Average   40.1 18.25 

 

1.54  
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Table 4.11: Entrance Surface Air Kerma (ESAK) and Effective Dose (ED) for Diagnostic 

Fluoroscopy Hystrosalpingography Exams 

Exam No. of 

Rooms 

Patients ESAK (mGy) ED (mSv) Reference 

No. Ages 

(Year) 

Mean Median 

Hystrosalpingo

graphy 

5 79 32 23.16 – 2.76 K.Alzimami. et 

al, 2015. 

 

Table 4.12: Entrance Surface Air Kerma (ESAK) and Effective Dose (ED) for Diagnostic 

Fluoroscopy Barium Studies Exams 

Exam No. of 

Rooms 

Patients ESAK (mGy) ED (mSv) Reference 

No. Ages 

(Year) 

Mean Median 

B/ Swallow  14 28±4 12.6±10 10.7 0.2 A.Sulieman. et al, 

2011. 
B/ Meal  11 45.8±4 44.5±49 24.9 0.35 

B/ Enema  13 18.7±3 35.7±50 

 

13.2 1.4 

 

Table 4.13: Entrance Surface Air Kerma (ESAK) and Effective Dose (ED) for Fluoroscopy 

Dynamic Hip Screw and Dynamic Cannula Screw in Orthopedic Procedures  

Exam No. of 

Rooms 

Patients ESAK (mGy) ED (mSv) Reference 

No. Ages 

(Year) 

Mean Median 

DHS  

 

  

 

0.46 

(0.18–2.8) 

 

 
0.03 

(0.01–0.18) 

A.Sulieman.et al, 

2015. 

DCS   

 

 

 0.07 

(0.03–0.8) 

 0.01 

(0.002-0.05) 
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Table 4.14: Entrance Surface Air Kerma (ESAK) , Mean Glandular Dose (MGD) and Effective 

Dose (ED) for Mammography Exams 

Exam No. of 

Rooms 

Patients ESAK 

(mGy) 

MGD 

(mGy) 

ED 

(mSv) 

Reference 

No. Ages 

(Year) 

Craniocaudal 

(CC) 

 

Mediolateral 

oblique(MLO) 

 

 

30 

 

47 

39-65 

 

 

 

 

4.6±1.2 

(2–6) 

 

6.3±1.8 

(2.5–9.7) 

1.1±0.3 

(0.5–1.4) 

 

1.5±0.4 

(0.6–2.3) 

0.05±0.02 

(0.01–0.08) 

 

0.07±0.02 

(0.02–0.1) 

Hifaa.Mohamed 

Khair. et al, 

2012. 
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Table 4.15: Computed Tomography Dose Index (CTDI), Dose Length Product (DLP) and 

Effective Dose (ED) for CT Urography Exams 

Exam No. of 

Rooms 

Patients CTDIvol 

(mGy) 

DLP 

(mGy.cm) 

ED 

(mSv) 

Reference 

No. Ages 

(Year) 

CTU  77 46.46±15.22 

(20-75) 

4.75±1.5 

(10.95-25.1) 

172±61.04 

(85.0-425.0) 

2.58±0.91 

(1.29-6.37) 

K.Alzimami .et 

al, 2014.  

CTU  20 43.1±19.5 

(20-79) 

4.4±1.5 

(1.3–6.1) 

168.6±62 

(32–251) 

2.53±0.94 

(0.48-3.77) 

Y.Hamza.et al, 

2015. 

Average   44.78 4.58 170.3 2.56  
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Table 4.16: Computed Tomography Dose Index (CTDI), Dose Length Product (DLP) and 

Effective Dose (ED) for Head CT Exams 

Exam 

 

No. of 

Rooms 

Patients CTDIvol 

(mGy) 

DLP 

(mGy.cm) 

ED 

(mSv) 

Reference 

No. Ages 

(Year) 

Head CT 9 167 46.8 65.4 758 1.6 I.I.Suliman. et 

al , 2011. 

Head CT   40.80±17.33 

(17.0–81.0) 

 

67.43±1.8 

(63-69.12) 

1000.25±204.9 

(323-1419) 
0.48 

(0.49-0.44) 

JumaaYousif 

Tamboul.et al, 

2014.  

Average   43.8 66.42 879.13 1.04  

 

Table 4.17: Computed Tomography Dose Index (CTDI), Dose Length Product (DLP) and 

Effective Dose (ED) for Abdomen CT Exams 

Exam 

 

No. of 

Rooms 

Patients CTDIvol 

(mGy) 

DLP 

(mGy.cm) 

ED 

(mSv) 

Reference 

No. Ages 

(Year) 

Abdomen CT 9 166 44.4 11.6 437 6.6 I.I.Suliman. et 

al , 2011. 

Abdominal CT 

control group 

 

 

 

53 

 

 

41 

 

 

18.87 

(3.69-70.43) 

 

865.26 

(150-3215) 

 

13.58 

(2.53-45.52) 

 

A.M.Elnour. 

et al, 2011. 

Abdominal CT 

optimized 

group 

 30 45 9.73 

(1.3-6.3) 

288.9 

(81-445) 

4.3 

(1.3-5.88) 

Average   43.47 13.4 530.39 8.16  
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Table 4.18: Computed Tomography Dose Index (CTDI), Dose Length Product (DLP) and 

Effective Dose (ED) for Chest CT Exam 

Exam 

 

No. of 

Rooms 

Patients CTDIvol 

(mGy) 

DLP 

(mGy.cm) 

ED 

(mSv) 

Reference 

No. Ages 

(Year) 

Chest CT 8 81 46.9 11.5 327 4.6 I.I.Suliman. et 

al, 2011.  

Chest CT 

control group 

 

 

 

 

38 

 

 

50.21 

(15–77) 

 

21.2 

(8.20-120.0) 

832.7 

(209-1860) 

 

14.2 

(3.6-31.6) 

 

A.Sulieman. 

et al, 2015. 

Chest CT 

optimized group 

 12 54.42 

(29–75) 

8.3 

(8.6–8.2) 

339.6 

(209-374) 

5.8 

(3.5–6.3) 

Average   50.51 13.7 499.77 8.2  

 

Table 4.19: Computed Tomography Dose Index (CTDI), Dose Length Product (DLP) and 

Effective Dose (ED) for Pelvis CT Exam 

Exam 

 
No. of 

Rooms 

Patients CTDIvol 

(mGy) 

DLP 

(mGy.cm) 

ED 

(mSv) 

Reference 

No. Ages 

(Year) 

Pelvis CT 3 31 46 11.0 264 4.0 I.I.Suliman. et 

al, 2011. 
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Table 4.20: Dose Area Product (DAP), Cumulative Dose (CD), Fluoroscopy Time (T) and Effective 

Dose for Cardiac Interventional Exams  

Exams ED 

(mSv) 

Patients KAP 

(Gy.cm
2
) 

ESAK 

(mGy) 

CD 

(mGy) 

T 

(min) 

Reference 

No. Ages 

(Year) 

Diagnostic 4.47 51 55.3 

(37-75) 

22.33 

(10.24-38.05) 

233.7 

(88.2-488.5) 

 3.4 

(1.2-7.5) 

A.Sulieman. 

et al, 2014. 

(CA)      

Diagnostic 

4 382 56±12 

(15-85) 

20±13 

(3-81) 
MDN=17.88 

– 143.7±88 
(22.6-576.7) 
MDN=120.5 

5.2±5.8 
(0.16-35.16) 

MDN=3.39 

Nada 

A.Ahmed. 

et al, 2013. 

Average  4.24        

Therapeuti

c 

11.73 35 58.6 

(47-70) 

58.63 
(383.34-38.33) 

648.9 
(346.1-1159.0) 

 9.9 

(8.0-23.0) 

A.Sulieman. 

et al, 2014. 

 

(PTCA) 

Therapeutic 

11.3 46 61±11.8 

(40-100) 

56.5±40 

(9.5-210.6) 
MDN=50.3 

– 418.4±289.3 

(39.9-1408.3) 

MDN=371.4 

17.6±13.3 

(2.4-55.2) 

MDN=14.8 

Nada 

A.Ahmed. 

et al, 2013. 

Average  11.52        
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Table 4.21: Effective Dose to Patient (ED) in Sudan and UNSCEAR Values 

Diagnostic 

Radiology(Pediatric) 

Exam ED (mSv) 

         (Sudan) 

ED (mSv) 

 (UNSCEAR, 2008) 

Chest* 0.15 0.06 – 0.11 

Abdomen* 0.35 0.11 – 2.01 

Skull * 0.39 0.34 – 1.25 

Pelvis* 0.29 0.17 – 1.3 

Lumbar Spine* 0.51  

(SCBU) 0.02  

intravenous urography 

(IVU) 

1.8  

micturating 

cystourethrography 

(MCU) 

0.71  

Barium studies 0.3  

Computed 

Tomography (CT) 

(Pediatric) 

Head CT 4.68 2.8 – 6.0  

Chest CT 3.04 3.1 – 3.9 

Abdomen CT 6.13 5.3 – 14.1 

Diagnostic 

Radiology(Adult) 

Chest PA 0.03 0.02 – 0.14 

Abdomen 0.23 0.31 – 3.62 

Skull AP/PA 0.01 0.01 – 0.40 

Pelvis 0.29 0.20 – 2.23 

Lumbar spine AP 0.16 0.27 – 2.10 

Lumbar spine LAT 0.09 0.28 – 3.30 

Limbs* 0.35 0.01 – 4.5 

Intravenous Urography 1.54 2.4 – 3.0 

Fluoroscopy 

Hystrosalpingography 

 

2.76 

 

1.2 

Fluoroscopy Barium 

studies: 

Barium/swallow 

 

 

0.2 

 

 

1.5 

Barium/meal 0.35 2.6 

Barium/enema 1.4 7.2 – 8.00 

Fluoroscopy Dynamic 

Hip Screw (DHS) 

0.03 

 

0.18 – 0.7 

Dynamic Cannula 

Screw(DCS) 

0.01  
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*ESAK 

Mammography Craniocaudal 0.05 0.05 – 1.20 

Mediolateral oblique 0.07 

Computed 

Tomography (CT) 

(Adult) 

 

 

 

CT Urography (CTU) 2.56  

Head CT 1.04 0.83 – 7.8 

Abdomen CT 8.16 3.73 – 20 

Chest CT 8.2 1.72 – 11.5 

Pelvis CT 4.0 6.98 – 9.29 

Interventional 

Radiology 

Cardiac Interventional: 

Diagnostic 

 

4.24 

 

2.1 – 15.8 

Therapeutic 11.52 5.67 – 19.00 
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 Table 4.22: Staff and Devices for Nuclear Medicine and Radiotherapy in the Different Hospitals (H) 

 

 

 

 

 

 

 

 

 
Staff 

 H1 H2 H3 H4 H5 Total Total number per million 

population 

Nuclear Medicine 

Physicians 

 

 

 

 

 

2 

 

 

1 

 

2 

 

5 
 

0.17 

General   

Practitioners 

10  7   17 0.57 

NM Physicians 

 

5 1 1 4 2 13 0.43 

Medical Physicist 

 

9 4 3 2 2 20 0.67 

Radiotherapy 
Physicians 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.0 

 

General 

Practitioners 

 

 4    4 0.13 

Radiation 

Oncologist 

 

10 4    14 0.47 

Technologist 

 

39 12    51 1.7 

Medical Physicist 

 

9 4    13 0.43 
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Devices 

 H1 H2 H3 H4 H5 Total Total number per million 

population 
Nuclear Medicine 

Gamma Camera 

 

 

 

 

1 

 

1 

 

 

 

 

 

2 

 

0.07 

SPECT 

 

2 1 1 1 1 6 0.2 

SPECT CT 

 

      0.0 

Radiotherapy 

Co–60 

 

 

3 

 

2 

 

 

 

 

 

 

 

5 

 

0.17 

Linear Accelerator 

 

2 1    3 0.1 

HDR 

 

1 1    2 0.07 

Stimulator 

 

1     1 0.03 

Imaging Systems : 

CT 

 

 

1 

 

 

 

 

 

 

 

 

 

1 

 

0.03 

MRI 

 

      0.0 

CBCT 

 

  

 

    0.0 
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Table 4.23: Frequency of Procedures for Diagnostic and Therapeutic Nuclear Medicine and Radiotherapy in 

the Different Hospitals (H) 

 

 

 

 

 

 

 

 

 

 

N. Medicine 

Diagnostic 

Exam No. of procedures per year  

Adult (100%) 

 

H1 H2 H3 H4 H5 

Bone scan 615 

98.05% 

502 

92.03% 

51 

100% 

241 

90.04% 

810 

97.04% 

Thyroid scan 

 

999 

93.99% 

782 

98.98% 

20 

95% 

246 

99.19% 

1102 

99.82% 

Liver scan 

HIDA 

22 

100% 

  8 

– 

7 

– 

Renal scan 

DTPA 

139 

82.73% 

85 

91.77% 

31 

83.9% 

53 

90.57% 

592 

99.16% 

Renal scan 

DMSA 

   14 

14.29% 

7 

– 

Cardiac scan 

 

   1 

100% 

43 

100% 

Para thyroid    3 

100% 

 

Lymph    26 

96.15% 

5 

80% 

Whole body I 

scan 

   2 

100% 
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N. Medicine 

Therapeutic 
Thyroid 

cancer 

33 

100% 

    

Toxic goiter 61 

100% 

 

 

 

 

 82 

100% 

96 

100% 

 

 

 

 

 

 

 

 

 

 

Radiotherapy  
External       

Beam 

 

 

Breast 1050 

100% 
228 

98.68% 
   

Hypo 

pharyngeal 

 23 

95.65% 
   

Laryngeal 64 

100% 

16 

100% 
   

Esophageal 150 

100% 

85 

98.82% 
   

Thyroid   20 

100% 
   

Prostate 211 

100% 

105 

100% 
   

Cervix 147 

100% 

46 

100% 
   

Soft Tissue 

sarcoma 

 36 

86.1% 
   

Renal Cell 

Carcinoma 

 12 

100% 
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 Colorectal   28 

82.14% 
   

Ovary   62 

93.55% 
   

Bladder 194 

100% 

14 

100% 
   

Nasophary- 

ngeal 

231 

100% 

32 

87.5% 
   

Brain 64 

100% 

9 

100% 
   

Rectum  84 

100% 

    

M.M(maxilla) 123 

100% 
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Table 4.24 Mean Activity, Effective Dose and Variation for the most used Radiopharmaceuticals in Nuclear 

Medicine in the Different Hospitals (H) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Diagnostic 

 

Exam 

Radionuclide 

Most used radiopharmaceuticals 

Ratio% 

Mean activity (mCi) 

Effective Dose (mSv) 

Variation(mCi) 

(Min-Max) 

H1 H2 H3 H4 H5 H1 H2 H3 H4 H5 H1 H2 H3 H4 H5 

Bone scan 

 

99m
Tc 

MDP 

100% 

99m
Tc 

MDP 

100% 

99m
Tc 

MDP 

100% 

99m
Tc 

MDP 

100% 

99m
Tc 

MDP 

100% 

20 

4.22 

 

25 

5.27 

20 

4.22 

20 

4.22 

20 

4.22 

15-25 20-30  12-20 12-20 

Thyroid (
99m

Tc 

-O4) 

100% 

(
99m

Tc 

-O4) 

100%
 

(
99m

Tc 

-O4) 

100%
 

(
99m

Tc 

-O4) 

100%
 

(
99m

Tc 

-O4) 

100%
 

4 

1.92 

2 

0.96 

5 

2.41 

4 

1.92 

4 

1.92 

2-6 1-3  3-5 3-5 

Liver scan 

HIDA 

99m
Tc 

HIDA 

100% 

  
99m

Tc 

HIDA 

100% 

99m
Tc 

HIDA 

100%
 

10 

6.29 

 

  5 

3.15 

 

5 

3.15 

5-10   3-5 3-5 

Renal scan 

DTPA 

99m
Tc 

DTPA 

100% 

99m
Tc 

DTPA 

100% 

99m
Tc 

DTPA 

100%
 

99m
Tc 

DTPA 

100%
 

99m
Tc 

DTPA 

100%
 

5 

0.91 

5 

0.91 

5 

0.91 

5 

0.91 

5 

0.91 

3-5 3-7  4-5 4-5 

Renal scan 

DMSA 

  
99m

Tc 
DMSA 

100% 

99m
Tc 

DMSA 

100% 

99m
Tc 

DMSA 

100%
 

  5 

1.63 

5 

1.63 

5 

1.63 

   3.5-5 3.5-5 

Cardiac scan 

 

   
99m

Tc 

MIBI 

100%
 

99m
Tc 

MIBI 

100%
 

   25 

8.33 

25 

8.33 

   15-25 15-25 

Para thyroid    
99m

Tc 

MIBI 

100% 

    20 

6.66 
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 Lymph 

 

   
99m

Tc 
NANO 

COLLID 

100% 

99m
Tc 

NANO 

COLLID 

100%
 

   2 

 

2 

 

   1.5-2 1.5-2 

Whole body 

I scan 

   
131

I 

100% 

    3 

6.77 

      

Therapeutic Thyroid 

cancer 

131
I 

100% 

 
131

I 

100% 

  100 
225.7 

 100 
225.7 

  (100-

200) 

 (100-

200) 

  

Toxic -

goiter 

131
I
 

100% 

 
131

I 

100%
 

131
I 

 100% 

131
I 

100% 

25 
56.43 

 30 
67.71 

20 
45.14 

20 
45.14 

10-30  10-30 10-30 10-30 



62 
 

Table 4.25: Annual Collective Dose and Dose per Caput for Nuclear Medicine Exams 

Exam Average dose  

(mSv) 

Frequency 
(Per 1000 population) 

Annual collective 

dose (man Sv) 

Annual per caput   

dose (µSv) 

Bone scan 4.43 0.07 9.383 0.313 

Thyroid scan 

 

1.83 0.10 5.614 0.187 

Liver scan 

HIDA 

4.19 0.001 0.092 0.003 

Renal scan 

DTPA 

0.91 0.03 0.775 0.026 

Renal scan 

DMSA 

1.63 0.0001 0.003 0.0001 

Cardiac scan 

 

8.33 0.002 0.367 0.012 

Para thyroid 6.66 0.0001 0.020 0.0007 

Lymph  0.001   

Whole body I scan 6.77 0.0001 0.014 0.0005 

Thyroid cancer 225.7 0.0011   

Toxic goiter 53.60 0.0080   

Total diagnostic   0.2043 16.268 0.5423 
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Table 4.26:  Prescribed Dose and Number of Fractions for External Beam Radiotherapy in the Different 

Hospitals (H) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Disease 

Beam  Energy  

(Mev) 

Prescribed dose 

(Gy) 

No. of fractions 

H1 H2 

 

H1 H2 H1 H2 

Breast 1.25 1.25 40 40 – 50 15 15 

Hypo pharyngeal  1.25  44–20  22–10 

Laryngeal 1.25 1.25 55 40–20 20 20–10 

Esophagus 1.25 1.25 45–50 40 25 20 

Thyroid  1.25  50  25 

Prostate 1.25 1.25 55 64 25 32 

Cervix 6 1.25 50–55 50 20–25 25 

Soft Tissue sarcoma  1.25  60  30 

Renal Cell Carcinoma  1.25  46  23 

Colorectal  1.25  50  25 

Ovary  1.25  50  25 

Bladder 6 1.25 55 50 22 25 

Nasopharyngeal (NPH) 1.25 1.25 40 44–22 20 22–11 

NPH (Palliative) 1.25  20–30  5–10  

Brain 6 1.25 44 50 20 25 

M.M (maxilla) 6  50  20  

Rectum 6  45  25  
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Chapter Five 

Conclusion 

This study was initiated with the aim of estimating frequencies and patient dose in medical exposures. In 

diagnostic radiology the effective dose was estimated from published papers. The frequency of 

procedures and collective dose were not obtained due to the lack of information on annual number of 

diagnostic procedures in the country. 

The estimated values of the total annual collective dose and per caput dose in nuclear medicine where 

less than the estimated world dose values reported by UNSCEAR in 2008. 

It is recommended to expand the survey to include frequencies of procedures in diagnostic radiology and 

to calculate the collective and annual per caput dose. 
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