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Abstract 

 

Study was performed to evaluate radiation dose for pediatric patients undergoing chest 

X-ray examination in selected general radiography hospitals in Khartoum state in seven 

X ray machines. X-ray tube output measurements were made in the range of typical 

exposure parameters using calibrated dose rate meter. To estimate entrance surface air 

kerma(ESAK), the radiographer in charge of the facility was asked to provide typical 

exposure parameters (kV, mAs and FSD) for each age category (newborn(1-30 days), 

1, 5. 10 and 15 years). ESAK was estimated using the X-ray tube output measurements 

and the recorded exposure parameters. The obtained mean ESAK range from /27 to 57/ 

µGy, /25 - 103/ µGy, /45 – 128/ µGy, /47-139/ µGy and from /68- 299/ µGy for 

newborn, 1,5,10, and 15 years patients, respectively.  The estimated ESAK were within 

the established international reference dose values and also the values obtained in 

previous studies. However, variations were observed in ESAK values among hospitals 

under study which could be due to the differences in exposure parameters used. Also 

tube output has some difference on the obtained ESAK.  
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 ملخص الدراسه

 

فٙ ْذِ انذراسة جى حساب اندزعة انسطحٛة الطفال جهقٕا اخحبارات جشخٛصٛة نهصذرباسحخذاو خٓاس االشعّ انسُّٛٛ  

فٙ سث يسحشفٛات بٕالٚة انخزطٕو بانسٕداٌ انحذٚث فٙ سبعة اخٓشِ اشعّ  سُٛٙ 

(Shimazdu(5machines),Toshiba,micromedical .) اندٓذ ٔيعزٔب )جى جسدٛم عٕايم انحعزٚط

سُّ فٙ كم يسحشفٙ جى قٛاص   15نالعًار يٍ عًز ٕٚو نعًز ( ٔانًسافّ يٍ اندٓاس نهسطح  انحٛارفٗ انثاَٛة

ثى رسًث عالقّ بٍٛ اندٓذ ظذ ,(   Unfors xi0)اندزعات األشعاعٛة نًعايالت يحذدِ بإسحخذاو خٓاس اندزعات

ٔجى حساب اندزعّ انسطحّٛ نكم عًز يٍ االعًار بكم  Excelفٙ بزَايح  ( انثاجّٛ يعزٔب انحٛارفٙ/اندزعّ

 /128-45/, ياٚكزٔقزا٘ /103-25/, قزا٘ياٚكزٔ /57-27/ :ٔٔخذ يحٕسط اندزعات كاالجٙ, يسحشفٙ 

نحذٚحٙ انٕالدْٕنعًز سُّ ٔخًسّ ٔعشزِ ٔخًسة  ٘اياٚكزٔقز /299-68/ياٚكزٔقزا٘ ٔ/139-47/,ياٚكزٔقزا٘

انُحائح انحٙ جى انحصٕل عهٛٓا يٍ ْذِ انذراسة الجحعذٖ انقٛى انًزخعٛة ٔكذنك بعط سُّ عهٙ انحٕانٙ   عشز

ايا االخحالف فٙ قًٛة اندزعّ انسطحّٛ نهًسحشفٛات جحث انذراسّ جزخع نالخحالف  .سابقًا ت  انحٙ اخزٚث انذراسا

 .اس االشعّفٙ يعايالت انحعزض ٔاٚعا َحٛدّ نالخحالف فٙ قًٛة انخزج يٍ خٓ
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Chapter one 

Introduction 

1-1 General introduction 

Radiation protection in paediatric radiology deserves special attention as children are 

supposed to be more sensitive to radiation than adults. United Nation Scientific 

Committee on Effects of Atomic Radiation (UNSCEAR) has reported that children 

exposed to radiation at an age below 5 y are 2- to 3-fold sensitive when compared with 

adults 
[1].

 It is therefore import ant that radiation dose to children arising from 

diagnostic medical exposure is minimized. The aim of the present work was to evaluate 

the radiation dose delivered to paediatric patients in some common X-ray examinations 

in Khartoum state. It was motivated by the increasing concerns about the risk to infants 

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

infrastructure such as Sudan. In Sudan, as in many other developing countries, not 

much data are available on radiation doses in diagnostic radiology and paediatric X-ray 

examinations in particular. Comparison with reference doses and previous studies 

should help optimizing radiographic examinations in these hospitals. The results 

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

for paediatric X-ray examinations in Sudan. 

1-2 Literature review: 

Various researches have carried wide variations in pediatric x-ray examination in 

period from 2004 to 2008. 

Suliman et al. (2008) was published study on radiation doses from some common 

pediatrics X-ray examinations in Sudan.
 
 

 doses was obtanised.neonates falls in the range of 52–100, 115–169, 145–183, 204–

242 μGy, respectively. For a 1-y-old infant, mean ESD range was 80–114, 153–202, 

204–209, and 181–264 μGy, respectively. Some doses for neonates and infants were 

exceeding the reference doses by >20%. 
[2]
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Mohamadain, Kouther Elhaj Mohamed 2004, Dosimetric survey in diagnostic 

radiology.  

The age intervals considered were: 0-1 year, 1-5 years, 5-10 years and 10-15 years. for 

different exams and projections Abdomen, skull, Lumbar spine ,cervical spine, pelvis, 

chest for AP, PA and LAT projections.
 [3]

 

 Ana Cecília Pedrosa de Azevedoa , Adelaja Otolorin Osibotea and Márcia Cristina 

Bastos Boechatb . 2006 they Survey of doses and frequency of X-ray examinations on 

children at the intensive care unit of a large reference pediatric hospital  

The mean value of ESD and E varied widely among neonates. The highest number of 

radiographs per infant peaked 33 for chest examination in the age group 0–1 year
.[4] 

Mhamadain K. E. M. ; Darosal L. A. R. ; Azevedoa A. C. P. ; Guebel M. R. N. ; 

Boechatb. C. B. ; Habani F.2004, Dose evaluation for pediatric chest x-ray 

examinations in Brazil and Sudan: low doses and reliable examinations can be achieved 

in developing countries.  

Results of mean ESD for the age interval 1-5 years and AP projection are: 66 μGy 

IPPMG Hospital), 41, 86 and 68 μGy (IFF Hospital), 161 μGy (Omdurman Hospital), 

395 μGy (Khartoum Hospital) and 23 μGy (Ahmed Gasim Hospital). In the case of the 

IFF Hospital, the results refer, respectively, to rooms 1, 2 and for the six mobile 

equipments. The mean E for the same age interval was 11 μSv in the IPPMG, 6, 15 and 

11 μSv in the IFF, respectively for rooms 1, 2 and the 6 mobiles, 25 μSv in the 

Omdurman Hospital, 45 μSv in the Khartoum Hospital and 3 μSv in the Ahmed Gasim 

Hospital. These are some examples of the large discrepancies that have been detected in 

this survey.
 [5]

  

 W.E. Muhogora et al on Typical Radiation Doses to Patients from Some Common X 

Ray Examinations in Tanzania.  

 The mean entrance dose per X ray examination at each hospital ranged from 0.1 to 0.9 

mGy for chest AP, 3.5-13.9 mGy for abdomen AP, 1.6-13.1 mGy for pelvis AP, 3.6-

12.7 mGy for lumbar spine AP and 10.0-29.6 mGy for lumbar spine LAT. Inter-

http://twas.assaf.org.za:8080/jspui/browse?type=author&value=Mohamadain%2C+Kouther+Elhaj+Mohamed
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TJ0-4KJ0SK9-1&_user=10&_coverDate=12%2F31%2F2006&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_searchStrId=1583556184&_rerunOrigin=google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=4fa8e1bb1cb8d805d8fc298ef925ed4a&searchtype=a#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TJ0-4KJ0SK9-1&_user=10&_coverDate=12%2F31%2F2006&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_searchStrId=1583556184&_rerunOrigin=google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=4fa8e1bb1cb8d805d8fc298ef925ed4a&searchtype=a#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TJ0-4KJ0SK9-1&_user=10&_coverDate=12%2F31%2F2006&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_searchStrId=1583556184&_rerunOrigin=google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=4fa8e1bb1cb8d805d8fc298ef925ed4a&searchtype=a#aff2
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(MOHAMADAIN)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(DA%20ROSA)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(AZEVEDO)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(GUEBEL)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(BOECHAT)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(HABANI)
http://rpd.oxfordjournals.org/search?author1=W.E.+Muhogora&sortspec=date&submit=Submit
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hospital and intra-hospital dose variations up to a factor of 5 were observed for the 

same type of X ray examination. 
[6]

 

M.A. Halato1et al 2004 Dosimetry for Patients undergoing Radiographic Examinations 

in Sudan  

The estimated ESDs ranged from 0.18 - 1.05 mGy for chest PA, 0.98 - 3.48 mGy for 

Skull (AP), 0.66 - 2.75 mGy for skull (LAT), 1.22 - 4.35 mGy for abdomen (IVU), 1.18 

- 5.75 mGy for Pelvis, 1.52 - 5.01 mGy Lumbar spine AP and 2.48 - 10.41 mGy for 

Lumbar spine (LAT). These values compare well with the intend 
[6]

 

1-3 Objectives of the study  

   To measurement entrance surface air kerma (ESAK) for the pediatric patients who is 

exposed to radiation during different chest X-ray examination. And to compare this 

dose with the international literature. 

1-4 Over view of the thesis   

        This study falls into five chapters, Chapter one, which is an introduction, deals 

with theoretical frame work of the study and (Literature review). It presents the 

statement of the study problems, objectives of the study, chapter two deals with 

radiological physics and back ground. Chapter three deal with material and method, 

Chapter fours deals with results and discussions. Chapter five conclusion and 

recommendations and references. 
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Chapter two 

Radiological Physics 

2-1 Type of radiation:    

Non-ionizing radiation cannot ionize matter (laser, microwave). 

Ionizing radiation (can ionize matter either directly or indirectly): 

Directly ionizing radiation (charged particles): deposits energy in the medium through 

direct Coulomb interactions between the directly ionizing charged particle and orbital   

electrons of atoms in the medium (electrons, protons, a particles and heavy ions) 

Indirectly ionizing radiation (neutral particles, X-ray, γ ray& Neutrons): deposits 

energy in the medium through a two step process: 

In the first step a charged particle is released in the medium (photons release electrons 

or positrons, neutrons release protons or heavier ions); In the second steps the released 

charged particles deposit energy to the medium through direct Coulomb interactions 

with orbital electrons of the atoms in the medium. 
[8]

 

Both directly and indirectly ionizing radiations are used in the treatment of disease, 

mainly but not exclusively for malignant disease. The branch of medicine that uses 

radiation in the treatment of disease is called radiotherapy, therapeutic radiology or 

radiation oncology. Diagnostic radiology and nuclear medicine are branches of 

medicine that use ionizing radiation in the diagnosis of disease refer to their interaction 

with tissues. 
[8]

 

2-2 Interaction of radiation with matter: 

Photons may undergo various possible interactions with the atoms of an attenuator; the 

probability or cross-section for each interaction depends on the energy of the photon 

and on the atomic number Z of the attenuator by three methods. 
[9]

 

2-2 -1 Photoelectric effect: 

In the photoelectric effect (sometimes referred to as the photo effect) the photon 

interacts with a tightly bound orbital electron of an attenuator and disappears, while the  
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Orbital electron is ejected from the atom as a photoelectron with a kinetic energy EK 

given as: 

EK = hʋ  – EB 

Where hʋ  is the incident photon energy and EB is the binding energy of the electron
[9].

  

Photoelectric absorption is most important for photons below 0.1 MeV if the absorbing 

2medium is water or biological tissue. 
[10]

 

However, in high Z (atomic mass number) materials such as lead, this process is 

relatively important for photons up to about 1 MeV. 
[10] 

2-2 -2 Coherent scattering: 

In coherent the photon interacts with a bound orbital electron (i.e. with the combined 

action of the whole atom). The event is elastic in the sense that the photon loses 

essentially none of its energy and is scattered through only a small angle. 
[10] 

2-2-3 Compton Effect: 

The Compton Effect is usually the predominant type of interaction for medium energy 

photons (0.3 to 3 MeV).
 

In this process the photon interacts with an atomic electron sufficiently to eject it from 

orbit, the photon retains a portion of its original energy and continues moving in a new 

direction. Thus, the Compton Effect has an absorption component and scattering 

component. The amount of energy lost by the photon can be related to the angle at 

which the scattered photon travels relative to the original direction of travel.
 [11] 

2-2-4 Pair production: 

 In pair production the photon disappears and an electron–positron pair with a 

combined kinetic energy equal to hʋ – 2mec
2
 is produced in the nuclear Coulomb field 

with Photons energy greater than 1.024 MeV fig (1-3)
. [10][11]

 

 

2.3 X-rays: 

Electromagnetic radiation in a wavelength  the range of 0.01 to 10 nanometers known 

as X-rays or Röntgen rays. 
[13]

    

http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Wavelength
http://en.wikipedia.org/wiki/Nanometer
http://en.wikipedia.org/wiki/X-ray
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2-3-1 X-ray production 

X-rays are produced in a standard way: by accelerating electrons with a high voltage 

and allowing them to collide with a metal target. X-rays are produced when the 

electrons are suddenly decelerated upon collision with the metal target; these x-rays are 

commonly called brehmsstrahlung or "braking radiation". If the bombarding electrons 

have sufficient energy, they can knock an electron out of an inner shell of the target 

metal atoms. Then electrons from higher states drop down to fill the vacancy, emitting 

x-ray photons with precise energies determined by the electron energy levels. These x-

rays are called characteristic x-rays. 
[14]

  

 2-4 Basic elements of an X- Ray source assembly 

*Generator: power circuit supplying the required potential to the X- ray tube, X ray 

tube and collimator: device producing the X ray beam. 
[15]

 

2-4-1 X-ray generator 

It supplies the X-ray tube with:       

* Current to heat the cathode filament           

* Potential to accelerate electrons   

* Automatic control of exposure (power application time) 

* Energy supply  1000  X-ray beam energy (of which 99.9% is dissipated as 

thermal energy) 

*Peak voltage value has an influence on the beam hardness. 
[15]

 

2-4-1-1 type of X-ray generator   

Single  1-pulse (dental and some mobile systems), low power (<2 kW) 

Single  2-pulse (double rectification) , low and medium power 

Three  6-pulse ,uses 3-phase mains, medium and high power (manual or    automatic 

compensation for voltage drop.
 [15]

 

Three  12-pulse , uses two shifted 3-phase system, high power up to 150 kW  

Constant potential generators (CP) , eliminates any changes of voltage or tube current , 

high voltage regulators can control the voltage AND switch on and off the exposure 

http://hyperphysics.phy-astr.gsu.edu/hbase/ems3.html#c4
http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/xrayc.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/xrayc.html#c1
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,voltage can be switched on at any moment (temporal resolution) ,kV ripple <2% thus 

providing low patient exposure  

HF generators (use of DC choppers to convert 50Hz mains into voltages with 

frequencies in the kHz range)  “Inverter technology”, combines the advantages of 

constant potential and conventional generator, reproducibility and consistency of tube 

voltage, high frame rate possible 

2-4-2 X-ray tube: 

     Consist of: 

Cathode (tungsten filament): heated filament which is the source of the electron  beam 

directed towards the anode 

Anode (stationary or rotating): impacted by electrons, emits X Rays  

  Metal tube housing surrounding glass (or metal) X Ray tube (electrons are travelling 

in vacuum) 

Shielding material (protection against scattered radiation) 

2-4-2-1 Cathode structure: 

 Cathode includes filament(s) and associated circuitry.  

The filament usually made of tungsten material because: 

Its high melting point (3370°C) 

Slow filament evaporation 

No arcing 

 Minimum deposit of W on glass envelope. 

*Modern tubes have two filaments  

a long one : higher current/lower resolution 

a short one : lower current/higher resolution 
[15]

 

 2-4-2-2 Anode mechanical constraints 

Material: tungsten, rhenium, molybdenum, graphite  

Focal spot : surface of anode impacted by electrons 
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Disk and annular track diameter (rotation frequency from 3,000 to 10,000 

revolutions/minute)  

Thickness  mass and material (volume)   heat capacity. 
[15] 

2-5 X-ray beam: 

 X-ray beam divided into two groups: characteristic X rays and brehmsstrahlung X- 

rays. 

2-5-1 Characteristic X-ray  

Characteristic X rays result from Coulomb interactions between the Incident electrons 

and atomic orbital electrons of the target material, the bombarding electrons can eject 

electrons from the inner shells of the atoms of the metal target. Those vacancies will be 

quickly filled by electrons dropping down from higher levels, emitting x-rays with 

sharply defined frequencies associated with the difference between the atomic energy 

levels of the target atoms. 
[9]

    

The characteristic x-rays emission which shown as two sharp peaks in the illustration at 

left occur when vacancies are produced in the n=1 or K-shell of the atom and electrons 

drop down from above to fill the gap. The x-rays produced by transitions from the n=2 

to n=1 levels are called K-alpha x-rays, and those for the n=3->1 transition are called 

K-beta x-rays, transitions to the n=2 or L-shell are designated as L x-rays. 
[9]

 

2-5-2 Bremsstrahlung X-Rays: 

 Which is emitted when electrons are decelerated or "braked" when they are fired at a 

metal target. Accelerated charges give off electromagnetic radiation, and when the 

energy of the bombarding electrons is high enough, that radiation is in continuous 

distribution of radiation which becomes more intense and shifts toward higher 

frequencies when the energy of the bombarding electrons is increased. 
[2]

 

2-6 Type of diagnostic radiology: 

2-6-1 Fluoroscopies 

Fluoroscopy is a method of obtaining radiological image in a fluorescent screen or 

phosphor. 
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This imaging procedure gives live X ray viewing of the patient. it is used to get real  

time imaging and for aligning the patient to the X ray tube for filming . Modern 

systems use image intensifiers and a closed circuit TV system
.[16] 

2-6-2 Computed tomography scanner 

Computed tomography (CT) is a special form of tomography in which a computer is 

used to make a mathematical reconstruction of a topographic plane or slice. 

The computed tomography scanner was invented by Hounsfield in 1973. At first the 

machine was designed to study the head. Later it has been modified to scan any part of 

body. The CT scan helps the radiologists to visualize the cross – sectional view of the 

organ, on a television screen. 
[ 16] 

2-6-3 Mammography examination 

 X-ray mammography is the most reliable method of detecting breast cancer 

Basic component of mammography imaging system: 

Mammographic X-ray tube 

A device for compressing the breast 

An anti-scatter grid 

A mammographic image receptor 

An automatic Exposure Control System.
 [ 17]

 

2-7 Dosimetric quantities  

2-7-1 Basic dosimetric quantity  

2.7.1.1 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, thus: 

Φ=                                    (2-1) 

Unit: m
–2. [18]
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2.7.1.2. Energy fluence 

The energy fluence Ψ, is the quotient dR by da, where dR is the radiant 

energy incident on a sphere of cross-sectional area da, thus:
 [19]

 

                                        Ψ=                                    (2-2) 

 2.7.1.3Kerma and kerma rate 

    The kerma, K, is the quotient dEtr by dm, 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, thus:
 [18]

 

                                        K=                                    (2-3) 

Unit: J/kg. The special name for the unit of kerma is gray (Gy). 

The kerma rate, K ·, is the quotient dK by dt , where dK is the increment of 

Kerma in the time interval dt, thus:
 [18]

 

                                        Ќ=                                    (2-4) 

Unit: J·kg
–1

·s
–1

. If the special name gray is used, the unit of kerma rate is gray 

per second (Gy/s).
 [18]

 

2.7.1.4. Energy imparted 

The mean energy imparted, έ, to the matter in a given volume equals the radiant energy, 

Rin, of all those charged and uncharged ionizing particles which enter the volume 

minus the radiant energy, Rout, of all those charged and uncharged ionizing particles 

which leave the volume, plus the sum (Q) of all changes of the rest energy of nuclei 

and elementary particles which occur in the volume, thus:
 [18]

 

                                 έ = Rin – Rout+Q                          (2-5) 

For the photon energies used in diagnostic radiology, ΣQ is zero.
 
 

2.7.1.5 Absorbed dose 

The absorbed dose, D, is the quotient  by dm, where dέ is the mean energy imparted 

to matter of mass dm, thus: 
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                                     D=                                            (2-6) 

Unit: J/kg. The special name for the unit of absorbed dose is gray (Gy).
 [18]

 

2-7-2 Application  specific  dosimetric quantities: 

2-7-2-1 Incident air kerma 

The incident air kerma, Ki, is the kerma to air from an incident X ray beam measured 

on the central beam axis at the position of the patient or phantom surface. Only the 

radiation incident on the patient or phantom and not the backscattered radiation is 

included.
 [18]

 

Unit: J/kg. The name for the unit of kerma is gray (Gy). 

2.7.2.2 Entrance surface air kerma 

The entrance surface air kerma, Ke, is the kerma to air measured on the central beam 

axis at the position of the patient or phantom surface . 

The radiation incident on the patient or phantom and the backscattered radiation are 

included. 

Unit: J/kg. The name for the unit of kerma is gray (Gy). 

The entrance surface air kerma is related to the incident air kerma by the backscatter 

factor, B, thus:
 [18]

 

                                                 Ke = KiB                                      (2.6) 

2.7.2 3. X ray tube output 

The X ray tube output, Y(d), is defined in ICRU 74 [3.1] as the quotient of the air 

kerma at a specified distance, d, from the X ray tube focus by the tube current–exposure 

time product, PIt, thus:
 [18]

 

                                             Y(d) = K(d)/PIt                                                       (2.7) 

Unit: J·kg
–1

·C
–1

. If the special name gray is used, the unit of X ray output is Gy/C or 

Gy·A
–1

·s
–1

. 
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The tube current–exposure time product, PIt, is also referred to in this Code of Practice 

as the tube loading.
 [18]

 

2.7.2.4. Air kerma–area product 

The air kerma–area product, PKA, is the integral of the air kerma over the 

area of the X ray beam in a plane perpendicular to the beam axis (Fig. , 

thus: 

                                          PKA =                         (2.8) 

Unit: J·kg
–1

·m
2
. If the special name gray is used, the unit of air kerma–area product is 

Gy·m
2
.
 [18]

 

2.7.2.5. Air kerma–length product 

The air kerma–length product, PKL, is the integral of the air kerma over a line of length, 

L, thus: 

                                           PKL =                                  (2.9) 

Unit: J·kg
–1

·m. If the special name gray is used, the unit of air kerma–length product is 

Gy·m.
 
 

In this Code of Practice, the air kerma–length product is applied to the dosmetery of CT 

and to the dosmetery of dental panoramic examinations.
 [18]

 

2-8 Radiation units 

2.8.1 Gray 

 Radiation damage depends on the absorption of energy from the radiation and is 

approximately proportional to the concentration of absorbed energy in tissue. for this 

reason ,the basic unit of radiation dose is expressed in terms of absorbed energy per 

unit mass of tissue .this unit is called the gray (Gy) and is defined as one gray is an 

absorbed radiation dose of 1 joule per kilogram
.[19] 

1Gy=1J/kg. 
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2.8.2 Rad  

Before the introduction of the SI units. Radiation dose was measured by a unit called 

the rad (radiation absorbed dose). 

One rad is an absorbed radiation dose of 100 ergs per gram . 

                                  1rad =100ergs/g. 

                                       1Gy=100rads. 

Although the gray is the newer unit and will eventually replace the rad, the rad 

nevertheless continues to be widely used. 
[19] 

  2.8.3 The coulomb per kilogram (C/kg)  

    The coulomb per kilogram (C/kg) is the SI unit of  ionizing radiation exposure, and it 

is the amount of radiation required to create one coulomb of charge of each polarity in 

one kilogram of matter. 
[19]

 

  2.8.4 Roentgen (R)  

Is an obsolete traditional unit of exposure, which represented the amount of radiation, 

required to create one electrostatic unit of charge of each polarity in one cubic 

centimeter of dry air. 

1.00 Roentgen = 2.58×10−4 C/kg 
[19] 

 2.8.5 Sievert (Sv)  

 The sievert is the SI unit of equivalent dose, which for X-rays is numerically equal to 

the gray (Gy).  

(Rem) is the traditional unit of equivalent dose. For X-rays it is equal to the rad or 10 

millijoules of energy deposited per kilogram. 

                                                1.00 Sv = 100 rem. 
[19] 

http://en.wikipedia.org/wiki/Coulomb
http://en.wikipedia.org/wiki/Kilogram
http://en.wikipedia.org/wiki/Coulomb
http://en.wikipedia.org/wiki/Kilogram
http://en.wikipedia.org/wiki/Systeme_International
http://en.wikipedia.org/wiki/Ionizing_radiation
http://en.wikipedia.org/wiki/Electrostatic_unit
http://en.wikipedia.org/wiki/Sievert
http://en.wikipedia.org/wiki/Gray_(unit)
http://en.wikipedia.org/wiki/Rad
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Chapter Three 

Material and Method 

3.1 Materials &method 

This study was carried out six hospitals in Khartoum state; included seven X-ray 

machines. The hospitals included in the study are: Khartoum hospital (KH), Bahray 

hospital (BH), Doctor clinic (DC), Academy hospital (AH), Yastbsheroon diagnostic 

center (YH), Modern medical center (M1) and Modern medical center (M2). Initially, 

questionnaires were distributed to radiographers in charge of the diagnostic facilities. 

Each radiographer was asked to provide information with respect to his X-ray 

radiography unit, including manufacturer, model, and Screen type and film speed. To 

calculate the ESAK, the radiographer was asked to provide the typical exposure 

parameters used for 5 patients aged newborn, 1, 5, 10 and 15 years. The parameters 

were: peak tube voltage (kVp), exposure current-time product (mAs), focus-to-film 

distance (FFD). The ESAK (K e) is define as the air kerma to air on the X-ray beam 

axis at the point where the X-ray beam enters the patient or a phantom, including the 

contribution of the backscatter. The ESAK was calculated in the present work using the 

following relation 
[20]

: 

K e = K i ×B                   (3-1) 

)
 2    

           (3-2) 

where B is backscatter factor, d is specific distance from the tube ,  is the tube 

output per mAs measured at a distance of 100 cm from the tube focus along the beam 

axis at different kVps different mAs values typically encountered in the clinical 

practice.   is tube current exposure time product (mAs). kV is peak tube voltage 

recorded for any given examination, mAs is the tube current–time product, FSD is the 

focus-to- patient entrance surface distance and BSF is the backscatter factor. The X-ray 

tube outputs, in mGy (mAs)
−1

, were measured in a scatter-free geometry, using Unfors 

Xi dose rate meter (Unfors Inc., Billdal, Sweden). This dose rate meter was calibrated 
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by the manufacturer and reported to have accuracy better than 5%. A value for B of 

1.35 was used in this study
[21]

.  

     Table 3.1. Summarizes the radiographic technical data collected for the X-ray units, 

as well as the measured tube output at 60 kV.  

Table 3-1 X-ray equipment data and the tube output 

 

Hosp

ital 

 

Equipment

Make/year 

 

Model 

 

Grid used 

HVL 

(mm 

ALeq) 

 

wavef

orm 

 

Film 

speed 

 

Output at 

60kV(µGy/

mAs) 

AP PA 

KH Shimadzu 

/2004 

R-20J Not 

used 

used 3 3P12 400 53.6 

BH Shimadzu 

/2004 

1/213

DK 

not 

used 

used 3 CP 400 35.81 

DC Toshiba 

/2006 

TfBL1

000A 

not 

used 

used 3 CP 400 36.47 

AH Shimadzu 

/2003 

R-20 not 

used 

used 3 CP 400 53.22 

M1 Shimadz

u /2004 

R-

20CA 

not 

used 

Use

d 

2 CP 400 29.12 

M2 Micro 

medical 

/1989 

M18

5 

not 

used 

Use

d 

3 3P6 400 53.49 

YH Shimadz

u /2007 

M511-

4021A 

not 

used 

used 3 CP 400 33.46 
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Chapter Four 

Result & Dissections 

4-1 Results: 

In this chapter the results are presented for optimization of paediatrics chest x-ray 

examination in selected general radiography hospitals in Khartoum state. Seven X-ray 

machines were covered in six hospitals. Typical mean exposure parameters recorded 

are presented in Table 1.  Examinations were performed with kV ranged from 43 to 74, 

mAs that were ranged from 2 to 12.  It can be seen from the table that high exposure the 

parameters are used for elder patients that will eventually results in increase in ESAK.  

These exposure parameters were used to calculate the Entrance Surface Air Kerma for 

pediatrics patient aged 1-30 day, 1, 5, 10 and 15 year. With regard to newborn patients, 

the highest kV was recorded in DC (55), for 1 year the highest kV was Khartoum 

hospital (58), for 5 year the highest kV was recorded in Khartoum hospital (66), for 10 

year The highest kV was recorded in Modern Medical Center (73) at YH, and for 15 

years old the highest kV was recorded in M (74)  and YH.  

Focal Surface Distance of 120 cm was used for anterior posterior and 180 cm for 

posterior anterior Chest X-ray . 

In Table 4-2, Mean ESAK (µ Gy) (±σ) in chest X-ray examinations of pediatrics 

patients aged from newborn to 15 years old are presented.  

KH presented the highest mean ESAK ( 65 µGy) for newborn, M2 presented the 

highest ESAK for 1 year old child( 119 µGy), M1 presented the highest ESAK for 5 

year old child(128 µGy), M1 also presented the highest ESAK for 15 year old child 

(139 µGy). Presented the highest ESAK for 10 year old child (299 µGy).  Comparison 

of mean ESAK in all age categories is shown in Figure 4.1.  The Figure indicates that 

doses are increasing with patient size as expected. The comparison of the doses of the 

all age categories at specified hospital is presented in Figure 4-2 .  
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 Table 4.1 Radiographic parameters used in chest X-ray examinations of pediatrics 

patients aged from newborn to 15 years old. 

Hospital  

 

Parameter  Newborn 1 year 5 years 10 years 15 years 

KH kV 45±4 58±3 66±2 66±2 71±3 

mAs 5±1 6±0 7±0 8+0 8±0 

FSD 180±0 180±0 180±0 180±0 180±0 

BH kV 45±3. 54±3 63±2 63±2.7 63±2.6 

mAs 5±0 6±1 7±0.4 8±0 12.±1.0 

FSD 120±0 180±0 180±0 180±0 180±0 

DC kV 55±3 55±0 60±0 65±0 68±0 

mAs 2±0 3±0 3±0 4±0 5±0 

FSD 100±0 100±0 100±0 100±0 100±0 

AH kV 44±1 53±2 55±1 62±1 65±1 

mAs 5±0.2 6±0.2 6±0.1 6 ±0.2 6±0.1 

FSD 120±0 120±0 120±0 120±0 120±0 

M1 kV 43±2 57±2 64 ±3 73±2 74±1 

mAs 5±0.2 7±0.4 10±0 10±0 12±1 

FSD 120±0 120±0 120±0 180±0 180±0 

M2 kV 44±2 57±2 64±3 73±2 74±1 

mAs 5±0.2 7±0.4 10±0 10±0 12±1 

FSD 120±0 120±0 120±0 120±0 120±0 

YH kV 44±2 57±2 64±3 73±2 74±1 

mAs 5±0.2 7±0.4 10±0 10±0 12±1 

FSD 120±0 120±0 120±0 120±0 120±0 
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Table 4. 2. Mean ESAK (µ Gy) (±σ) in chest X-ray examinations of pediatrics patients 

aged from newborn to 15 years old.  

Hospitals                                 ESAK /µGy 

newborn 1 year 5 years 10 years 15 years 

KH 27±7 48±4 73±3 81±4 92±7 

BH 30±5 25±7 45±6 47±5 68±12 

DC 35±3 52±0 61±0 94±0 127±0 

AH 57±4 84±9 97±3 136±4 215±18 

M1 52±8 65±9 128±14 138±6 299±18 

M2 53±6 103±15 119±11 139±10 165±10 

YH 28±5 46±8 76±11 78±6 116±21 
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                                        Fig 4-1 mean ESAK at different ages  
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               Figure 4-2 Comparison ESAK of each age at the six hospitals 

 

 

 

 

 

 

 

 

 

 

4-2 Discussions: 

 This study was intended in evaluating the radiation doses for pediatrics undergoing 

diagnostic Chest X ray examinations in Sudan to help in applying optimization of 
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radiation protection of the patient. The data were collected from six major hospitals in 

Khartoum comprises seven machines. Exposure parameters (kV, mAs, FSD) were 

collected at each age in the specified hospital, the mean of kV in range from 43.2 to 55, 

from 54 to 58, from 55.2 to 66.4, from 61.6 to 73.24 and from 64.8 to73.8 kV at age (1-

30)days ,1 ,5,10,15 year respectively, mean of mAs in  ranged  from 2 to 5.4 ,from 3 to 

6.64, from 3 to 10 , from 4 to 10 and from 5 to 11.6 mAs at age (1-30)days ,1 ,5,10,15 

year respectively, and FSD ranged from  100 to 180 at the five ages (Table 4-1). The 

results obtained show that variations between exposure parameters at same age 

category were small. The estimated ESAK ranged from 27 to 65 µGy at age 1-30 days, 

from 25 to 119 µGy at age 1 year, from 33.6 to 127 µGy at age five year, from 30 to 

138 µGy at 10 year old and from 68 to 299.13 µGy (Table 4-2, Figure 4-2). The 

obtained results showed large differences of the dose at same age, it was found that the 

dose at different hospitals was also different (Table 4-2). This could be due to the 

variation in wave form indicating  lower doses at machines of constant potential than 

three  6-pulse (3P6) and three  12-pulse (12P6)  (Table 3-1) . Comparison of result of 

this study with reference levels showed the dose at all ages within the reference dose 

levels established by NRPB and EC as shown in table 4-3
 [22, 23]

. In Table 4.3 the results 

obtained in this study are compared with established international reference dose levels.  

Table 4-3 Comparison of the dose in this study with reference dose levels.  

Age  This study NRPB (22) EU 1996 (23) 

Newborn 46.4±13 - - 

1yr 62.7±26 50 100 

5yr 77.7±30 70 100 

10yr 87.4±37 120 - 

15yr 154.6±79 - - 
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In Table 4-4 Comparison is given between the results obtained in this s study and other 

previous studies in Sudan showing that the doses in this study are below the doses 

reported in previous studies.  

Table 4-4 describe the dose/µGy at this study and it at some previous studies  

 

Age 

This 

study 

Sulima

n et al 

[9] 

A.U.S

onawa

ne1 

[10] 

Mhamadain K. E. M. ; [12]  

M.A. 

Halato1

et 

al[14] 

IPP

MG 

IF

F 

OM

(H) 

K 

(H) 

 

newbo

rn 

46.4±1

3 

 

52-100 

 

- 

 

- 

 

- 

 

- 

 

- 

In 

range 

from 

180 to 

1050 

1year 62.7±2

6 

80-114 - - - - - 

5year 77.7±3

0 

- 200 51 6

8 

161 395 

10year 87.4±3

7 

- - - - - - 

15year 154.6±

79 

- - - - - - 

 

 

Figure 4-1 shows that the dose increases with the age because that used protocol is 

adjusted to deliver low output to the patient at smaller age regarding the sensitivity of 

radiation which decrease while age increase due to decreasing of cell division activity.   

 

http://rpd.oxfordjournals.org/search?author1=A.+U.+Sonawane&sortspec=date&submit=Submit
http://rpd.oxfordjournals.org/search?author1=A.+U.+Sonawane&sortspec=date&submit=Submit
http://rpd.oxfordjournals.org/search?author1=A.+U.+Sonawane&sortspec=date&submit=Submit
http://rpd.oxfordjournals.org/search?author1=A.+U.+Sonawane&sortspec=date&submit=Submit
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(MOHAMADAIN)
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 Chapter five 

Conclusions & Recommendations  

5-1 Conclusions 

  This study was intended in evaluating the radiation doses for pediatrics undergoing 

diagnostic Chest X ray examinations in Sudan to help in applying optimization of 

radiation protection of the patient.  The most of the estimated ESAK values were within 

the range of reference level and below the range at some previous studies .The ESAK 

depend on the exposure parameters and the machine wave form and filtration, we 

showed that the dose decrease when the exposure parameter decrease and it lower at 

Constance potential than dose at three  6-pulse and at three  12-pulse. As children are 

at greater risk of incurring stochastic effects, pediatric examinations should require 

special consideration in the justification process. To optimized the paediatrics dose 

used X-ray machine at CP wave form and decrease the exposure parameter with good 

image quality (ALARA principal) because Risk factors for cancer induction in children 

is between 2 and 3 times higher than for adults  
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5-2 Recommendations: 

 

*Filtration and collimation of the x-ray beam are very important safety measures. 

*keep doses As Low As Reasonably Achievable (ALARA) principle in diagnostic 

radiology to reducing the radiation dose for patients. 

* High kV techniques should be used when possible. 

* Short exposure times can improve image quality and reduce the number of films 

repeated. 

* Long focus patient distances could be used to minimize patient entrance dose (with 

the compromise of appropriate exposure times) 
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