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Abstract 

The aim of this study was to assess patient doses in most common radiographic X-ray 

examinations in Wad madani hospitals of Al Gazera State. The examination parameters 

of 388 radiographs were used to calculate the entrance surface air kerma ( ESAK) of 

patients undergoing  skull  (AP& LAT), chest (PA), pelvis(AP), abdomen (AP) and 

lumbar spine (AP& LAT)  in six major hospitals  . 

Hospital mean ESAKs estimated range from 0.072 - 0.69 mGy for chest PA, 0.338-6.46 

mGy for Skull PA, 0.195–5.8 mGy for Skull LAT, 0.595–3.42 mGy for Pelvis AP, 

0.772–6.31 mGy for Lumbar Spine AP , 2.1–15.2 mGy for Lumbar Spine LAT and  

0.742- 5.79  mGy for Abdomen. This data will be useful for the formulation of national 

reference levels as recommended by the International Atomic Energy Agency (IAEA). 
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 انخالصّ

 

انذساست ْٕ تقييى انجشعت االشعاعيت نهًشظٗ فٗ يعظى االختباساث انبسيطت فٗ انٓذف يٍ ْزِ  

.يذيُت ٔد يذَٗ بٕاليت انجزيشة   

صٕسة اشعاعيت نقياس كيشيا انٕٓاء انذاخهت نهجهذ  نهًشظٗ  388تى استخذاو يعايالث انتعشيط ل 

أيايٗ )ٔ انحٕض ( خهفٗ ايايٗ)ٔ انصذس( جاَبٗ  –أيايٗ خهفٗ )انخاظعيٍ ألختباساث  انشأس 

ٔرنك فٗ ستت يستشفياث ( جاَبٗ  -أيايٗ خهفٗ)ٔانفقشاث انجزعيت (  أيايٗ خهفٗ )ٔ انبطٍ ( خهفٗ

.سئيسيت بًذيُت ٔد يذَٗ   

خهفٗ )نهصذسٔرنك  يهٗ جشاٖ    0.69 - 0.072يتٕسط كيشيا انٕٓاء انذاخهت نهجهذ  فٗ انًذٖ  ٔجذ اٌ

 (  جاَبٗ )نشأس ليهٗ جشاٖ  5.8–0.195(  أيايٗ خهفٗ)نشأس ليهٗ جشاٖ   6.46-0.338   (ايايٗ

( أيايٗ خهفٗ )يهٗ جشاٖ  نهبطٍ  5.79 -0.742( أيايٗ خهفٗ )يهٗ جشاٖ   نهحٕض  3.42–0.595

 انقطُيتيهٗ جشاٖ  نهفقشاث  15.2–2.1( أيايٗ خهفٗ)انقطُيت يهٗ جشاٖ  نهفقشاث  6.31–0.772

عيت ٔطُيت كًا ْٕ يٕصٗ بّ يٍ جستكٌٕ ْزِ انبياَاث يفيذة فٗ عًم يستٕٖ جشعاث يش  ( .جاَبٗ )

     .قبم انٕكانت انذٔنيت نهطاقت انزسيت
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Chapter One 

Introduction 

In both developed and developing countries, the number and range of X-ray facilities and X-ray 

equipment is increasing rapidly [1]. Although alternative modalities for diagnosis of diseases and 

injury, such as ultrasound and MRI , are becoming increasingly available, steady improvement in 

the quality of X-ray images and patient protection have ensured that diagnostic X-rays remain 

the most used tool in diagnosis[2] and hence make a major contribution to man’s exposure to 

ionizing radiation from man made sources. In recent years, health physicists have devoted much 

effort to the minimization of patients’ doses in diagnostic radiology. Through these efforts, 

substantial reductions in radiation doses to patients resulting from radiographic procedures have 

been achieved in many countries [3]. The International Atomic Energy Agency has 

recommended guidance levels of dose for diagnostic radiography for a typical adult patient. 

These levels were intended to act as thresholds to trigger investigations or corrective actions in 

ensuring optimized protection of patients and maintaining appropriate levels of good practice. 

Since guidance levels should be derived from wide scale surveys of exposure factors performed 

in individual hospitals [4]. several dose surveys were conducted recently in Sudan [5]. However 

pervious studies cover only X-ray installations in the capital Khartoum.  

The aim of this study was to measure patients’ dose arising from X-ray examinations of the 

pelvis AP, abdomen AP , skull (PA &LAT) , chest PA,  and lumbar spine (AP&LAT) in some 

selected hospitals in Wadmadani city in Gazera State. Data from these measurements will serve 

as a useful baseline in addition to the data from Khartoum State to establish national reference 

levels. It was anticipated   that the study will help in the optimization of radiation protection of 

the patient. The patient dose was estimated in the present study in terms of Entrance Surface Air 

Kerma (ESAK). 
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1.1 Biological Effect of Ionizing Radiation   
Most adverse health effects of radiation exposure may be grouped in two general categories: 

Deterministic effects and stochastic effect. 

1.1.1   Deterministic Effects 
These include the type of injuries resulting from whole body or local exposure to radiation that 

causes sufficient cell damage or cell killing to substantial numbers or proportion of cells to 

impair functions in the irradiated tissues or organs [6].  A certain threshold  has to be exceeded 

before the effect is seen , and above the threshold , the severity of the effect is dose related  i.e. it 

will increase  with increasing dose rate .The doses that result in the clinical appearance of the 

deterministic effects are generally of the order of few Gray (Gy ) to tens of Gray .The time at 

which the effect becomes noticeable may extend from a few hours to some years after exposure , 

depending on the type of effect and type of the irradiated tissues [6].   

1.1.2   Stochastic Effects 
Instead of being killed, the irradiated cell may be modified and continue to reproduce, potentially 

causing malignancy. Unlike the deterministic effects, there is no threshold for stochastic effect  

to occur. The probability of an effect occurring is a function of dose, but the severity of the effect 

is dose independent [6]. Stochastic effects can be categorized as somatic (carcinogenic) effects or 

hereditary (genetic) effects, which may occur from injury to one or a small number of cells. 

Since a single cell may be enough to initiate the effect, there is a finite probability that the effect 

will occur however small the dose[6]. 

1.2 System of Radiological Protection  
The international commission on radiological protection (ICRP) has formulated the system of 

radiological protection of the human from harmful effect of ionizing radiation. This system is 

based on three principles: Justification, optimization and dose limit.  

 

1.2.1 Justification  
No practice or source within a practice should be authorized unless the practice produces 

sufficient benefit to the exposed individuals or to society to offset the radiation harm that it might 
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cause; that is: unless the practice is justified, taking into account social, economic and other 

relevant factors [7]. 

  

1.2.2 Optimization 

In relation to any particular source within a practice , the magnitude of individual doses , the 

number of people exposed , and the likelihood of exposure , where they are not certain to be 

received , should all be kept as low as reasonably achievable (ALARA), with economic and 

social factors being taken into account [7]. 

1.2.3 Dose limit 
 The exposure of individuals resulting from the combination of all the relevant practices should 

be subject to dose limits. These are aimed at ensuring that no individual exposed to radiation 

risks from such practices which are judged to be unacceptable in any normal circumstances. Not 

all sources of radiation are susceptible to control by action at the facility, and it is necessary to 

specify the sources to be included as relevant before selecting a dose limit. For medical purpose 

,dose limits are not applied. If a practice is justified and protection optimized , the dose to patient 

will be as low as compatible with the medical procedure. Any further constraint of doses might 

lead to the patient’s detriment.[7] 

1.3 Objectives 

 To assess patient doses in the most common radiographic x-ray examination in  

Wadmadani City and compare it with the International Dose Reference Level.  

 The results will be used with the data already exists from other cities to establish national 

diagnostic reference levels (DRL) in Sudan 

 

1.4Thesis Outline 

 In Chapter one included a brief introduction, biological effect of ionizing radiation, the system 

radiological protection and objectives. A literature   review   is described in chapter two.  

Chapter three included the radiation dose quantities and basic concept of radiation protection 

dosimetry. The material and methods used in the study are dealt with in chapter four. The study 
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results and discussion are presented in chapter five. In chapter six conclusion of the work are 

summarized.  
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Chapter Two 

Literature Review 

 

Radiological parameters and radiation doses of patients undergoing abdomen, 

pelvis and lumbar spine X-ray examinations in three Nigerian hospitals [8] 

 

The authors used thermo-luminescent dosimeters (TLDs)   to measure the entrance surface doses 

(ESDs) of patients undergoing pelvis, abdomen and lumbar spine diagnostic X-ray examinations 

in Nigeria. A total of three public hospitals and 171 patients were included in this investigation. 

The ages of the patients involved were from 40 years to 85 years, while their weights ranged 

from 64 kg to 73 kg. Mean, median, first and third quartiles of ESDs were reported. The results 

showed that in most cases, for each of the examinations, the individual ESD values are found to 

be comparable with, and higher than, those from Ghana and Tanzania, respectively. The mean 

ESD values are also found to be within the range of mean ESD values that have been previously 

reported from countries outside Africa. When compared with the European Community (EC) 

reference values, the mean ESDs were found to be below the reference values in only two of the 

hospitals. The ranges found in their work were high. They concluded that more attention needs to 

be given to X-ray facilities in Nigeria. The authors has suggested that radiographic departments 

need to review their radiographic practices in order to bring their doses to optimum levels. 

Effective doses were also calculated from the ESD values. The mean doses were found to be 

generally low when compared with those found in the literature from other countries including 

two African countries. The radiographic parameters used for all the patients were also compared 

with the European criteria. It was recommended that the tube filtration at one hospital be 

increased. The importance of good regulatory activities and trained personnel was stressed in that 

work.  
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Entrance surface doses to patients undergoing  selected diagnostic X-ray 

examinations in Sudan [5] 

 

The aim of the authors in that study was to evaluate the entrance surface doses (ESDs) to patients 

undergoing selected diagnostic X-ray examinations in major Sudanese hospitals. That work was 

carried out in four major hospitals in the Sudanese capital Khartoum. Eight X-ray units were 

included in the study . ESD per examination was estimated from X-ray tube output parameters in 

four hospitals comprising eight X-ray units and a sample of 346 radiographs. 

The hospitals that participated in the study were Ribat University Hospital (RUH), Khartoum 

Teaching Hospital (KTH), Omdurman Teaching Hospital (OTH) and Khartoum North Teaching 

Hospital (KNTH). For calculating the ESD, the following X-ray tube exposure parameters were 

recorded, by the authors, for each patient undergoing the specified diagnostic procedure: peak 

tube voltage (kVp), exposure current–time product (mA s) and focus-to-film distance (FFD). The 

ESD was calculated in that work using the following relation: 

  

𝐸𝑆𝐴𝐾 =
𝑂

𝑃
×  

𝑘𝑉

80
 

2

× 𝑚𝐴𝑠 ×  
100

𝐹𝑆𝐷
 

2

× 𝐵𝑆𝐹………… .         (2 − 1) 

 

Where  
𝑂

𝑃
 is the tube output per mA s measured at a distance of 100 cm from the tube focus along 

the beam axis at 80 kVp, kV is peak tube voltage recorded for any given examination, mA s is 

the tube current–time product, FSD is the focus-to patient entrance surface distance and BSF is 

the backscatter factor. 

The tube output in mR/mA s was measured at a distance of 100 cm from the X-ray tube focus 

using RAD-CHECK PLUS model 06-526 X-ray exposure meter (Nuclear Associates, Victoreen 

Division,NY, USA). The factor 0.00877 was applied to convert the tube output from mR/mA s to 

output in mGy/mA s. A value for the BSF of 1.35was used in this study. The dose rate meter, 

RADCHECK PLUS used for the measurements has been calibrated at Sudan Atomic Energy 

Commission (SAEC) Secondary Standard Dosimetry Laboratory. 

Hospital mean ESDs estimated range from 0.17 to 0.27 mGy for chest AP, 1.04–2.26 mGy for 

Skull AP/PA, 0.83–1.32 mGy for Skull LAT, 1.31–1.89 mGy for Pelvis AP, 1.46–3.33 mGy for 
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Lumbar Spine AP and 2.9–9.9 mGy for Lumbar Spine LAT. With exception of chest PA 

examination at two hospitals, mean ESDs were found to be within the established international 

reference doses. 

 

 

Local diagnostic reference levels in standard X-ray examinations [9] 

  

The authors aimed at describing the levels of patient radiation dose in  S. Orsola-Malpighi  

hospital, Italy. In that hospital there were eight radiological departments(one completely 

dedicated to paediatric patients); in each of these, the entrance skin dose (ESD) distributions 

were determined for 10 standard projections (AP Abdomen, PA and LAT Chest, AP and LAT 

Lumbar Spine, LAT Lumbo-Sacral Joint, AP Pelvis, PA and LAT Skull and AP Urinary tract) 

and then the ESDs were compared with data previously published and with Italian DRLs. The 

radiologists were asked to complete a questionnaire based on the samples given in the European 

guidelines. Measurements of the output of the X-ray tubes as air kerma (K) were taken following 

one of the procedures indicated in European guidelines with an ionisation chamber dosimeter 

held in a scatter-free support on the X-ray beam central axis during a status test. In order to 

obtain air kerma (K)  for each kilovoltage (kVp), milliampere-seconds (MAS) and focus-to-skin 

distance (FSD) indicated by the radiologists in the questionnaire , a mathematical model 

proposed by Harpen was used: 

 

K(KVP,MAS)= α × (KVP)β × (MAS)      (2-2)  

 

where the parameters α  and  β depend on X-ray generator type, anode material, FSD and X-ray 

tube filtration. 

ESDs were compared with data previously published and with Italian DRLs. All ESD values 

were below the corresponding   Italian DRLs. The maximum/minimum ratio of ESDs ranged 

from 3.9 (LAT Skull) to 34.3 (AP Abdomen) for individual adult patients and from 2.1 (PA 

Skull) to 6.5 (Urinary tract) across the mean values of the radiological departments.  
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Radiation doses from some common pediatric X-ray examinations in Sudan 

[10] 

The authors performed this study in order to evaluate Radiation doses to patients from some 

common pediatric X-ray examinations in three hospitals in Khartoum state, Sudan. ESDs were 

measured for chest, skull, abdomen, lumbar spine and pelvis in AP, PA and LAT projections. 

Doses were estimated from X-ray tube output parameters in three hospitals comprising three 

units and a sample of 459 radiographs. The hospitals included in the study were Khartoum, 

Omdurman and A. Gasim   pediatric hospitals. ESDs in that study were calculated using DoseCal 

software developed by the radiological protection centre of Saint George’ Hospital, London. 

The X-ray tube outputs, in mGy (mA s)
-1

, were measured using Unfors Xi dosimeter (Unfors 

Inc., Billdal, Sweden). The dosimeter was calibrated by the manufacturer and reported to have 

accuracy better than 5%. The authors results showed that  the Mean ESDs obtained from 

anteroposterior projection for chest, skull, abdomen and pelvis for 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, 181–264 µGy, respectively. Some doses for neonates and 

infants were exceeding the reference doses by >20%.  The authors observed that patient’s  doses 

were high in departments using single-phase generators compared with those using constant 

potential.  

Determination of guidance levels of dose for diagnostic radiography in 

Taiwan [4]  

The aim of the study was to determine guidance levels for dose that received by patient in 

Taiwan and to provide guidance levels to the national authorities in Taiwan to help them develop 

quality control and radiation protection programs for medical exposures. A total of 276 

completed questionnaires were received and analyzed. In the questionnaire, respondents were 

asked to check those projections that were routinely performed in their department and to report 

machine data, patient data, output measurements, and technical factors including kVp, mAs, 

focusto- film distance, table-to-film distance, aluminum filtration, and focal spot size. Based on 

the survey data, entrance skin exposures in air, i.e., free air exposures at the point of intersection 

of the x-ray central beam with the entrance surface of the patient, were estimated using the 
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RADCOMP program. Entrance surface doses to air and tissue with backscatter were then 

evaluated by the application of the exposure-dose conversion factor and the backscatter factor 

obtained from TLD measurements and Monte Carlo simulations. 

Result show that except for chest PA and LAT and skull LAT procedures, all guidance levels 

derived in that work were less than those recommended by the International Atomic Energy 

Agency. 

 

Reference dose levels for patients undergoing common diagnostic X-ray 

examinations in Irish hospitals [11] 

 The aim of this study was to establish, for the first time, a baseline for national reference dose 

levels in Ireland for four of the most common X-ray examinations: chest, abdomen, pelvis and 

lumbar spine. Measurements of entrance surface dose using thermoluminescent dosemeters 

(TLDs) for these four X-ray examinations were performed on 10 patients in each of 16 randomly 

selected hospitals. This represented 42% of Irish hospitals applicable to that study. Results have 

shown wide variation of mean hospital doses, from a factor of 3 for an anteroposterior lumbar 

spine to a factor of 23 for the chest X-ray. The difference between maximum and minimum 

individual patient dose values varied up to a factor of 75. Reasons for these dose variations were 

complex but, in general, low tube potential, high mAs and low filtration were associated with 

high-dose hospitals. That study also demonstrated lower reference dose levels of up to 40% 

when compared with those established by the UK and the Commission of the European 

Communities for four out of six projections. Only the chest X-ray exhibited a similar reference 

level to those established elsewhere. This emphasizes the importance of each country 

establishing its own reference dose levels that are appropriate to their own radiographic 

techniques and practices in order to optimize patient protection. 
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Chapter Three 

Radiation Protection Dosimetry 

3. 1 X-ray  

Clinical X ray beams typically range in energy between 10 kVp and 50 MV and are produced 

when electrons with kinetic energies between 10 keV and 50 MeV are decelerated in special 

metallic targets. Most of the electron’s kinetic energy is transformed in the target into heat, and a 

small fraction of the energy is emitted in the form of X ray photons, which are divided into two 

groups: characteristic X rays and bremsstrahlung X rays:[12] 

 

3.1.1 Characteristic X- rays 

 

Characteristic X rays result from Coulomb interactions between the incident electrons and 

atomic orbital electrons of the target material (collision loss). In a given Coulomb interaction 

between the incident electron and an orbital electron, the orbital electron is ejected from its shell 

and an electron from a higher level shell fills the resulting orbital vacancy. The energy difference 

between the two shells may either be emitted from the atom in the form of a characteristic 

photon (characteristic X ray) or transferred to an  orbital electron that is ejected from the atom as 

an Auger electron.[12] 

 

3.1.2 Bremsstrahlung X- rays 

 

Bremsstrahlung X rays result from Coulomb interactions between the incident electron and the 

nuclei of the target material. During the Coulomb interaction between the incident electron and 

the nucleus, the incident electron is decelerated and loses part of its kinetic energy in the form of 

bremsstrahlung photons (radiative loss).[12] 
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3.2 Dose Quantities  

 

3.2.1 Kerma (K) is the quotient of 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: 

 

𝐾 = 𝑑𝐸𝑡𝑟/𝑑𝑚                              (3.1) 

 

The SI Unit is: J/kg, special name gray (Gy) [13]. 

3.2.2 Kerma rate (Ќ) is the quotient of dK by dt, where dK is the increment of Kerma in the 

time interval dt, thus: 

 

Ќ =
dK

dt
………………………… (3 − 2) 

 

The SI Unit is: (J/kg)/s, or Gy/s.[13] 

 

3.2.3. Absorbed dose (D) can be used to quantify the deposition of energy by ionizing 

radiation. It is defined as the quotient of dε by dm, where dε is the mean energy imparted to 

matter of mass dm, thus: 

 

𝐷 =
𝑑𝐸

𝑑𝑚
…………………………… . (3 − 3) 

 

The SI Unit is: J/kg, special name gray (Gy).[13] 

3.2.4 Absorbed dose rate (Ď) is defined as the quotient of dD by dt, where dD is the 

increment of absorbed dose in the time interval dt, thus: 
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Ď =
dD

dt
……………………………… . (3 − 4) 

The SI Unit is: (J/kg)/s, or Gy/s [13]. 

3.2.5 Exposure (X)  is defined as the quotient of dQ by dm, 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 in air of mass dm are completely stopped in air, thus: 

𝑋 =
𝑑𝑄

𝑑𝑚
……………………………… . . (3 − 5) 

The SI Unit is: C/kg [13]. 

 

3.3 Radiation protection Quantities 

The absorbed dose is the basic physical dosimetry quantity, but it is not entirely satisfactory for 

radiation protection purposes because the effectiveness in damaging human tissue differs for 

different types of ionizing radiation. In addition to the physical quantities, other dose related 

quantities have been introduced to account not only for the physical effects but also for the  

biological effects of radiation upon tissues. These quantities are organ dose, equivalent dose, 

effective dose, committed dose and collective dose. 

 

3.3.1 Organ dose (DT) 

The organ dose is defined as the mean dose DT in a specified tissue or organ T of the human 

body, given by: 

DT  =1/MT ∫MTD dm= ε T / m T         (3-6) 

 

where 

m T is the mass of the organ or tissue under consideration; 

ε T is the total energy imparted by radiation to that tissue or organ.[12] 
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3.3.2 Equivalent dose(HT) 

 

The biological detriment (harm) to an organ depends not only on the physical average dose 

received by the organ but also on the pattern of the dose distribution that results from the 

radiation type and energy. For the same dose to the organ, α or neutron radiation will cause 

greater harm compared with  γ -rays or electrons. This is because the ionization events produced 

by α or neutron radiation will be much more closely spaced (densely ionizing radiations) and so 

there is a higher probability of irreversible damage to the chromosomes and less chance of tissue 

repair. Consequently, the organ dose is multiplied by a radiation weighting factor w R to account 

for the effectiveness of the given radiation in inducing health effects; the resulting quantity is 

called the equivalent dose HT. 

The equivalent dose HT is defined as: 

HT = w R DT,R     (3-7) 

where 

DT,R is the absorbed dose delivered by radiation type R averaged over a tissue 

or organ T; 

w R is the radiation weighting factor for radiation type R. 

If an organ is irradiated by more than one type of radiation, the equivalent dose is given by the 

sum:[12] 

HT =  ∑w R DT,R                  (3-8) 

 

 

3.3.3 Effective dose (E): 

 

The effective dose E is defined as the summation of tissue equivalent doses, each multiplied by 

the appropriate tissue weighting factor wT, to indicate the combination of different doses to 

several different tissues in a way that correlates well with all stochastic effects combined (ICRP 

Publication 60): 
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E = ∑ wT HT               (3-9) 

Tissue weighting factors wT are tabulated in ICRP Publication 60 and in IAEA safety standards. 

When one deals with only one type of radiation in a given situation, the effective dose is given 

by: 

E = ∑ w T D T,R              (3-10) 

[12] 

 

3.4 Dose Quantities use in Diagnostic Radiology: 

3.4.1 Incident air Kerma: 

 

The incident air kerma is the air kerma from the incident beam on the central x-ray beam axis at 

the focal spot-to-surface distance dFSD,. Only the primary radiation incident on the patient or 

phantom and not the backscattered radiation, is included. We can call it as Ka,i. Unit: J/kg, 

special name: gray (Gy). 

The incident air kerma is approximately related to the air-kerma free-in-air at any other distance, 

d, from the tube focal spot, Ka (d), by the inverse-square law. Thus: 

 

𝐾𝑖 .𝑎 = 𝑘𝑎(𝑑)  
𝑑

dFSD
 ……………………… (3 − 11) 

 

It is stated approximately because there are several small corrections due to attenuation in air, 

scatter in air, and x-ray source structures. The incident air kerma can be easily calculated from 

the x-ray tube output, Y (d), provided the dFSD and the tube-current exposure–time product are 

known for the specified radiation quality [13]. 
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3.4.2 The incident air Kerma rate Ќ i.a: 
 

The incident air kerma rate( Ќ i.a ) is the quotient of dKi,a by dt, where dKi,a is the increment of 

incident air kerma in the time interval dt, thus : 

 

ќi.a =
dki.a

dt
…………………… (3 − 12) 

 

The SI Unit is: J/(kg/s), or Gy/s[13]. 

 

3.4.3 X-ray tube output Y (d)  

X-ray tube output Y (d)) is defined as the quotient of the air kerma at specified distant d from the 

x-ray tube focus by the tube current-exposure time product Pit thus: 

 

𝑌 (𝑑)  =  𝐾 (𝑑) / 𝑃𝐼𝑡  ………… (3-13) 

 

The SI Unit is J/kg.C , if the specific name gray is used, the unit of x-ray output is Gy/C or 

Gy/A.S. The tube current –exposure time product, PIt is also referred to as the tube loading [13]. 

 

 

3.4.4 Entrance-surface air kerma and entrance-surface air kerma rate 

 

The entrance-surface air kerma is the air kerma on the central x-ray beam axis at the point where 

the x-ray beam enters the patient or phantom. The contribution of backscattered radiation is 

included. We can call it as Ka,e. Unit: J/kg, special name: gray (Gy). The entrance-surface air 

kerma is related to the incident air kerma by the backscatter factor  B. Thus: 

 

𝑘𝑒 ,𝑎   =  𝑘𝑖 ,𝑎𝐵………………… . (3 − 14) 
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The backscatter factor depends on the x-ray spectrum, the x-ray field size, and the thickness and 

composition of the patient or phantom. 

The entrance-surface air-kerma rate, ќ a.e, is the quotient of dKa,e by dt, where dKa,e is the 

increment of entrance surface air kerma in the time interval dt, thus : 

 

𝑘𝑒 ,𝑎  =   
𝑘𝑒 ,𝑎

𝑑𝑡
……………………… (3 − 15) 

 

The SI Unit is: J/(kg/s), or Gy/s[13]. 

 

3.4.5 Air Kerma–area product and air Kerma–area product rate 

 

The air kerma–area product is the integral of the air kerma free-in-air over the area A of the x-ray 

beam in a plane perpendicular to the beam axis. We can call it as PKA. Thus: 

 

𝑃𝐾𝐴  =  ∫ 𝑎 𝐾 𝑎(𝐴)𝑑𝐴…………………… (3 − 16) 

 

The SI Unit is: J m
2
/kg/, or Gy m

2
 

 

If the air kerma free-in-air Ka(A) is constant over the beam area, which is approximately valid 

for small beam areas, then: 

 

𝑃𝐾𝐴  =  𝐾 𝑎𝐴………………………… . (3 − 17) 

The PKA has the useful property of being approximately(when air attenuation and scatter and 

extra focal irradiation can be neglected) invariant with distance from the x-ray tube focal spot, as 

long as the plane of measurement or calculation is not so close to the patient or phantom as to 

receive a significant contribution from backscattered radiation. Usually, the position of the plane 

does not need to be specified. 

The air kerma–area product rate, ÞKA is the quotient of dPKA by dt, where dPKA is the increment 

of the air kerma–area product in the time interval dt, thus: 
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Þ𝐾𝐴  =  
𝑑𝑃𝐾𝐴
𝑑𝑡

…………………… (3 − 18) 

 

The SI Unit is: Jm
2
/(kg s), or Gy m

2
/s[13]. 

 

 

 

3.5  Dose measurement methodology   

 

3.5.1 Determination of ESD from TLD measurement 

TLD are considered as the gold standard for determination of entrance surface dose in practice. 

Measurement is made with thermo-lumensince dosimeter, TLDs attached to the patient or 

phantom at pointes where the X-ray beam enters the patient. TLDs are read in a standard manner 

and the value read is used as an estimate of the ESD received by the patient. If correctly 

calibrated to measure air kerma free in air, the TLD should give a direct reading of the entrance 

surface dose, and no correction is needed for back scatter radiation or distance from the tube 

focus. 

 

3.5.2 Determination of ESD from DAP measurement 

DAP use in interventional radiology to estimate ESD. Entrance skin dose (ESD) can be 

calculated from the knowledge of DAP [14]. 

ESD= (DAP/AППΦ,FID )(FID/FSD)
2
X BSF X(µen/ρ)

tissue
 air 

  

Where  (AП) is the field area measured at FID . Due to positive beam limitation ,  

(AП) has an explicit dependence upon ПΦ and FID. BSF is backscatter factor .( (µen/ρ)
tissue

 air 

) is the ratio of the mass energy conversion coefficient tissue to air . For all diagnostic x-ray 

energies , the mass energy absorbtion coefficient ratio of tissue to air is  ~ 1.06. 
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3.5.3 Calculation of ESD from tube output data 

ESD  may be calculated in practice by means of knowledge of tube output [15] . the relationship 

between x-ray unit current time product (mAs) and the air kerma free in air is establish at 

reference point in the x-ray field at 80 kVp tube potential . Subsequent estimate of the ESAK can 

be done by recording the relevant parameters (tube potential, filtration, mAs and FSD) and 

correcting for distance and backscatter radiation according to the following equation [15]. 

𝐸𝑆𝐴𝐾 =
𝑂

𝑃
×  

𝑘𝑉

80
 

2

× 𝑚𝐴𝑠 × [
100

𝐹𝑆𝐷
]2 × 𝐵𝑆𝐹 

where O/P is the tube output per mAs measured at a distance of 100 cm from the tube focus 

along the beam axis at 80 kVp, kVp is peak tube voltage recorded for any given examination, 

mA s is the tube current–time product, FSD is the focus-to- patient entrance surface distance and 

BSF is the backscatter factor 
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Chapter Four 

Materials and Methods 

This work was carried out in six major hospitals in Wadmadani city in Gazera State. Seven X-

ray units were included in the study. The hospitals that participated in this study were: Altameen 

Hospital (TAH), National Institute for Cancer  (NIFC), Altahely Hospital (TAHH) , Police 

Hospital (POH) , Military Hospital (MIH) and Alkela Hospital (KEH). These hospitals were 

chosen for the study because they are the largest hospitals in Wedmadani city in terms of 

workload.  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,   Screen type and film speed. To calculate the 

ESAK , X-ray tube exposure parameters were recorded for each patient undergoing the specified 

diagnostic procedure: peak tube voltage (kVp), exposure current–time product (mAs) and focus-

to-film distance (FFD). The ESAK (K e) is defined 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: 

K e = K i ×B                   (4-1) 

𝐾𝑖 = 𝑌(𝑑)𝑃 𝑖(
𝑑

𝑑  𝐹𝑇𝐷−𝑡  𝑝
)
 2    

           (4-2) 

Where B is backscatter factor , 𝑌(𝑑) is the tube output per mAs measured at a distance of 100 

cm from the tube focus along the beam axis at different kVps for a constant value of mAs  of 10. 

 𝑃 𝑖   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 tube output in mR/mAs  was measured at 

a distance of 100 cm from the X-ray tube focus using RAD-CHECK PLUS model 06-526 X-ray 

exposure meter (Nuclear Associates, Victoreen Division, NY, USA). The factor 0.00877 was 

applied to convert the tube output from mR/mAs to output in mGy/mAs[5] . A value for B  1.35 

was used in this study[5]. The dose rate meter, RAD- CHECK PLUS used for the measurements 

has been calibrated at Secondary Standard Dosimetry Laboratory(SSDL) Sudan Atomic Energy 

Commission (SAEC). Table (4-1) summarizes the radiographic technical data collected for the 
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seven X-ray units, as well as the measured tube output. The tube output was measured in a 

scatter-free geometry, for a peak tube voltage of 70 kVp, exposure current–time product of 10 

mA s and a focus- to-detector distance of 100 cm. The film type and speed used in all hospitals 

was  green 400. To calculate the (
𝑑

𝑑  𝐹𝑇𝐷−𝑡  𝑝
) for AP/PA projections a standard patient thickness of 

20 cm was used. For Skull LAT projection 15 cm thickness was used, for all other LAT 

projections standard patient thickness of 30 cm was used .The estimation of (
𝑑

𝑑  𝐹𝑇𝐷−𝑡  𝑝
) using 

standard patient size described above is more preferred than measuring the focus to skin 𝐹𝑆𝐷 

directly for reasons related to patient collaboration and convenience. Another reason is that 

recommendations for good radiographic techniques such as CEC guidelines are generally 

expressed in terms of FFD. Exposure parameters were registered and dose calculations were 

performed on a sample of 387 radiographs. All adult patients with age ≥16 years were included 

in this study. Quality control (QC) tests were performed in all departments participating in this 

study. The tests included kVp accuracy and reproducibility, half value layer (HVL) and exposure 

current–time product (mAs) linearity and X-ray tube wave-form. The ESAK was used to assess 

radiation dose to the patient for the following selected examinations: chest PA, lumbar spine AP, 

lumbar spine LAT, pelvis AP, skull PA and skull LAT. Only films that were considered 

diagnostic by the radiographer were accepted in this study. This ensured that all dose levels used 

were representative of the diagnostic image. Microsoft Excel was used for data manipulation and 

ESAK calculations.  
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Table  (4.1). Radiographic technical data and output values for the seven X-ray units:  

Hospital 

(Room) 

Radiographic unit/model Total 

filtration 

(mm Al 

eq) 

Film 

/screen 

type/speed 

Output 

µGy /mAs @70kV 

 (TAH) SHIMADZU/1/2P13DK/70959 2.5 Green 400 
39.82 

 (CNCH)1 SHIMADZU/1/2P13DK/50976 2.5 Green 400 
32.74 

 (CNCH)2 SHIMADZU/ R-

30H/0163H59123 

2. 5 Green 400 
37.16 

 (TAHH) TOSHIBA/ E7242X/4G187 2.9 Green 400 33.60 

 (POH) SIEMENS/4801200/358383 2.5 Green 400 
9.73 

 (MIH) TOSHIBA/ E7242X/4G285 2.9 Green 400 
53.98 

 (KEH) SHIMADZU/1/2P13DK/50973 2.5 Green 400 69.91 
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Chapter Five 

Results and Discussion: 

5.1 Results : 

This work was carried out in six major hospitals in Wadmadani city in Gazera State. Seven X-

ray units were included in the study. Tables  from 5-1 to 5-7 show results for examinations of 

(Skull PA, Skull LAT, Chest PA, Abdomen AP, Pelvis AP, L/S AP, L/S LAT) and (mean ± σ) 

for patient weight and exposure factors (  kV, mAs, FFD) and ESAK . The average weight of 

patients was 70 kg. Films used in all departments were  green with speed of 400. In this study 

kV, mAs and FFD  used   ranged from 63-102 kVp, 14-48 mAs and 100-180 cm, respectively 

.Analyses were performed on measurements throughout the six radiological departments. The 

distribution and mean values of ESAKs for individual adult patient exposures are presented in 

Tables 5-1 to 5-7. For each projection, all doses were below the corresponding IAEA levels 

except in two hospitals.  It can be seen from the Tables that the doses presented in hospital 

(POH) were lower compared to the doses in other hospitals included in the study. This can be 

scribed to the relatively lower X-ray tube output parameters used.  In examinations (Skull PA, 

Skull LAT, Chest PA, Abdomen AP, Pelvis AP, L/S AP, L/S LAT) the highest values of ESAK 

was found in KEH hospital. This because of the relatively high tube output parameters used in 

this hospital. The variations in these parameters, as reflected in the range values, are partially due 

to variations in patient size and technique used. The  lowest  tube potentials used were reported 

in POH hospital for Skull LAT (63 kVp); whereas in NIFC1 hospital the highest potentials were 

used for L/S LAT(102 kVp) . 
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Table 5-1. Patient weight and exposure parameters for selected X-ray examinations in   Altameen   Hospital 

(TAH) 

Projection Sample size Patient 

Weight (kg) 

Peak 

Kiovoltage 

milli Ampere 

second 

FFD ESAK(mGy) 

Skull PA 10 77±15 68±2 16±1 100±0.0 0.800±0.10 

Skull LAT 10 77±15 66±2 15±1 100±0.0 0.602±0.07 

Chest PA 10 70±19 64±3 13±2 180±0.0 0.137±0.03 

Abdomen 

AP 

11 77±15 71±5 17±3 100±0.0 0.956±0.28 

Pelvis AP 9 75±14 72±4 20±2 100±0.0 1.126±0.25 

LS AP 10 74 ±17 76±4 29±4 100±0.0 1.913±0.46 

LS LAT 10 74 ±17 85±4 33±3 100±0.0 3.684±0.77 

 

 

 

 

Table 5-2 . Patient weight and exposure parameters for selected X-ray examinations in National Institute  for 

Cancer (NIFC)1 

Projection Sample size Patient 

Weight (kg) 

Peak 

Kiovoltage 

Milli ampere 

second 

FFD ESAK(mGy) 

Skull PA 10 78±12 71±3 17±2 100±0.0 1.210±0.24 

Skull LAT 10 78 ±12 71±3 17±2 100±0.0 1.102±0.24 

Chest PA 10 72 ±9 72 ±5 19±5 180±0.0 0.360±0.14 

Abdomen 

AP 

10 75±11 84±4 27±4 100±0.0 2.639±0.58 

Pelvis AP 10 75±11 80±5 24±6 100±0.0 2.180±0.79 

LS AP 10 75±11 86±5 26±5 100±0.0 2.699±0.76 

LS LAT 10 75±11 102±12 32±6 100±0.0 6.230±2.45 
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Table 5-3 Patient weight and exposure parameters for selected X-ray examinations in National Institute  for 

Cancer (NIFC)2 

Projection Sample size Patient 

Weight (kg) 

Peak Kiovoltage Milli ampere 

second 

FFD ESAK(mGy) 

Skull PA 7 74±9 68±5 15±3 100±0.0 1.210±0.41 

Skull LAT 7 73±8 68±4 16±3 100±0.0 1.150±0.37 

Chest PA 7 74±9 72±5 13±1 180±0.0 0.309±0.08 

Abdomen 

AP 

6 72±8 82±4 25±3 100±0.0 3.020±0.67 

Pelvis AP 7 74 ±10 81±7 21±6 100±0.0 2.610±1.29 

LS AP 7 73±8 85±7 27±8 100±0.0 3.790±1.83 

LS LAT 7 73±8 94 ±5 35±8 100±0.0 7.860±2.70 

 

 

 

 

Table 5-4 . Patient weight and exposure parameters for selected X-ray examinations in  Altahely      

Hospital  (TAHH) 

 

Projection Sample 

size 

Patient 

Weight 

(kg) 

Peak 

Kiovoltage 

Milli 

ampere 

second 

FFD ESAK(mGy) 

Skull PA 7 74±10 76±0 20±0.0 100±0.0 1.730±0.0 

Skull LAT 7 74±10 68±0 18±0.0 100±0.0 1.100±0.0 

Chest PA 7 74±10 73±4 14±1 180±0.0 0.285±0.06 

Abdomen AP 7 74±10 83 ±2 23±2 100±0.0 2.462±0.33 

Pelvis AP 7 74±10 85±3 26±4 100±0.0 2.750±0.31 

LS AP 7 74±10 85±3 25±2 100±0.0 2.700±0.38 

LS LAT 7 74±10 90±5 33±2 100±0.0 5.250±0.77 

 
 

 

 

 

 



25 

 

Table 5-5 . Patient weight and exposure parameters for selected X-ray examinations in  Police    

Hospital(POH)  

 

Projection Sample 

size 

Patient 

Weight (kg) 

Peak 

Kiovoltage 

Milli 

ampere 

second 

FFD ESAK(mGy) 

Skull PA 7 58 ±9 68±3 19±4 100±0.0 0.338±0.11 

Skull LAT 7 65 ±11 63±2 16±2 100±0.0 0.195±0.04 

Chest PA 10 59 ±17 66±4 18±2 180±0.0 0.072±0.03 

Abdomen 

AP 

7 71 ±13 77 ±5 27±5 100±0.0 0.742±0.29 

Pelvis AP 7 68 ±13 75±4 24 ±4 100±0.0 0.595±0.19 

LS AP 7 69 ±8 78±4 27±4 100±0.0 0.772±0.20 

LS LAT 7 69 ±8 88 ±4 40±1 100±0.0 2.104±0.32 

 

 

 

 

 

 

Table 5.6 Patient weight and exposure parameters for selected X-ray examinations in    Military  

Hospital(MIH)  

Projection Sample 

size 

Patient 

Weight (kg) 

Peak 

Kiovoltage 

Mili ampere 

second 

FFD ESAK 

Skull PA 7 69±7 77±4 26 ±5 100±0.0 3.920±1.21 

Skull LAT 7 68±7 77±4 25±4 100±0.0 3.358±0.93 

Chest PA 7 66±7 72±2 19±1 180±0.0 0.598±0.07 

Abdomen 

AP 

7 67±8 77±3 26±3 100±0.0 3.900±0.53 

Pelvis AP 7 74±7 78±4 22±0.0 100±0.0 3.420±0.38 

LS AP 7 71±8 86±4 28±1 100±0.0 5.440±0.55 

LS LAT 7 71±8 91±4 27 ±4 100±0.0 7.960±1.75 
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Table 5-7 . Patient weight and exposure parameters for selected X-ray examinations in     Alkela    Hospital 

(KEH ) 

Projection Sample 

size 

Patient 

Weight 

(kg) 

Peak 

Kiovoltage 

Milli 

ampere 

second 

FFD ESAK(mGy) 

Skull PA 7 73±6 74±3 38±4 100±0.0 6.466±1.19 

Skull LAT 7 73±7 74±1 39±2 100±0.0 5.820±0.35 

Chest PA 7 73±7 67±7 20±4 180±0.0 0.690±0.27 

Abdomen 

AP 

7 74±7 76±3 32±6 100±0.0 5.790±1.60 

Pelvis AP 7 74±6 72±4 33±5 100±0.0 5.270±1.49 

LS AP 7 75±8 75±6 36±5 100±0.0 6.310±2.07 

LS LAT 7 73±6 86±3 48±6 100±0.0 15.230±3.26 

 

5.2 Discussion: 

Results in table 5.8 show ESAK for all examinations which included in this study for the seven 

machines at six hospitals and the guidance levels that recommended by International Atomic 

Energy Agency (IAEA). From observations (POH) is the smallest value in all examinations 

because of the low output of the machine combined with high tube filtration. For Skull 

(PA&LAT) all values below IAEA recommendations level except in (MIH) and (KEH). In chest 

examinations all hospitals showed ESAK values that are higher than IAEA reference dose. This 

could be attributed to the relatively high exposure parameters used in these hospitals. It is also 

possible that radiographers experience has some impact.  Similar statement can be made for 

(MIH) and (KEH) hospitals where high ESAK values were observed. Similar characteristic in 

this study was that there were QC performed for chemicals and film processing materials a factor 

that resulted in high technique factors used throughout this study. Based on the results obtained 

recommendations will made on how to bring the doses below the international recommended 

dose levels. In general all values of ESAK in this study within IAEA recommendation and 

exceed with fraction in some cases. The Figures 5.1-5.7 show the histograms of ESAK 

distribution for Abdomen, chest PA, Pelvis, Lumber spine AP , Lumber spine Lat, Skull AP and 

Skull lat.. Mean ESAK, standard deviation and sample size are also shown on each Figure.  
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Table 5.8 Show mean ESAK (mGy) for all hospitals included in this study with IAEA &NRPB 

&CEC recommended guidance level : 

 
This study Organization with 

reference dose levels 

 

projection 

 

(TAH) (NIFCH)1 (NIFCH)2 (TAHH) (POH) (MIH) (KEH) IAEA NRPB CEC 

Skull PA 0.800 1.210 1.210 1.730 0.338 3.92 6.466 2.5 3.0 5.0 

Skull LAT 0.602 1.102 1.150 1.100 0.195 3.358 5.820 1.5 1.5 3.0 

Chest PA 0.137 0.360 0.309 0.285 0.072 0.598 0.690 0.2 0.2 0.3 

Abdomen 

AP 

0.956 2.639 3.020 2.462 0.742 3.900 5.790 5.0 - - 

Pelvis AP 1.126 2.180 2.610 2.750 0.595 3.420 5.270 5.0 4.0 10.0 

LS AP 1.913 2.699 3.790 2.700 0.772 5.440 6.310 5.0 6.0 10.0 

LS LAT 3.684 6.230 7.860 5.250 2.104 7.960 15.230 15.0 14.0 30.0 

 

 

 
                                                          Figure (5-1) 
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                                                          Figure (5-2) 

 
                                                           Figure (5-3) 
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                                                        Figure (5-4) 

 
                                                          Figure (5-5) 
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                                                          Figure (5-6) 

 

 
 

                                                          Figure (5-7) 
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Chapter Six 

Conclusions and Recommendations  

 

ESAKs were estimated in the present study for patients undergoing selected diagnostic X-ray 

examinations in major hospitals in Wadmadni. In all hospitals ESAK for chest exam is higher 

than the recommended value from IAEA, NRPB and CEC  DRLs except in three hospitals. For 

the other examinations the values are within the recommended values from IAEA, NRPB and 

CEC except in two hospitals.  

Due to relatively high tube output in two hospitals, recommendations were made for increasing 

the filtration in these hospitals. It is also recommended that radiographer adhere to guidelines for 

quality radiograph for standardizing their practice.  Quality control of the dark room is highly 

recommended.  It is anticipated that the results presented will serve as a baseline data needed for 

deriving DRLs for X-ray examinations in Sudan. 
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