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INTRODUCTION

     Diagnostic X-rays are used so extensively in medicine that they represent by far the largest 
man-made source of public exposure to ionizing radiation. Each year, Thousands of diagnostic 
x-ray procedures are performed in Sudan. Although radiation exposure connected with these 
procedures cannot be avoided, there are means to reduce it as much as possible. Patient 
radiation dose from conventional radiographic procedures ranges from 0.1 mSv to 10 mSv, 
resulting in a collective dose to the population that can be significant (1). S Anoopkumar et al 
concluded that cell proliferation is adversely affected by doses within the range of some 
radiological examinations (2).  Also Kai Rothkamm et al  reported  that the DNA double-strand 
breaks (DSBs) DSBs induced in cultures of nondividing primary human fibroblasts by very low 

radiation doses ( 1 mGy) remain unrepaired for many days, in strong contrast to efficient DSB 
repair that is observed at higher doses (3).  
 
     Today, Quality and safety have become hallmarks for efficient and successful of any 
medical procedure. The establishment of the Quality Criteria for Diagnostic Radiology Images 
started in 1984 when the first Directive on Radiation Protection of the Patient was adopted by 
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ABSTRACT 
 

In this study we estimated the entrance skin doses ESDs for patients 
undergoing selected diagnostic X–ray examinations in two large public 
hospitals in Khartoum state, Sudan. The study included the examinations of 
the chest postero-anterior (PA) , skull antero-posterior (AP), skull Lateral 
(LAT) , Lumber spine AP/LAT, abdomen Intravenous urogram (IVU) and 
Pelvis AP. Totally, 241 patients were included in this study. ESDs were 
estimated from patients’ specific exposure parameters using established 
relation between output (µGy/mAs) and tube voltage (kVp). 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 
international reference dose levels. This study provides additional data that 
can help the regulatory authority to establish    reference dose level for 
diagnostic radiology in Sudan.  
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the Member States of the European Union (4). During recent years, patient dose has become a 
major issue and because of the increasing awareness and greater realization of the effects of 
ionizing radiation, X-ray users are now more demanding of dose information and dose 
reduction (5). Recently quality and safety culture has been progressively developed in Sudan 
with regard to the medical use of ionizing radiation for diagnosis and treatment. The two basic 
principles of radiation protection of patient recommended by the ICRP are justification of 
practice and optimization of protection (6, 7). In diagnostic radiology, periodic dose assessments 
should be made to encourage the optimization of the radiation protection of the patients. Dose 
measurements are required further to compare different radiological techniques and to comply 
with some international guidelines and regulations. During the last ten years many studies are 
conducted on the radiation dose due to clinical x-ray examinations (8-13). These studies in 
addition to many international researches have reported wide variations in patient dose arising 

from specific X-ray examinations.  Reasons for these dose variations were complex but, in 
general, low tube potential, high mAs and low filtration were associated with high-dose 
hospitals. 
 
 
     The International Commission on Radiological Protection (ICRP) introduced the term dose 
reference level “DRL” for the first time in 1996 (14). Specifying that it is advisory, set by 
professional bodies, apply to dose to patients or intake of pharmaceutical, and call for local 
review if consistently exceeded. Johnston et al (Ireland) emphasized the importance of each 
country establishing its own reference dose levels that are appropriate to their own radiographic 
techniques and practices in order to optimize patient protection (15). Entrance Skin Dose ESD is 
the easily measurable quantity for establishing DRLs. Thermo luminescent dosimeters (TLDs) 
and ionization chambers are the commonly used dosimeters for estimating ESDs for patients 
during radiographic examinations, (16) in addition DoseCal and some mathematical methods.  In 
Sudan there are only two TLD readers so it’s difficult to get an access for routine patient 
dosimetric using TLDs In other hand Ionization chambers, being more bulky and requiring 
connecting cables, are usually difficult to attach in sufficiently close contact to the patient’s 
skin.  
 
     The main task of this study is evaluating the radiation doses to patients undergoing some 
common diagnostic X-ray examinations in three major hospitals in Sudan and to compare those 
estimated dose level with the established reference dose levels. The study provides additional   
data that may help on establishing of reference dose levels (RDLs) for diagnostic radiology in 
Sudan in the near future.  
 
 

MATERIALS and METODES  
 
     The study was carried out at two hospitals in Khartoum state, Sudan. These hospitals were 
chosen for the study because they are the largest hospitals in the country in terms of workload. 
As an example, one has a room with an average workload of 100 patients per day. Four X-ray 
machines were included. Two of them are Toshiba t7239x with total filtration 2.9mm AL in 
hospital A and the other are Toshiba DR3724H; 2.3mmAL and Siemens G444G-946; Total 
filtration 1mm AL in hospital B. Totally, 241 patients were included in this study. 
  
     For calibration of x- ray machines output, several kilovolt peak (kVp) values selected 
randomly in the range from 40-100 kVp, milliampere time product (mAs), and focus-to-Film 
distance (FFD) were recorded.  The output was measured by Unfors Xi digital dosimeter. The 



IX Radiation Physics & Protection Conference, 15-19 November 2008, Nasr City - Cairo, Egypt 
 

 159

calibration curves plotted with Microsoft office Excel. ESDs were estimated for the following 
radiographic projections: chest posterio anterior (PA), Skull anterio posterior/posterio anterior   
(AP/PA), Skull Lateral (LAT), Lumbar spine AP, Lumbar spine lateral (LAT), abdomen 
Intravenous urogram (IVU) and Pelvis anterio posterior (AP). 
 
 
ESDs calculation method 
 
     The entrance skin dose ESD is defined as the absorbed dose to air on X-ray beam axis at the 
point where X-ray beam enters the patient or a phantom, including the contribution of the 
backscatter (16). A number of equations describing output relation with tube potential are found 
in the literature (17, 18, and 19). In this study the entrance skin doses ESDs calculated using the 
equation (1) obtained by V TSAPAKI et al (17). 
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The tube output obtained from the calibration curve. The focal skin distance (FSD) obtained by 
subtracting the nominal patient thickness from the focal film distance (FFD) by equation (2). 
The back scatter factor (BSF) used in this study was 1.35 (19, 20). The standard patient thickness 
(20 cm) was used. 

)2........(..........ThicknessFFDFSD −=  
 
     To calculate the ESD, the following X-ray tube exposure parameters were recorded for each 
patient take diagnostic examination: peak tube voltage (kVp), exposure current–time product 
(mAs) and focus-to-film distance (FFD). In addition to, the patient information i.e. patient age 
and weight.  
 
 

RESULTS and DISCUSSION 
 

     In Figures 1- 4 the calibration curves of X-ray machines are plotted graphically showing the 
relation between the tube output (µGy mAs-1) and X-ray tube voltage kVp. 

 

       
FIG1: The calibration curve for X-ray 

machine1 In BT Hospital. 

 
FIG2: The calibration curve for X-ray 

machine2 In BT Hospital. 
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FIG3: The calibration curve for X-ray 

machine 3 In MC Hospital. 
 

 
FIG4: The calibration curve for X-ray 

machine 4 In MC Hospital. 

 
     The mean of patients’ age, weight and kVp were taken for each group undergoing the same 
diagnostic examination in each of the participated X- ray room.  These results are shown in 
Table1 and Table2. 
 

Table1: Mean patient data and exposure parameters for selected X-ray examinations in BT 
Hospital, with average values. 

 
Patient exposures parameters Medical 

examination
  Age 
(yr) 

 Weight 
(kg) Tube voltage (kVp) mAs FFD (cm) 

Chest PA 41 65 65 11.3 180 
Skull AP/PA 32 56 70 15 100 
Skull LAT 32 59 67 24 100 
IVU 39 63 72 28 100 
Pelvis AP 47 72 74 35 100 
Lumbar spine AP 46 68 75 32 100 
Lumbar spine  LAT 48 70 87 40 100 

 
 

Table2: Mean patient data and exposure parameters for selected X-ray examinations in MC 
Hospital, with average values. 

 
Patient exposures parameters Medical 

examination
     Age 

(yr) 
 Weight 

(kg) Tube voltage (kVp) mAs FFD (cm) 
Chest PA 68 92 25 180 
Skull AP/PA 54 96 21 100 
Skull LAT 56 94 20 100 
IVU 67 95 24 100 
Pelvis AP 69 96 23 100 
Lumbar spine AP 70 96 28 100 
Lumbar spine  LAT

45 
36 
38 
46 
53 
49 
47 68 102 41 100 
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     The mean age of studied sample was found to be in the range from 32 to 53 years. The 
average weight was found in the range from 54 to 72 kg.  The standard sized person of 70 was 
recommended by ICRP (21). The average tube voltage ranged from 65 to 102 kVp, the product 
of mill ampere × time ranged from 11.3 to 14 mAs. MC hospital use kVp values greater than 
those ones in the BT Hospital. 
 
     Chest (PA), lumbar spine (AP and LAT), pelvis (AP), skull (AP and LAT) abdomen (IVU) 
examinations are the most common clinical cases received by hospitals included in this study. 
Table 3and table 4 presents the mean values, standard deviation of ESDs, minimum ESD and Maximum 
ESD for each patient group of the same clinical case.  Maximum ESDs observed in MC hospital. This 
may be resulting from the high kVp values compared with those ones used in BT hospital (6). 
 
     As shown in Table3 and Table4, a notable variation was reported between the mean ESDs 
estimated in MC Hospital and the mean ESDs estimated in BT Hospital for all selected 
examinations. 
 
 

Table3: ESDs for patient examined in BT Hospital (machine1 & machine2) in mGy 

Examination Mean  S.Dev.  Min. Max.  Max./Min. No.P 

Chest PA 0.27 0.20 0.41 1.05 2.56 21 

Skull AP/PA 1.66 0.55 0.98 2.32 2.37 20 

Skull LAT 1.13 0.40 0.66 1.66 2.52 20 

IVU 1.78 0.53 1.22 2.97 2.43 15 

Pelvis AP 1.72 0.61 1.18 2.42 2.05 15 

Lumbar spine  AP 2.69 0.99 1.52 4.63 3.05 15 

Lumbar spine LAT 4.56 0.93 2.48 6.06 2.44 15 

 
 

Table4: ESDs for patient examined in MC Hospital (machine3 & machine4) in mGy 

Examination Mean S.Dev. Min. Max. Max./Min. No.P 

Chest PA 0.54 0.04 0.18 0.39 2.17 20 

Skull AP/PA 2.07 0.93 1.14 3.48 3.05 20 

Skull LAT 1.72 0.74 0.86 2.75 3.2 20 

IVU 3.17 0.86 1.56 4.35 1.59 15 

Pelvis AP 3.62 1.29 2.02 5.75 2.85 15 

Lumbar spine  AP 3.94 0.75 2.52 5.01 1.99 15 

Lumbar spine LAT 8.27 0.80 7.37 10.41 1.38 15 

 
 
     In Table5 the obtained ESDs were compared with data previously published by international 
studies. These ESDs were relatively greater than those ones reported by Gaetano Compagnone 
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et al (22) in Italy but the ESD found in this study was lower than that reported by D A 
JOHNSTON et al in Ireland (23). However, the results compared with some establishing 
international dose reference dose levels such as IAEA, CEC and  
 
 

Table5: Compression of this study with international studies and IDRLs 
 

Examination This Study International Studies(22-23)   International DRLs(24-27)  

 BTH MCH Ireland Italy IAEA 
(1996) 

CEC 
(1996) 

NRPB 
(2000) 

 

Chest PA 0.27 0.54 0.3 0.25 0.2 0.3 0.2  

Skull AP/PA 1.66 2.07 - 1.91 2.5 5.0 3.0   

Skull LAT 1.13 1.72 - 1.45 1.5 3.0 1.5   

IVU 1.78 3.17 6.0 3.0 10 10 -   

Pelvis AP 1.72 3.62 7.0 - 5 10 4.0   

Lumber Sp AP  2.69 3.94 8.0 2.98 5 10 6.0  

Lumber Sp LAT 4.56 8.27 24.0 7.41 15 30 14  
IAEA values were divided by two as recommended by IAEA for screen–film with a speed of 400 
 
 
 

CONCLUSION 
 

     Patient radiation dose is a very important parameter to control the quality of the X-ray 
services within the hospital. Dose monitoring helps to ensure the best possible protection of 
the patient and provides an immediate indication of incorrect use of technical parameters or 
equipment malfunction. The results of this study indicated that in general the measured ESDs 
are close to recommended reference dose levels. Factors that contributed to lower the ESDs 
level in this study are the relatively new equipments and the high-speed screen-film 
combination. This study demonstrated that the method used here for estimating   ESDs could 
be an alternative reliable and cheap method for patient dose monitoring in the everyday 
routine of a diagnostic radiology department, provided that the X-ray system works within 
international DRLs. This study provides additional data that can help the regulatory authority 
to establish    reference dose level for diagnostic radiology in Sudan.  The results are also 
useful international and professional organisations.  More studies should be carried out 
especially in hospitals using old diagnostic facilities.  
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