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Abstract: Humans have always been exposed to natural or artificial radiation such as X-rays and gamma rays. 

Exposure to X-ray radiation is dangerous as it transfers a certain amount of energy to biological system when it interacts 

with them. Recently, great attention has been paid to monitor and estimate the dose limits of public exposure to X-ray 

radiation in order to provide an appropriate protection of the public. In this work, the X-ray radiation exposure 

parameters such as kVp, mAs, FSD, tube output voltage, etc., were recorded for chest, skull, abdomen, pelvic, 

lumbosacral and cervical spine X-ray procedures of fifty (50) male and female patients underwent X-ray examination in 

University of Maiduguri Teaching Hospital (UMTH). The recorded parameters for chest antero-posterior (AP), postero-

anterior (PA) and lateral (LAT), abdomen AP/PA, skull AP/PA/LAT, cervical spine AP/LAT lumbosacral spine 

AP/PA/LAT and pelvic AP X-rays examinations were converted to entrance surface dose (ESD). The mean ESD values 

measured for patients undergoing X-ray examination in UMTH using a conventional X-ray machine, ranges from 

0.2261 mGy for cervical spine LAT to 2.6865 mGy for lumbasacral spine LAT for female patient and ranges from 

0.372 mGy for abdomen PA to 2.0436 mGy for lumbosacral spine PA for male patient. These ranges of ESD values 

were much lower compare to guidance levels set by international radiation protection bodies. Thus, there is no any 

significant health risk to the female and male patient underwent X-ray procedures in UMTH. Such ESD assessment is 

essential to prevent health risks of X-ray exposures during the radiological procedures. 
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       1 Introduction 

  
One of the most powerful and indispensable 

diagnostic tools in modern medicine is X-ray 

examinations. X-ray examinations are carried out 

using modern diagnostic equipment/machines. 

Diagnostic X-ray radiation produces images of 

patients with essential details and sufficient image 

quality to guide practitioners for effective and 

efficient diagnosis, and for the treatment of various 

diseases during medical examinations [1-3]. It has 

been estimated that about 30% - 50% of critical 

medical decisions are based on X-ray examinations. 

Therefore X-ray examination has proved to be very 

useful in the service of humanity. Due to the ionizing 

nature of the X-ray radiations, its increasing 

application in radio-diagnostic examination involves 

some potential health risks to personnel/patients being 

exposed.  

Recently, great attention has been made worldwide to 

monitor the release of radiation and to estimate the dose 

limits of public exposure so as to protect personnel/patients 

against radiation hazard [4-9].  

It is suggested that the harmful effects of X-ray radiation 

could be avoided or minimized by knowing the radiation 

dose received by public [10-17]. Therefore, this work 

aimed at assessing the X-ray radiation dose received by 

patients undergoing X-ray examination in UMTH by 

comparing the measured ESD with that recommended by 

NRPB (2000), UK (2010), EC (1999), IAEA (2007) and 

IPSM (1992) [18-22]. 

2  Materials and Methods 
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The materials used in this research work are control panel 

which comprises of exposure parameters such as kVp, mAs, 

body type etc. Then a conventional X-ray machine, erect 

Bucky, CR cassettes which are of different sizes base on 

the type of body part to be expose. Conventional 

radiography room with X-ray machine General Electronics 

(G.E), 2.5 mm∙Al total filtration, maximum and minimum 

tube voltage of 150 kvp and 0.50 kVp and maximum and 

minimum current intensity of 630 mAs and 0.50 mAs 

respectively. The X-ray exposure parameters such as tube 

potential (kVp), , tube current-time product (mAs), FFD and 

tube output voltage of each patient and projection were 

recorded directly from the control panel. Another 

parameter, FSD which is the distance between X-ray tube 

and patient skin is calculated from 

 FSD = FFD − 𝜏        (1) 

where τ is the standard patient thickness for each projection.  

The FSD is measured in cm. Fifty different X-ray 

examinations with various projections were calculated. 

Patient dosimetery is a functional operation parameter such 

as high voltage or kilovolt (kVp), current intensity or milli-

amperage (mAs), antero-posterior (AP), postero-anterior 

(PA), lateral (LAT) and focus-skin distance (FSD), 

filtration and thickness. The patient dose is usually 

specified by means of determining entrance surface dose 

(ESD) for patient being exposed to diagnostic X-rays.  

The ESD in conventional radiography can be obtained 

either by calculation from mathematical methods based on 

the X-ray machine output or by direct measurements using 

thermoluminescent dosimeters stacked on the patient’s 

skin. These methods have relatively small differences. 

Application of thermoluminescent dosimeters in measuring 

the ESD involves time consuming and using special 

equipments which may not be available at the most 

radiographic centers. The mathematical method appears 

reliable and is an effective alternative for measuring the 

entrance skin dose [23,24].  

The ESD values for patients undergoing five routine X-ray 

examinations from the hospital were calculated 

mathematically using the recorded outputs (i.e., kVp, mAs, 

and FFD) through the following equation [7]: 

   ESD(𝑚𝐺𝑦) = BSF ×  OP × (
𝑘𝑉𝑝

80
)

2

× (
100

FSD
)

2

× 𝑚𝐴𝑠   (2) 

where OP (mGy/mAs) is tube output measured from the X-

ray tube at 80 kVp settings at distance of 1 m, kVp is peak 

tube voltage applied, mAs is exposure current (the product 

of the tube current (mA) and the exposure time (s) and BSF 

is back scatter factor. The backscattered value (BSF) of 

1.25 is used for skull and cervical spine, 1.3 for chest and 

1.4 for abdomen and pelvis examinations [25-35]. The 

values of ESD calculated using the formula (2) were 

presented in Table 3 and Table 4. 

3  Results and Discussion 

The data obtained was analyzed using excel 2016 and are 

presented in Table 1 – 5. According to Table 1, the most 

frequent examination was the chest X-ray having 65%, and 

there was no any examination for pelvic. The females 

happened to have the highest number of chest X-ray 

examination than the men. In Table 2 it can be observe that 

chest X-ray having 29.4% is still the most frequently 

occurring type of examination, then follow by abdomen 

(23.5%) which is mostly carried out on females. In AP 

projection there was 1 examination for pelvic with men 

having 5.88%. Table 3 showed the number of patients 

undergoing LAT X-ray projection. The most frequent 

examination was the chest X-ray having 30.7%, and there 

was no any male examination for lumbosacral spine. The 

females (8) happened to have the highest number of LAT 

X-ray examination than the men (4). 

Table 4 showed the calculated values of the mean ESD for 

chest AP (0.6484 mGy), chest PA (0.3747 mGy), chest LAT 

(0.5269 mGy, abdomen AP (1.4905 mGy), cervical spine 

AP (0.4108 mGy), cervical LAT (0.2261 mGy), skull PA 

(1.7100 mGy), skull LAT (0.6465 mGy), lumbosacral spine 

AP (1.6889 mGy) and lumbosacral spine LAT (2.6865 

mGy) of female patients undergoing X-ray examination 

procedures in UMTH Maiduguri. The international 

standard reference values for International Atomic Energy 

Agency (IAEA) for chest PA is 0.2 mGy, abdomen AP is 

5.0 mGy, skull PA is 2.5 mGy, skull LAT is 1. 5 mGy, 

lumbosacral spine AP is 5.0 mGy and lumbosacral LAT is 

15.0 mGy. It can also be observed from Table 4 that the 

ESD values for female undergoing chest PA X-ray 

examination (0.3747 mGy) is higher than the diagnostic 

reference values given by IAEA but less than that of 

NRPB.  

Table 5 showed the calculated values of the mean ESD for 

chest PA (0.4515 mGy), chest LAT (0.7056 mGy), 

abdomen AP (0.7980 mGy), abdomen PA (0.3272 mGy), 

skull AP (0.9884 mGy), skull PA (1.0119 mGy), skull LAT 

(0.7290 mGy), pelvic AP (0.4612 mGy), lumbosacral spine 

AP (2.0436 mGy) and lumbosacral spine PA (1.5614 mGy) 

of male patients undergoing X-ray examination procedures 

in UMTH Maiduguri. Table 5 also showed that the mean 

ESD values for male undergoing chest PA X-ray 

examination (0.7056 mGy) is higher than the diagnostic 

reference values given by IAEA but less than that of 

NRPB. This does not have any significant health risk to the 

male undergoing X-ray procedures in UMTH.  
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Table 1: Relatives contributions of different X – ray examination for PA projection. 

 

Type of 

Examination 

Projectio

n 

Patients age (years) No. of patient 
Total 

Frequency of 

the exams (%) Range Median Male Female 

Abdomen PA 25-47 36 02 00 02 10 

Chest PA 21-47 34 04 09 13 65 

Lumbosacral spine PA 21-47 34 01 00 01 05 

Skull PA 25-47 36 03 01 04 20 

Total 10 10 20  

 
Table 2: Relatives contributions of different X – ray examination for AP projection. 

 
 

Type of 

Examination 
Projection 

Patients age (years) No. of patient 
Total 

Frequency of 

the Exams (%) 
Range Median Male Female 

Abdomen AP 21-48 35 2 2 4 23.5 

Chest AP 25-47 36 0 5 5 29.4 

Pelvic AP 25-47 36 1 0 1 5.88 

Cervical spine AP 21-47 34 1 2 3 17.6 

Lumbosacral spine AP 21-47 34 1 1 2 11.7 

Skull AP 25-47 36 2 0 2 11.7 

Total 7 10 17  
 

Table 3: Relatives contributions of different X – ray examination for LAT projection. 

 

Type of 

Examination 
Projection 

Patients age (years) No. of patient 
Total 

Frequency of 

the Exams (%) Range Median Male Female 

Chest LAT 21-47 34 2 2 4 30.7 

Cervical spine LAT 21-47 34 1 2 3 23.1 

Lumbosacral spine LAT 21-47 34 0 3 3 23.1 

Skull LAT 25-47 36 2 1 3 23.1 

Total 4 8 13  
 

Table 4: The mean value of X-ray examination procedures for female. 

 

Type of Examination Projection 
Mean Values 

Mean ESD (mGy) 

kVp mAs FSD (cm) 

Chest AP 76.75 18.20 123.75 0.6484 

Chest PA 73.00 13.72 134.44 0.3747 

Chest LAT 80.00 20.00 150.00 0.5269 

Abdomen AP 82.00 18.00 90.00 1.4905 

Cervical spine AP 67.00 8.67 90.00 0.4108 

Cervical spine LAT 69.00 8.00 120.00 0.2261 

Skull PA 90.00 20.00 90.00 1.7100 

Skull LAT 70.00 12.50 90.00 0.6465 

Lumbosacral spine AP 80.00 25.00 90.00 1.6889 

Lumbosacral spine LAT 94.50 28.50 90.00 2.6865 
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Table 5: The mean value of X-ray examination procedures for male. 

 

Type of Examination Projection 

Mean Values 
Mean ESD 

(mGy) kVp mAs FSD 

(cm) 

Chest PA 75.5 14.90 132 
0.4515 

Chest LAT 69.0 16.00 100 
0.7056 

Abdomen AP 80.0 18.00 120 
0.7980 

Abdomen PA 67.5 11.25 125 
0.3272 

Skull AP 85.0 16.00 100 
0.9884 

Skull PA 80.2 18.40 100 
1.0119 

Skull LAT 73.0 16.00 100 
0.7290 

Pelvic AP 68.0 10.00 100 
0.4612 

Lumbosacral spine AP 88.0 25.00 90 
2.0436 

Lumbosacral spine PA 86.0 20.00 90 
1.5614 

 
Table 6: The ESD (mGy) values recommended by the relevant organizations. 

 

Type of Examination/ 

Projection Position 

The Mean Entrance Surface Dose (mGy) 

This Study Organization with Reference Dose Levels 

Female 

(mGy) 

Male 

(mGy) 

NRPB 

[18] 

UK 

[19] 

EC 

[20] 

IAEA 

[21] 

IPSM 

[22] 

Chest AP 0.6484 0.4515 - 0.15 - - - 

Chest PA 0.3747 0.7056 2.0 0.15 0.3 0.2 0.3 

Chest LAT 0.5269 - - 0.5 1.5 - 1.5 

Abdomen AP 1.4905 0.7980 - 4.00 10 5.0 - 

Abdomen PA - 0.3272 - 4.00 - 4.0 - 

Pelvic AP - 0.4612 4.0 4.00 4.0 5.0 - 

Cervical spine AP 0.4108 - - - - - - 

Cervical spine LAT 0.2261 - - - - - - 

Skull AP - 0.9884 5.0 - 5.0 - 5.0 

Skull PA 1.7100 1.0119 3.0 1.8 - 2.5 5.0 

Skull LAT 0.6465 0.7290 1.5 1.1 3.0 1.5 3.0 

Lumbosacral spine AP 1.6889 0.4612 6.0 5.7 10 5.0 - 

Lumbosacral spine PA - 2.0436 - 5.7 - - - 

Lumbosacral spine LAT 2.6865 1.5614 14.0 10.0 30 15 - 

Note: - indicates data not available 
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Figure 1 showed that the international standard reference 

values for National Radiation Protection Board (NRPB) for 

chest PA is 2.0 mGy, pelvic AP is 4.0 mGy, skull AP is 5.0 

mGy, skull PA is 3.0 mGy, skull LAT is 1.5 mGy, 

lumbosacral spine AP is 6.0 mGy and lumbosacral spine 

LAT is 14.0 mGy. The mean ESD values for chest, 

abdomen, cervical spine, skull and lumbasacral spine 

measured for female undergoing X-ray procedures in 

UMTH were generally lower than the guidance given by 

NRPB, UK, EC, IAEA and IPSM. Thus, there is no any 

significant health risk to the female undergoing X-ray 

procedures in UMTH.   

It can be seen from Figure 1 that the international standard 

reference values for International Atomic Energy Agency 

(IAEA) for chest PA is 0.2 mGy, abdomen AP is 5.0 mGy, 

skull PA is 2.5 mGy, skull LAT is 1.5 mGy, pelvic AP (5.0 

mGy), lumbosacral spine AP is 5.0 mGy and lumbosacral 

spine LAT is 15.0 mGy. The international standard 

reference values for National Radiation Protection Board 

(NRPB) for chest PA is 2.0 mGy, pelvic AP is 4.0 mGy, 

skull AP is 5.0 mGy, skull PA is 3.0 mGy, skull LAT is 1. 5 

mGy, pelvic AP is 4.0 mGy, lumbosacral spine AP is 6.0 

mGy and lumbosacral spine LAT is 14.0 mGy. In general, 

the mean ESD values for chest, abdomen, cervical spine, 

skull and lumbasacral spine measured for male undergoing 

X-ray procedures in UMTH were lower than the guidance 

given by NRPB, UK, EC, IAEA and IPSM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4  Conclusions 

The results presented in this research work indicate that the 

mean ESD values measured for X-ray radiation received by 

patients undergoing X-ray examination in UMTH using a 

conventional X-ray machine, ranges from 0.2261 mGy for 

cervical spine LAT to 2.6865 mGy for lumbasacral spine 

LAT for female patient and ranges from 0.372 mGy for 

abdomen PA to 2.0436 mGy for lumbasacral spine PA for 

male patient. These values were much lower compare to 

guidance levels set by radiation protection bodies. Thus, 

there is no any significant health risk to the female and 

male patient underwent X-ray procedures in UMTH. This 

information would be beneficial to improve the practice 

with technical parameters and the quality assurance in 

optimizing the dose received by patients during X-ray 

examination. The knowledge of the radiation dose received 

by the patient during the radiological examination is also 

essential to prevent health risks of X-ray exposures. 
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