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ABSTRACT 
Entrance skin doses (ESD) of adult patients undergoing posterior anterior (PA) chest x-ray were 
estimated in four (4) hospitals. A total of 182 patients’ data were collected in this study and a 
diavolt kV meter, calibrated weighting scale and measuring tape were used to collect the required 
data. The patient skin doses were determined using dos cal software which is based on the x-ray 
tube output and the radiographic exposure parameters of kVp, mAs and FSD. The result of the 
mean entrance skin dose ranged from 0.195mGy to 0.66mGy with three (3) of the studied 
hospitals H1 (0.195mGy), H2 (0.34mGy) and H3 (0.38mGy) all having values within the 
recommended reference level set by international bodies while H4 (0.66mGy) had value higher 
than the recommended reference level. Comparison was done with pervious work and the all 
show similar findings. 
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INTRODUCTION 
X-rays are ionizing radiation in the form of electromagnetic radiation and are transverse waves 
with very short wavelength about 10

-10
m. They are produced when a nucleus captures an electron 

and also when a high energy (or velocity electrons or beam of fast moving electron (cathode rays) 
strikes a metal target. X-ray production is the inverse of photoelectric effect (Ike, 2008). They are 
classified into hard and soft X-ray due to their penetrating ability.  
The adult body is composed of 70% water. When ionizing radiation interacts with the body, 
electrons are ripped from the water molecules. Ionizing radiation has the ability to affect the 
chemical state of a material and so cause changes which are biologically important. 
Radiation is the propagation of energy through matter in particulate and wave form (Cember & 
Johnson, 2009). The mechanism by which radiation causes damage to human tissue, or any other 
material, is the ionization of atoms of a medium. When a living cell absorbs ionizing radiation 
(such as X-ray); it estimated that there are four possible effects on the living cell which are: 
Effects on deoxyribonucleic acid (DNA): Any molecule in the cell may be altered by radiation, 
but DNA is the most critical biological target because of the limited redundancy of the genetic 
information it contains. An absorbed dose of radiation large enough to kill the average dividing 
cell 2 gray (Gy) is suffices to cause hundreds of lesions in its DNA molecules (Ward, 1988). 
Most such lesions are reparable, but those produced by a densely ionizing radiation (for example, 
a proton or an alpha particle) are generally less reparable than those produced by a sparsely 
ionizing radiation (for example, an X-ray or a gamma ray) (Goodhead, 1988). Densely ionizing 
(high LET) radiations, therefore, typically have a higher relative biological effectiveness (RBE) 
than sparsely ionizing (low LET) radiations for most forms of injury (ICRP, 1991).  
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Effects on genes: Damage to DNA that remains unrepaired or is miss-repaired may be expressed 
in the form of mutations, the frequency of which appears to increase as a linear, non-threshold 
function of the dose, approximately 10

–5
 to 10

–6
 per locus per Gy (National Research Council 

[NRC], 1990). The fact that the mutation rate appears to be proportional to the dose is interpreted 
to signify that traversal of the DNA by a single ionizing particle may, in principle, suffice to 
cause a mutation (NRC, 1990). In Chernobyl accident victims, the dose-response relationship for 
glycophorin mutations in bone marrow cells closely resembles that observed in atomic bomb 
survivors (Jensen, Langlois & Bigbee , 1995). 
Effects on chromosomes: Radiation damage to the genetic apparatus may also cause changes in 
chromosome number and structure, the frequency of which has been observed to increase with 
the dose in radiation workers, atomic bomb survivors, and others exposed to ionizing radiation.  
Effects on tissues: Mature, non-dividing cells are relatively radio resistant, but the dividing cells 
in a tissue are radiosensitive and may be killed in sufficient numbers by intensive irradiation to 
cause the tissue to become atrophic. The rapidity of such atrophy depends on cell population 
dynamics within the affected tissue; that is, in organs characterized by slow cell turnover, such as 
the liver and vascular endothelium, the process is typically much slower than in organs 
characterized by rapid cell turnover, such as the bone marrow, epidermis and intestinal mucosa 
(ICRP, 1984). The biological effects of radiation may be categorized into stochastic (somatic and 
genetic) effects and non- stochastic or deterministic effects.  
 

MATERIALS AND METHODS 
To estimate the ESD a diavolt kV meter, calibrated weighting scale and a measuring tape was 
used to measure the tube output of the x-ray machines, the patients’ weight and height. The 
entrance skin dose of the patients was estimated for 142 adult patients (18-95) year’s old 
undergoing posterior anterior (PA) chest examination. For each patient their demographic data 
(age, sex, weight and height) was collected and recorded and used to calculate their body mass 
index (BMI). The focus to film distance (FFD) and focus to skin distance (FSD) were measured 
for each patient during examination as they were being positioned for the examination. The 
exposure factors (kV and mAs) used for each patient was also recorded. Entrance skin doses 
(ESDs) was calculated using Dos Cal software  

 ESD =    (Suliman & Elshiekh., 2008)         (1) 

      Where: the output is in mGymAs
-1

 for the x-ray tube at 80 kV at a focus distance of 
 1 m normalized to 10 mAs and (BSF) the backscatter factor taken as 1.35 from the 
 European guideline 1996 and IAEA, 1996.  

 

RESULT  
Table 1 shows the patients’ demographic data with median values and ranges and Table 2 shows 
the exposure parameter for PA Chest examination with median values and ranges and Table 3 
shows the entrance skin doses (ESDs) of the present study, pervious works and international 
bodies.Figure 1 shows a bar chart representation of the ESDs of the study, pervious work and 
international bodies. 
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Table 1. Patients’ Demographic Data with Median Values and Ranges 

Hospitals  H1 H2 H3 H4 
Number of 
patients 

52  50 30 50 

Age(year) 37(21-85) 44 (18-90) 38(19-70) 48 (18-75) 
Weight(kg) 60 (40-80) 61(43-79) 60(39-83) 63 (53-95) 
Height(m) 1.62 (1.40-1.80) 1.63(1.52-1.82) 1.59(1.45-1.80) 1.68(1.50-1.85) 
BMI(kgm

-2
) 22.49 (18.69-29.38) 22.36 (18.11-29.02) 23.91(18.37-27.73) 23.96(18.13-29.78) 

 

Table 2.Exposure Parameter for PA Chest Examination with Median Values and Ranges  
Hospitals H1 H2 H3 H4 

FSD  89 (62-103) 142 (132-146) 73(62-90) 110 (100-120) 
kVp 75 (68-90) 70 (63-77) 71(50 -91) 87(66 -110) 
mAs 39.0 (30.0 - 42.0) 12.50 (6.30 -20.00) 50.6(50.2-100.2) 10.5(10.0 -12.0) 

 

Table 3. The Entrance Skin Doses (ESDs) of the present study, pervious works and 

international bodies 
Present study, Pervious Works and International Bodies ESDs Values (mGy) 

H1 0.195 
H2 0.34 
H3 0.38 
H4 0.66 
Obed et al, 2007 0.35 
Osman et al., 2010 0.23±0.4 
Dlama et al., 2014 0.50, 0.54 
Nijiti et al, 2014 1.08±0.43, 0.76±0.20 
Taha et al., 2016 0.126±0.027 
IAEA., 1996 0.40 
NRPB, 1999 0.30 
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Figure 1 A Bar Chart Representation of Entrance Skin Dose Values 

 
DISCUSSION 
A total of 182 data were collected from patients who were exposed for diagnostic x-ray during 
chest posteroanterior (PA) examination, those whose body mass index was greater than 30kgm

-2
 

were excluded from the calculation of ESD. Table 1 summarizes the patients’ demographic data 
collected from the four studied hospitals (H1, H2, H3 and H4), the ages ranged from 18 to 
90years while weight and height ranged from 39 to 95kg and 1.45 to 1.85m respectively. The 
summary of the exposure parameters is also shown on Table 2 with the range of selected kVp 
(50- 110) and mAs ranging from (10.0 -100.2). The entrance skin dose values for each studied 
hospital was determined using the dose calculation software as shown in equation (1) and  mean 
ESD values was compared with other pervious work related to the study and also with 
recommended diagnostic reference levels (DRLs) by professional bodies as shown in the Table 3. 
The mean entrance skin dose in mGy for the four studied hospitals was found to be 0.195 for H1, 
0.34 for H2, 0.38 for H3 and 0.66 for H4 respectively at a free air exposure (output) of 3.171x10

-2
 

μGy/mAs, 54.65 μGy/mAs, 4.93 μGy/mAs and 40.04 μGy/mAs. When compared with the dose 
reference level set by the international bodies, H1, H2 and H3 were all within the recommended 
level while H4 had a value higher than the recommended level. Also in comparison with pervious 
work done by Obed et al, Dlama et al and Nijiti et al within the southern and northern parts of 
Nigeria shows that the values obtained from both studies of Dlama et al and Nijiti et al was higher 
when compared with the recommended levels of IAEA and NRPB which in line with the finding 
in H4. Osman et al and Taha et al who also worked on ESD in Saudi Arabia and Egypt had values 
0.23±0.4 and 0.126± 0.027 respectively which were within the recommended value and also in 
line with finding from (H1, H2 and H4) the present study as shown in Figure1. In correspondent 
to the diagnostic reference levels (DRL) recommended by International Atomic Energy Agency 
(IAEA) and National Radiological Protection Board (NRPB), the variations in ESDs studied may 
be attributed to factors such as exposure parameters (kVp, mAs) and FSD (Taha et al, 2016).  
However, the relative high dosage level found in H4 could be attributed to another factor, such as 
the operator’s technique and lack of routine quality control checks on the x-ray machine. 
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