
http://fampo-africa.org 
 

AJMP 2018, Vol. 1, Number 1 58  

 

fAMPo 
Federation of African 

Medical Physics 
Organizations  

 
 
 
 

Research Paper  

African Journal of Medical 
Physics 

2018; 1(1): 58-69. 

 

Radiation Doses Received By Adult Patients during 
Pelvic Radiographic Examinations in Selected Radio 
Diagnostic Centres within Lagos State, Nigeria 
Balogun A. Fatai1, Tchokossa Pascal2, Adeyemi O. Fredrick3,*, Olowookere J. Christopher4 

1. Centre for Energy, Research and Development, Obafemi Awolowo University, Ile-Ife, Nigeria  
2. Department of Physics and Engineering Physics, Obafemi Awolowo University, Ile-Ife, Nigeria 
3. Department of Radiology, Lagos State Teaching Hospital, Ikeja, Lagos, Nigeria 
4. Department of Physics, Ajayi Crowther University, Oyo, NIgeria 

 
5. * Corresponding authors: Dr. Adeyemi F.  O., Department of Radiology, Lagos State Teaching Hospital, Ikeja, Lagos, Nigeria. Tel: +2348166078481; E-

mail:  fredkayode@yahoo.com 

  
©  AJMP is the official journal of the Federation of African Medical Physics Organizations (FAMPO) . This is registered under Nigerian company number (CAC/IT/No 
54182). See http://fampo-africa.org terms for full terms and conditions. 

 

 
Abstract 

 
 

Quality Control test of facilities for radiodiagnosis and measurement of patient doses are essential in 
procedure optimization. The study aimed to conduct quality control tests and provide adult patient dose 
estimates for pelvis examination being carry out at 8 selected x-ray facilities in Lagos metropolis so as to 
provide an initial assessable indication of each site’s typically achievable radiation safety and quality 
standard. Exposure and machine parameters were used with Monte Carlo PCXMC software to estimate 
the mean doses delivered to 278 patients examined during routine radiodiagnostic examinations. Organ 
and effective doses were determined. Organs that received significant doses during the pelvic AP 
radiography are urinary bladder and ovaries. Ovaries received mean dose of 1135.1 ± 258 mGy and 
1429.6 ± 436 mGy for male and female respectively while urinary bladder received mean doses of 210.9 
± 99.0 mGy and 181.1 ± 71.2 mGy for male and female respectively during pelvic LAT. The significant 
doses received by these organs are attributable to their location in the pelvic region. The mean entrance 
surface air KERMA (ESAK) delivered to patient during pelvic lateral examination is greater by a factor of 
1.56 than the mean ESAK received during pelvis antero-postero procedure. The results of the study 
indicate that stochastic health effect of Mean dose to patients resulting from pelvis radiography is 
projection dependent. Female patients received higher effective dose than their male counterparts did.                                                                                                                          
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Introduction 
In clinical setting, ionizing radiation is used for both 
diagnostic and therapeutic purposes. However, in 
diagnostic radiology, conventional x-ray has been 
regarded as significant source of radiation exposure to 
the population [1]. This therefore calls for regular 
quality control tests and dose delivered be measured in 
order to ensure optimization and compliance with the 
recommendation of international regulatory bodies [2]. 
The Basic Safety Standard (BSS) of International Atomic 
Energy Agency has recommended optimization and 
justification of radiographic practice [3]. This is 

necessary because the main goal of Radiation protection 
is not only to minimize the stochastic risk but also to 
avoid deterministic injuries [4]. Application of the 
principle of justification during patient preparation and 
examination, minimize the undesirable radiation effects. 
Once an examination is justified, it is essential to ensure 
that all factors responsible for dose optimization should 
be taken into consideration and kept in check while 
maintaining quality image to ensure the goal of imaging 
a patient is achieved. To do this, exposure and machine 
parameters are selected to produce low dose and at same 
time obtain a quality image [5, 6]. 
In Nigeria, Male and female adults at one time or the 
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other undergo pelvic radiographic examinations. This 
could be as a result of back pain, waist pain or some 
ailments in the lower abdomen. Some organs are 
exposed to radiation during pelvic radiography. These 
include the gonads and digestive intestine [7]. One of 
the postulates of risk projection models shows that the 
hereditary risk is more pronounced in pelvic 
radiography than any other procedure [8]. So, 
appropriate shielding during pelvic procedure is one of 
the effective ways of reducing dose to critical organs. 
This study conducted quality control test of eight 
facilities in six radiodiagnostic centres in Lagos State. It 
aims to determine both organ and effective doses 
during pelvic AP and LAT examinations. 

 

Materials and Methods 
The study was carried out in six x-ray radio diagnostic 
centres using eight different x-ray facilities. The six 
centres are: Lagos State University Teaching Hospital 
(LSUTH-2 units), Ifako Ijaye General Hospital (IIGH-2 
Units), Alimosho General Hospital (AGH-1 Unit), Orile 
Agege General Hospital (OAGH-1 Unit), Gbagada 
General Hospital (GBGH-1 Unit), (FANIC.R (1 Unit). 
These consist of one private hospital and five public 
owned hospitals. The choice criterion of the centres is 
based on the workload, area of location and their 
continuous involvement for healthcare delivery 
programme and policy. 

Quality Control Tests and Radiation Output 
Measurement  

The QC of the facilities was conducted using non-
invasive pre-calibrated QC kit (kV-metre NEROTM 
6000M, from Victoreen, INC, Cleveland Ohio, USA. The 
device was used to test the linearity and reproducibility 
of kVp and timer. The accuracy and reproducibility of 
the kVp and timer were determined based on IPEM 
(2005) approved techniques [10]. The beam alignment 
was measured using coin method. 

Dose Measurement  

Free-in-air measurement of radiation output was 
carried out using NEROTM 6000M, placed at a distance 
of 100 cm from the X-ray tube. The free-in-air 
measurements of radiation output were done by 
varying the voltage from 50 kVp to 140 kVp at 
constant tube load of 10 mAs. The outputs measured 
mR were converted to milligray using a conversion 
factor of 8.73 x 10-3. For   the purpose dose 
measurement, radiation output of the machines was 

determined, using normalized tube potential of 80 kV 
and tube load of 10 mAs (x-ray machine reproducibility 
checking). The choice was made because it is assumed 
that the potential across X-ray tube and the anode 
current are highly stable at this voltage [11]. The output 
at 80 kV was normalized to 10 mAs as shown in 
equation (1) [12]. This was used to estimate incident air 
kerma (𝒌𝒊𝒂,) alongside with tube load and patient’s 
focus to skin distance (FSD) recorded during patient 
clinical examination. 

𝒌𝒊𝒂 = 𝑫𝒐 '
𝒎𝑮𝒚
𝒎𝑨𝒔

- . 𝑸(𝒎𝑨𝒔)(𝟏𝟎𝟎
𝑭𝑺𝑫

)𝟐        (1) 

where 𝑫𝒐 '
𝒎𝑮𝒚
𝒎𝑨𝒔

- is the x-ray machine output, 𝑸(𝒎𝑨𝒔) is 
tube load selected during exposure, and  𝑭𝑺𝑫 is the focus 
to surface distance. 

The ESAK was obtained from incident air kerma (IAK). 
The IAK (𝒌𝒊𝒂) was multiplied by backscatter factor, f 
(equation (2))  

𝑬𝑺𝑨𝑲 = 𝒌𝒊𝒂. 𝒇     (2) 

where ESAK is the Entrance surface air KERMA. Dose 
to organ exposed due to pelvic radiography and the 
effective dose to patients were determined using Monte 
Carlo PCXMC version 2.0.1, program based software 
designed for this purposed. 

Therefore, total number of 278 patients, with 110 males 
and 168 females were considered in this study. The age 
range of patients investigated during studied is 18-71 
year (mean age of 42 years) and the range and mean 
weight of the patients were 43-104 kg and 69 kg 
respectively. During the investigation, patients randomly 
exposed for both anteroposterior (AP) and lateral (LAT) 
of pelvic procedure were considered for the study. 

 

Results  
Table 1 shows the model of machine, year of 
manufacture, total filtration of the machine and the 
screen-film used in different hospitals. The filtration of 
seven out of eight machines satisfied the minimum 
filtration requirement of 2.5 mm Al for a unit operating 
at a peak voltage of 70 kVp [13, 14]. The low filtration 
could contribute to patient dose. The filtration of the 
beam in FANIC-R requires additional filtration to 
reduce unwanted radiation delivered to the patient 
body. 400 Green/Green is the film-screen combination 
used in all cases. The machines performance as at the 
time of this study was adequate. 

 
 

Table 1. X-ray facilities specific data  
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Centres Machine Serial No. Machine Model No. Year of 

Manufacture 

Total Inherent 

filtration (mmAl) 

LSUTH1 AM7454L6 

(020A/12740) 

AVEW2930RB2-D2 11-2006 2.5 

IIGH1 2018 A6861-01 03-2007 2.5 

AGH 2018 A6861-01 03-2007 2.5 

 

 

 

 

OAGH W4B15Z2213 IME-100L 12-2015 2.7 

GBGH 1121 10093895 02-2007 2.5 

IIGH2 W4B15Z2220 IME-100L 12-2015 2.7 

LASUTH2 W4B15Z2208 IME-100L 12-2015 2.7 

FANIC.R 954217WK6 2236420-2 06-2000 0.7* 

* Lower than the minimum acceptable filtration of 2.5 mm Al. 

 

Table 2. Quality control test results of the x-ray machines  

CENTRE REPRODUCIBILITY (%) LINEARITY (%) ACCURACY LIGHT/BEAM 
ALIGNMENT 

BEAM 
QUALITY 
at 80kVp 

 Output kVp Timer Outpu
t 

Curren
t 

kVp Time
r 

  

LSUTH. 1 0.003 

(0.3%) 

0.004 

(0.4%) 

0.004 

(0.4%) 

0.005 

(0.5%) 

0.006 

(0.6%) 

-0.02 -0.01 1.20Cm _ 

IIGH. 1 0.006 

(0.6%) 

0.004 

(0.4%) 

0.000 

(0.0%) 

0.003 

(0.3%) 

0.006 

(0.6%) 

-0.02 -
0.005 

0.85Cm 3mm 

AGH 0.001 

(0.1%) 

0.002 

(0.2%) 

0.001 

(0.1%) 

0.001 

(0.1%) 

_ 0.04 0.05 0.75Cm _ 

LSUTH.2 0.004 

(0.4%) 

0.002 

(0.2%) 

0.002 

(0.2%) 

0.001 

(0.1%) 

0.01 

(1.0%) 

0.02 0.01 1.05Cm _ 

IIGH. 2 0.004 

(0.4%) 

0.003 

(0.3%) 

0.000 

(0.0%) 

0.009 

(0.9%) 

0.009 

(0.9%) 

0.03 0.08 1.38Cm 2.7mm 

OAGH 0.009 

(0.9%) 

0.002 

(0.2%) 

0.002 

(0.2%) 

0.004 

(0.4%) 

_ -0.02 -
0.074 

1.84Cm 3.0mm 

 GBGH 0.002 

(0.2%) 

0.002 

(0.2%) 

0.0005 

(0.05%) 

0.001 

(0.1%) 

0.001 

(0.1%) 

-0.06 -
0.002 

1.28Cm _ 

 FANIC.R 0.007 

(0.7%) 

0.002 

(0.2%) 

0.01 

(1.0%) 

0.02 

(2.0%) 

_ 0.07
* 

-0.03 1.44Cm ≥3.8mm 

          

ACCEPT
ABLE 
DEVIATI
ON (%) 

≤ 0.05a ≤ 0.05b,a ≤ 0.05b,a ≤ 
0.05b,a 

≤ 0.1a, b ≤ ± 
0.06a, 

b 

≤ 
±0.1b,

a 

≤ ± D 
(D=2.7cm)c 

Not 
Available 

a [16],   b [10],   c [15] 
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Table 3. Distribution of patients according to centres  

Centre Male Female Total 

OAGH 30 40 70 

LSUTH 35 45 75 

HIGH 20 33 53 

AGH 10 18 28 

GBGH 8 17 25 

FANIC.R 7 15 22 

Total 110 168 278 

 

Table 4. Exposure parameter selected for routine pelvis AP procedure at different centres.  

Centres Exposure Parameters AP Procedure 

X ± SD (Range) Range Factors 

 

OAGH. 

kVp 

mAs 

FFD (cm) 

FSD (cm) 

Field Size (cm2)  

88.7 ± 0.7 (86-90)* 

35.4 ± 0.7 (32-40)* 
110 ± 0.0 (110-110) 

87.7 ± 0.6 (83.6-93.0) 

1561.0± 66.5 (1430-1607) 

1.05 

1.25 

1.00 

1.11 

1.12 

 

LSUTH. 1 

kVp 

mAs 

FFD (cm) 

FSD (cm) 

Field Size (cm2)  

70.5±1.2 (65-74)+ 

40.3±0.3 (40-42)* 

100.0±0.0 100-100) 

76.9±0.4 (74-78) 

1383.1±50.2 (1225-1433) 

1.14 

1.05 

1.00 

1.05 

1.17 

LSUTH. 2 kVp 

mAs 

FFD (cm) 

FSD (cm) 

Field Size (cm2)  

85.4±1.4 (80-90)* 

34.2±0.6 (32-40)* 
110±0.0 (110-110) 

86.2±0.4 (83.2-89.3) 

1614.9±76.7 (1439-1622) 

1.13 

1.25 

1.00 

1.07 

1.13 

IIGH. 1 kVp 

mAs 

FFD (cm) 

FSD (cm) 

Field Size (cm2)  

102.7±2.4 (98-110)* 
85.3±4.8 (75-93)* 

109.0±1.0 (100-120) 

84.8±1.5 (82.7-89.0) 

1437.4±2.4 (1225-1505) 

1.12 

1.24 

1.20 

1.08 

1.23 

IIGH.2 kVp 

mAs 

FFD (cm) 

FSD (cm) 

Fieldsize(cm2)  

99.0±1.0 (96-100)* 

20.0±0.0 (20-20) + 

120.0±0.0 (120-120) 

99.0±3.3 (95-106) 

1221±209.0 (1050-1505) 

1.04 

1.00 

1.00 

1.12 

1.43 

AGH. kVp 

mAs 

FFD (cm) 

FSD (cm) 

Field Size (cm2)  

88.5±3.2 (80-93)* 
40.0±0.0 (40-40)* 

105.0±0.0 (105-105) 

80.6±1.3 (77-83) 

1505.0±0.0 (1505-1505) 

1.13 

1.00 

1.00 

1.08 

1.00 

GBGH. kVp 

mAs 

FFD (cm) 

FSD (cm) 

Field Size (cm2)  

83.3±0.8 (81-90)* 

36.2±1.2 (25-45)* 
100.0±0.0 (100-100) 

80.0±0.4 (78.5-81) 

1505±0.0 (1505-1505) 

1.11 

1.80 

1.00 

1.03 

1.00 

FANIC.R kVp 

mAs 

FFD (cm) 

FSD (cm) 

Field Size (cm2) 

81.5±1.0 (76-90)* 
35.1±1.1 (32-40)* 

110±0.0 (110-110) 

85.7±0.1 (83.3-88.5) 

1278.9±69.9 (1225-1505) 

1.18 

1.25 

1.00 

1.06 

1.23 

*indicates high kVp and mAs, +low dose kVp and mAs 
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Table 5. Exposure parameter selected for routine pelvis LAT procedures at different centres.  

Centres Exposure Parameters LAT  Procedure  

X ± SD (Range) Range Factors 

 

OAGH. 

kVp 

mAs 

FFD (cm) 

FSD (cm) 

Field Size (cm2)  

88.2±1.2 (86-90)* 

35.4±0.7 (32-40)* 

110±0.0 (110-110) 

78.1±0.5 (73.2-84.5) 

627.2±34.4 (579.1- 673.1) 

1.05 

1.25 

1.00 

1.15 

1.16 

 

LSUTH. 1 

kVp 

mAs 

FFD (cm) 

FSD (cm) 

Field Size (cm2)  

73.8±0.5 (70-77)+ 

40.4±0.4 (40-45)* 

100.0±0.0 (100-100) 

62.3±0.5 (60.3-65.5) 

1176.6±19.5 (1050-1225) 

1.10 

1.13 

1.00 

1.09 

1.17 

LSUTH. 2 kVp 

mAs 

FFD (cm) 

FSD (cm) 

Field Size (cm2)  

91.9±0.2 (85-100)* 

40.0±0.0 (40-40)* 

110.0±0.0 (110-110) 

75.2±0.2 (71.4-78.8) 

1024.5±1.5 (836-1248.6) 

1.18 

1.00 

1.00 

1.10 

1.50 

IIGH. 1 kVp 

mAs 

FFD (cm) 

FSD (cm) 

Field Size (cm2)  

85.9±5.5 (78-95)* 

83.2±3.25 (78-90)* 

109.0±1.0 (100-120) 

67.1±4.3 (61.3-73.5) 

847.5±97.5 (750-1050) 

1.22 

1.15 

1.20 

1.20 

1.40 

IIGH.2 kVp 

mAs 

FFD (cm) 

FSD (cm) 

Fieldsize(cm2)  

110.0±3.9 (100-120)* 

20.0±0.0 (20-20)+ 

120.0±0.0 (120-120) 

89.9±3.4 (84.5-95.8) 

993.5±18.5(942.5-1076.3) 

1.20 

1.00 

1.00 

1.13 

1.14 

AGH. kVp 

mAs 

FFD (cm) 

FSD (cm) 

Field Size (cm2)  

90.2±0.2 (85-95)* 

37.4±2.7 (35-40)* 

107.5±2.5 (105-110) 

70.3±2.0 (67.5-75.0) 

750.0±0.0 (750-750) 

1.09 

1.14 

1.05 

1.11 

1.00 

GBGH. kVp 

mAs 

FFD (cm) 

FSD (cm) 

Field Size (cm2) 

87.8±2.2 (77-90)* 

71.0±3.3 (40-100)* 

100.0±0.0 (100-100) 

64.0±1.3 (60.5-67.1) 

750.0±0.0 (750-750) 

1.17 

2.50 

1.00 

1.11 

1.00 

FANIC.R kVp 

mAs 

FFD (cm) 

FSD (cm) 

Field Size (cm2) 

84.4±0.6 (80-90)* 

40.0±0.0 (40-40)* 

109.4±0.6 (105-110) 

75.7±0.3 (70.7-78.5) 

857.8±12.0 (761.6-892.5) 

1.13 

1.00 

1.05 

1.11 

1.17 

*indicates high kVp and mAs, +low dose kVp and mAs 
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Table 6 . Calculated mean entrance surface air-Kerma (ESAK) across centres studied (pelvis AP)    

Centres Statistical 
Tools 

ESAK (AP) (mGy) 

M F 

OAGH X±SD 
Range 

 

3.090±0.01 
(2.55-3.74) 

 

3.163±0.04 
(2.48-3.85) 

 

LSUTH.1 X±SD 
Range 

 

*5.407±0.06 
(3.94-6.76) 

 

*5.507±0.05 
(4.09-6.62) 

 

LSUTH.2 X±SD 
Range 

 

3.190±0.10 
(2.86-3.89) 

 

3.039±0.06 
(2.70-3.77) 

 

IIGH.1 X±SD 
Range 

*7.482±0.43 
(5.66-8.41) 

 

*6.673±0.39 
(5.440-7.59) 

 

IIGH.2 X±SD 
Range 

 

+1.472±0.10 
(1.46-1.49) 

 

+1.300±0.09 
(1.20-1.39) 

 

AGH X±SD 
Range 

3.663±0.04 
(2.86-3.97) 

 

3.579±0.05 
(2.94-4.17) 

 

GBGH X±SD 
Range 

 

2.990±0.08 
(2.73-3.35) 

3.132±0.06 
(2.82-3.31) 

 

FANIC.R X±SD 
Range 

 

2.361±0.08 
(2.04-2.69) 

 

2.222±0.06 
(1.940-2.75) 

 

*indicates high dose, +low dose 

 

 

Table 7 . Calculated mean entrance surface air-kerma (ESAK) across centres studied for pelvis LAT    

Centres Statistical Tools ESAK (LAT) (mGy) 

M F 

OAGH X±SD 
Range 

 

3.818 ± 0.110 
(3.20-5.01) 

 

4.103 ± 0.210 
(3.02-.01) 

 

LSUTH.1 X±SD 
Range 

 

*8.224 ± 0.010 
(7.72-9.63) 

 

*8.267 ±0.030 
(7.53-8.96) 

 

LSUTH.2 X±SD 
Range 

 

4.811 ± 0.040 
(4.54-5.25) 

 

4.753 ± 0.020 
(4.35-5.29) 

 

IIGH.1 X±SD 
Range 

*8.259 ± 0.500 
(7.71-8.56) 

*9.238 ± 0.480 
(8.25-9.73) 

 

IIGH.2 X±SD 
Range 

 

+1.813 ± 0.120 
(1.73-1.89) 

 

+1.563±0.140 
(1.47-1.65) 

 

AGH X±SD 
Range 

4.891 ± 0.130 
(3.89-5.44) 

 

5.250±0.230 
(4.71-5.83) 

 

GBGH X±SD 
Range 

 

*8.596 ± 0.960 
(8.01-9.41) 

 

*10.232±0.680 
(9.50-10.99) 

 

FANIC.R X±SD 
Range 

 

3.332 ± 0.020 
(3.24-3.43) 

 

3.434±0.060 
(3.11-4.64) 

 

Overall Mean ESAK (mGy) X±SD 
Range 

 

5.47 ± 2.58 
(1.73-9.63) 

 

5.86±1.06 

(1.47-10.99) 
 

*indicates high doses and + low doses 
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Table 8 . Average effective doses estimated for pelvis (AP and LAT.) examination by sex using Monte Carlo PCXMC (version 2.0.1) 
across the centres of study, with standard deviation and the range factor across the mean values. 

CENTRES PCXMC. 2.0.1 (ICRP,103 publication) PCXMC.2.0.1 (ICRP. 103 publication) 

 AP LAT 

M F F M 

OAGH 0.2441±0.00 0.2887±0.01 0.042±0.001 0.039±0.001 

LSUTH 1 0.3601±0.01 0.3805±0.01 0.070±0.004 0.068±0.004 

LSUTH 2 0.2527±0.01 0.2394±0.00 0.058±0.002 0.062±0.003 

IIGH 1 0.9311±0.02 0.8358±0.01 0.049±0.002 0.100±0.004 

IIGH 2 0.1259±0.00 0.1083±0.00 0.027±0.001 0.030±0.001 

AGH 0.3002±0.01 0.2911±0.01 0.037±0.002 0.051±0.002 

GBGH 0.2319±0.01 0.2665±0.01 0.094±0.004 0.093±0.002 

FANIC.R 0.1932±0.00 0.1649±0.01 0.046±0.002 0.038±0.002 

Overall Mean 0.3299±0.25 0.3219±0.224 0.05287±0.02111 0.06012±0.0258 

Range (0.12-0.93) (0.11-0.84) (0.027-0.094) (0.030-0.100) 

    

Table 9 . Comparison of overall mean effective dose for all centres with equivalent Chest radiograph based on chest radiograph of 0.05 
mSv. 

Pelvis AP Effective 

Dose (mSv) 

Equivalent Chest 
radiograph based on 

0.05mSv 

Pelvis LAT Effective  Dose 
(mSv) 

Equivalent Chest radiograph based on 
0.05 mSv 

0.3299±0.250 (M) ≈7 0.05287±0.0211(M) 1 

0.3219±0.224 (F) ≈ 6 0.06012±0.0258 (F) 1 

0.9311±0.02 

(M-IIGH) 

≈19 - - 

0.8358±0.01 

(F-IIGH) 

≈ 17 - - 

 

 
Figure 1: Linearity of LSUTH.1 X-ray tube output with tube potential (3-phase x-ray machine) 
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Figure 2. Incident air kerma curve for LSUTH.1 x-ray machine with current-time product (mAs) values of 10 and 20 mAs. 

 

 
 

Figure 3. Patients data across the centres of Study 

 

50, 2.93
60, 4.08

70, 5.4
80, 6.89

90, 8.54
100, 10.28

110, 11.92
120, 14.11

50, 5.5

60, 8.1

70, 10.46

80, 13.48

90, 16.59

100, 20.02

110, 23.5

120, 26.7

0

5

10

15

20

25

30

0 20 40 60 80 100 120 140

M
ac

hi
ne

 E
ffi

ca
cy

 (m
R/

m
As

)

TUBE POTENTIAL (kVp)

LASUTH(10)

LASUTH(20)

43.7 39.8 46 43.6 43.1 45

71.2 73.5 71 72.6
62.2 66.8

168.3 166.7 170.8 166.4 164.2 162.1

26.8 23.5 24.1 26.2 23.1 25.5

0
20
40
60
80

100
120
140
160
180

LASUTH IIGH AGH OAGH GBGH FANIC.R

Age (Yrs) Weight(Kg) HEIGHT(cm)     BMI(kg/m²)



http://fampo-africa.org 
 

AJMP 2018, Vol. 1, Number 1 66  

 

 
Figure 4: Estimated organ doses by gender due to pelvis AP examinations 

 

 
Figure 5. Organ doses to patients by gender due to pelvic LAT examination 
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investigation. 
Figure 1 is the plot of machine output against the tube 
potential for a three-phase machine in LSUTH. The 
relationship between the two parameters assumes a 
linear equation of the form in equation 3.  
Eo= 0.0013 V - 0.0418    (3) 
where Eo is the machine efficacy in mGy/mAs and V, 
(kVp) is the tube potential measure at 10 mAs.  
This equation is machine specific and can be used to 
estimate patient dose after the calibrations of a 
machine. After each calibration, the quality control 
test should be performed to determine the relation in 
equation 3. 
Figure 2 is also the plot of X-ray tube efficacy versus 
tube potential at different tube loads (10 and 20 mAs). 
The red curve is that obtained at 20 mAs, while the 
blue curve is at 10 mAs. This graph indicates that 
almost twice the tube efficacy for 10 mAs were 
obtained for 20 mAs, (Linearity definition) at the same 
tube potential, for example, the differences in efficacy 
of the machine at the same tube potentials but 
different tube load is as follows: 50 (2.57 mR/mAs), 60 
(4.02 mR/mAs), 70 (5.06 mR/mAs), 80 (6.59), 90 
(8.05). The difference increases as the voltage 
increases. This is the reason the choice of the two 
parameters should be carefully done to avoid 
unnecessary dose to the patient during examination. 
Radiologist and Radiographers are well trained on 
this appropriate matching value’s selection. 
Figure 3 is the plot of the mean patient data (Age, 
Weight, Height and Body Mass Index-BMI) recorded 
at different centres investigated. The mean age of 
adult patient examined, ranges between 39.8 and 46.0 
years. These mean age fell within the age group of the 
working class in Nigeria [17]. This results, therefore is 
in agreement with the literature, which indicates that 
the most productive age group were being exposed to 
ionizing radiation. It is essential to ensure that doses 
delivered to the patients should be optimized and 
population dose should be reduced through the 
proper selection of exposure parameters. Analysis of 
epidemiological data based on linear, no- threshold 
(LNT) model has shown that for radiation exposure in 
the middle age, most radiation-induced cancer risk do 
not, as often assumed, decrease with exposure [18], 
therefore exposure of member of the public should be 
handled with care. 
Meanwhile, the mean weights of the patient range 
from 60.2 to 73.5 kg. The result of the mean weight of 
patient examined in LSUTH, IIGH, AGH and OAGH 
fall within the weight of a Reference Man (≈70 kg).  
Therefore, data collected in this study could be used 
to determine local reference level within Lagos State 
for both pelvis PA and LAT, if adequate consideration 
is given for further review. The mean height also fall 
within 162.1 and 170.8 cm, and the body mass index 

(BMI) ranges between 23.1 and 26.8 kg/m2, showing 
that the mean BMI of patients examined is higher than 
the average value for Nigeria, that is 22.88 kg m-1 [19].  
Selection of exposure parameter during the exposure of 
pelvis region should be based on BMI or patient 
thickness. 
Table 4 and Table 5 show the results of exposure 
parameters and the field sizes used during the 
examinations at different centres investigated for pelvis 
AP and LAT respectively.  
Table 4 show that both mean tube potential (kVp) and 
tube load (mAs) selected during pelvis AP examination 
are higher than the NRPB-HPA [20] values [73 (62-92) 
kVp , 33 (1-40) mAs] as shown in bold star type. The 
kVp and mAs values selected at the six centres are 
greater than the NRPB-HPA values by factors which 
range between 1.1 and 1.4, and 0.6 and 2.54 respectively. 
Excessively high kVp and mAs used in IIGH.1 could 
affect the image contrast and quality. The selection of 
high kVp could be attributed to (i) the experience of the 
Radiographer (ii) the size of the patient; here the mean 
BMI is greater than mean BMI for Nigeria (iii) nature of 
the film used (iv) the nature of the film-processing 
chemical. 
Table 5 data for comparison in pelvis LAT was not 
available in NRPB document. However, the mAs 
selected are higher in IIGH1 (83.2 mAs) and GBGH (71.0 
mAs). Generally, IIGH.2 were observed to be more 
consistent in the  matching of  kVp and mAs during 
clinical examination and so, show evident of dose 
reduction, hence good practice observed. 
Table 6 and Table 7 are the mean entrance surface air 
kerma and range in parenthesis for the eight facilities 
studied in this work as calculated using equation 2. 
These parameters were determined using equation 2. 
The two tables show that higher doses are found in 
LSUTH-1 for both AP and LAT projections, that is, 
(Male-m-5.407, Female-f-5.507) mGy and (m-8.224, f-
8.267) mGy respectively. In IIGH1, pelvis AP and pelvic 
LAT are respectively (m-7.482, f-6.673) mGy and (m-
8.259, f-9.238) mGy. In addition, higher doses were 
found in GBGH LAT (m-8.8596, f-10.232) mGy. The 
mean values of ESAK recorded in eight centres studied 
in Lagos State indicate that pelvis AP and pelvis LAT 
for both male and female are (m- 3.71 ± 1.89, f-3.58 ± 
1.71) mGy and (m-5.47 ± 2.58, f-5.86 ± 3.06) respectively. 
Higher doses recorded in pelvis LAT could be 
attributed to the choice of the exposure parameter for 
thick lateral view of patient. 
The result obtained in pelvis AP LAT is comparable 
with NRPB-HPA value of 3.2 (0.8-83) mGy for a 
standard patient of weight close to 70 kg. However, the 
value recorded in LSUTH and IIGH are higher than 
NRPB value for both male and female by factors, which 
range between 1.80 and 2.49. The doses received by 
male and female in both pelvis AP and LAT are 
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comparable as seen in Tables 7 and 8. Owing to the 
location of pelvis, certain organs may be affected more 
than others during irradiation. It is therefore 
important that adequate caution be exercised to 
ensure that patients’ gonads of both male and female 
are shielded away from direct radiation beam. Table 8 
is the result of effective doses calculated using Monte 
Carlo (PCXMC 2.0.1) software for male and female 
based on ICRP, 103 documents [21, 22]. 
Table 8 was computed using a program based 
software (PCXMC; version 2.0.1) for individual 
patient exposed for this procedure. This software has 
provision for both ICRP 60 and 103 radiosensitivity 
values. So, estimation of effective dose based on this 
determined.  Average effective doses for reference 
individual male and female determined for each 
centre studied in line with ICRP 103 publication [21, 
22]. 
A comparison of the overall mean effective dose 
recorded in this study with equivalent number of 
chest radiographs based on 0.05 mSv per chest x-rays 
(ICRP 103) is shown in Table 9.  For pelvis AP, the 
number of equivalent chest radiographs for male and 
female are 7 and 6 respectively, while the pelvis 
lateral is equivalent to 1 chest radiograph.  This 
implies a good practice. However, the mean effective 
dose received in IIGH 1 is equivalent to about 19 and 
17 radiographs for male and female respectively.  
Subsection of the ICRP 103 publication agreed that 
adequate comparison be made on average effective 
dose estimate for reference individual person, using 
minimum effective dose average per chest x-ray 
(Eavg.= 0.05 mSv). This was then applied, as in 
columns 2 and 4 of Table 9. 
Figure 4 shows the distribution of organ doses during 
irradiation of patient. The figure shows different 
organs and the equivalent organ dose for each gender. 
It is evident from Figure 4 that ovaries and urinary 
bladder received the highest doses. 
Figure 5 shows the distribution of organ doses during 
irradiation of patient due to pelvic LAT examination. 
The figure shows different organs and the equivalent 
organ dose gender wise. 
Figure 4 shows that urinary bladder and ovaries 
(Gonads) are exposed to high doses of radiation for 
both male and female patients during pelvic AP. In 
Pelvic LAT (Figure 5), the organ exposed to higher 
dose was pelvis. 
 
 

Conclusion 
In this study, both quality control (QC) test and dose 
measurement were carried out with eight x-ray units 
in six x-ray centres within Lagos State, Southwestern, 

Nigeria. Result of the QC, shows that seven out of eight 
units were found to have total inherent filtration within 
the acceptable minimum value of 2.5 mm Al. Hence, 
additional filtration needed for such x-ray units. 
Moreover, the QC test shows result that fall within the 
set limit, in agreement with AAPM and IPEM 
recommended tolerance. The only exception to this is 
FANIC- R. The study showed that machine efficacy 
increased with increase in tube load (Linearity working 
definition). The mean values of kVp and mAs selected 
in this study are high compared to the mean values 
determined in NRPB-HPA document. Entrance surface 
air kerma calculated in this study show that higher 
doses were received by patient examined at LSUTH 
(pelvis AP and LAT), IIGH (pelvis AP and LAT) and 
GBGH (pelvis LAT) centres. Higher effective doses 
were delivered at IIGH 1 (pelvis AP) for both male and 
female patients. Generally, the effective doses recorded 
in pelvis AP are higher than those for pelvis LAT for 
both male and female patient. The organ dose 
calculated indicates that ovaries and urinary bladder 
received relatively high doses. 
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