
1. Introduction

Assessment of patient doses in  diagnostic radiology
became  necessary, considering the health  risk asso-
ciated  with the use of ionizing radiation on   the
patients.[1,2] Diagnostic radiology imaging tech-
nique remain the  most    used    technique in   medi-
cal imaging despite recent   development of other
modern  imaging  especially in developing  coun-
tries.[2,3]. It is regarded as largest contributor to
the  population dose from man - made radiation
sources.[4-6]. Therefore, there is need to evaluate
risk associated with the use of ionizing radiation in
medical  imaging.

In 2007, International commission on Radio-
logical Protection (ICRP) [7] recommends the use of
effective dose to determine stochastic risk assess-
ment from non homogeneous radiation. Effective
dose is defined as the sum of the weighted equiva-
lent doses to organs. [7,8]  It was introduced to ex-
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press a radiation related detriment in situations
where dose to the patient is not uniform. The basic
aim is to express the risk from an exposure of a sin-
gle organ or tissue in terms of the equivalent risk
from an exposure of whole body.[9, 10].Effective
dose is considered a good  indicator of  radiological
risk but  it represent a generic estimate of risk from a
given procedure for a generic model of the human
body. [11, 12]

Effective dose can be estimated indirectly
from routine dose measurement using conversion
factors appropriate to the conditions of the exposure.
[13]. These coefficient can be estimated using Monte
Carlo simulation techniques or derived experimen-
tally on the basis of physical anthropomorphic phan-
toms.

The main aim of this study is to estimate the
effective dose to patients from measured entrance
surface dose (ESD) using  conversion coefficients
calculated by Monte Carlo methods.
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Abstract
Conventional diagnostic X-ray examination remains the most used diagnostic tool in developing countries like
Nigeria despite the technological advancement in other medical imaging technique in recent times. The need to
estimate the radiological risk associated with X-ray radiography cannot be over-emphasized. Effective dose
has been identified as a risk-weighted measure of radiation to organs and tissue in the body associated with
radiological examination. It is considered as good indicator of radiological risk. In the present study, effective
dose were estimated from entrance surface dose (ESD) measured using thermolumniscent dosimeter (TLD) in
eight hospitals in southern part of Nigeria. Eight radiological procedures such as: chest PA, abdomen AP, Pel-
vis AP, pelvis LAT, skull AP, skull LAT, lumbar spine AP and lumbar spine LAT were included in the study.
The  estimated effective dose ranged from 0.02 to 0.22mSv, 0.04 to 2.82mSv, 0.17 to 2.96mSv, 0.19 to
1.84mSv, 0.018 to 0.13mSv, 0.01 to 0.09mSv, 0.10 to 2.15mSv and 0.04 to 0.22mSv for chest PA, abdomen
AP, pelvis AP, pelvis LAT, skull AP, skull LAT, lumbar spine AP and lumbar spine LAT respectively. Gener-
ally the mean effective doses obtained from the present study were  comparable with what was obtained in the
earlier studies within Nigeria and other countries.
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2. Materials and Methods

The ESD of two hundred and sixty patients undergo-
ing diagnostic X – ray examinations in selected hos-
pitals in the southern part of Nigeria were measured
using Lithium Flouride thermoluminescent doseme-
ters LiF (TLD – 100).. The hospitals investigated in
this study are: Private Hospitals, State Hospitals,
University Teaching Hospitals and Federal Medical
center. The hospitals investigated include University
of Benin Teaching Hospital (UBTH) Benin – City,
University Teaching Hospital (UTH), Ado – Ekiti,
Oba Adenle Memorial Hospital (OAMH), Ilesa,
Obafemi Awolowo University Teaching Hospital
Complex (OAUTHC) Wesley Guild, Ilesa, Ayinke
Diagnostic Center (ADC), Ilesa, Federal Medical
Center (FMC), Ido Ekiti, Central Hospital (CH) Be-
nin – City, Ladoke Akintola University Teaching
Hospital (LTH), Osogbo.

A pair of highly – sensitive and tissue equiv-
alent LiF (TLD – 100) labeled dosemeters were
placed in the primary beam of X – ray where it inter-
cept the patient surface at a right angle to the irradi-
ated region of the patient during exposure of the pa-
tient to measure the ESD. TLD measurements, to-
gether with factors used in each case, were collected
for the posterior-anterior (PA) Chest, for anterior-
posterior (AP) Abdomen, Lateral (LAT), Pelvis, AP
Pelvis, Skull AP/PA, Skull LAT and Extremities
AP/LAT Examinations.

2.1 Preparation of TLD Chips and Calibration
Direct dose measurement was carried out using TLD
- 100™ (Lif; Mg, Ti) chips of dimension 3x3x1 mm
obtained from Stanford Dosimetry, LLC
(Bellingham, United States). A total of 100 chips
were acquired and pre- annealed using an oven ob-
tained from the Centre for Energy Research and De-
velopment (CERD), Obafemi Awolowo University,
Ile Ife to empty any residual electrons trapped in the
metastable state during the previous exposures. The
chips were annealed under the temperature of 400°
C for 1 hour and allowed to cool down in the oven
for between 17 hours. The chips were packed in
black polythene pouch to prevent the effect of visi-
ble light.

The chips were labeled for easy identification
and presented for calibration at the Secondary Stand-

ard Dosimetry Laboratory (SSDL) of National Insti-
tute for Radiation Protection and Research (NIRPR),
University of Ibadan. During the calibration, each
chip was exposed to a uniform radiation (80 kV), 1
mA, 142 s or 142 mA s and FSD of 200cm, dose
rate of 50.2 mGy hr1) in turn from a standard  unit.
The chips were taped to a water phantom placed at a
distance of about 200cm from the  focus before irra-
diated. During the calibration of the TLD chips, ele-
ment correction coefficients (ECC) and reader cali-
bration factors (RCF) were calculated using Harsaw
TLD Reader Model 4500 (manual) and WinRems
software (Saint - Gobain Crystals & Detector, Wer-
melskirchen, Germany). Golden chips (reference
chips) were selected and bad dosimeters were dis-
carded while the field dosimeter were made availa-
ble for use

2.2  The Quality Control Test.
The quality conttrol test (QC) for each machine was
carried out using QC kit (NEROTM 6000m, manu-
factured by victoreen, INC, Cleveland, Ohio, USA).
The QC test was carried out by positioning the QC
kit at the centre of the bean axes at focus to image
distance (FID) of 100cm [14]. Although 100cm FID
is a known and accepted distance used in most con-
ventional radiography studies depending on region
of the body to be imaged, the parameter that was
used to arrive at 100cm FID was from a study by
Welander and Wickman [15] who in their work de-
termined the mean energy imparted into a uniform
phantom. The QC test carried out on each machine
are: kVp accuracy, kVp reproducibility, time reci-
procity, exposure linearity and exposure reproduci-
bility. The results obtained were within the range
recommended by American Association of Physics
in medicine [16].

2.3 Effective Dose Estimation
In this study, the Effective Dose (E) was estimated
using NRPB – SR262 Monte Carlo Simulation  to
calculate effective dose from measured dose (ESD)
for each individual radiograph in each individual
examination. NRPB – SR262 Monte Carlo simula-
tion data were calculated by the National Radiologi-
cal Board (NRPB) of the UK using Monte Carlo
techniques on a mathematical hermaphrodite phan-
tom [17].



3. Results and Discussions

In this study 720 adult patients undergoing rotine
diagnostic examinations in 8 hospitals in southern
part of Nigeria were investigated. Table 1 shows the
specific features of   each X-ray unit considered in
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the study. The date of installation of the machine in
each unit, to the time when the study was carried out
ranged between 3 and 7 years. All the machines
were installed in less than 10 years. The table also
shows the total filtration (Inherent and added) of

each unit. The fil-
tration of machines
in FMC and UBTH
are 2.0 and 1.6 mm
Al respectively, fell
below the required
standard of 2.5 mm
Al for machine be-
ing operated at
peak tube voltage
above 70 kVp [18,
19]

The tech-
nical data (FFD,
tube potential
(kVp), and the tube
loading (mAs) em-
ployed in some of
the examinations in
this hospital were
inconsistent with
international rec-
ommended values
for good practices
by European Union
and the NRPB –
HPA 2010 Review
[18, 20].

Table1: Specific features of units in the investigated centre

H o s pi ta ls M o d e l / Manufacturer Year of Filtration O utput
Ty pe Installation (mmAl) (mGy/mAs)

OAUTHC Silhouette G.E Haulum 2010 2.7 0.061

Medical system

O AMH LEXRAY R.Liecati A. G R.
500 Liecati A. E 2013 3.0 0 .0 6 5

UTH Allengers N A 2012 2.5 0.035

FMC Giladonia
Ri05 Ralco 2013 2.0 0.0347

ADC, Ketron 300 Kehrli 2013 2.5 0.048
Rontgen Inc.

CH Siemens
Siemens Healthineers USA NA 3.0 0.034

LTH Toshiba Toshiba medical
Rotande system 2014 2.5 0.032

UBTH RAD-12 G.E General Electric
Company 2010 1.6 0.068

NA – Not Avaliable

Table 2: The results of Quality Control test of the X - ray units

Parameters Measurements Hospitals

KVp Accuracy  kVp ≤±5% 0.32 0.96 0.84% 0.52 0.65 0.75 0.78 0.85

Reproducib ility  % ≤±5% 0.14 0.48 0.42% 0.25 0.45 0.58 0.65 0.53

Consistency  % ≤±10% 0.30 0.95 0.85% 0.50 0.64 0.45 0.75 0.74

Exposure Accuracy  % ≤± 10% 0.30 0.50 0.50% 0.96 0.65 0.76 0.05 0.45

Time Reproducib ility ≤ 0.05 0.03 0.03 0.03 0.04 0.03 0.04 0.03 0.03

Output Linea rity ≤0 .10 0.07 0.09 0.04 0.06 0.08 0.06 0.05 0.07

Reproducib ility ≤ 0.05 0.04 0.04 0.02 0.03 0.04 0.03 0.04 0.03

Remarks Pass Pass Pass Pass Pass Pass Pass Pass

Acceptable
Limits LTH OAUTHC UTH UBTH FMC OAMH CH       ADC
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It can be seen from Table 2 that the X
–ray machine at these hospitals were performing self
consistently when the quality control results were
compared with standard recommended by the Amer-
ican Association of Physicists in medicine [16].

Table 3 shows, summaries of the
mean and range of the patient’s age, patient’s
weight, focus – to – film (FFD), tube potential
(kVp), and tube load (mAs) . The FFD employed in
this hospital are in agreement with criteria except in

few cases where FFD were outside the stipulated
ranges. PA examinations the FFD as low as 100.0cm
was used instead of the FFD of 140.0 – 200.0cm
with mean FFD of 180.0cm recommended by Euro-
pean Commission for quality radiography [18]. For
other projections the FFD of 100.0 – 150.0cm with
mean value of 115.0cm were recommended but not
totally adhered to by the hospital. The use of opti-
mum FFD is considered very important since a di-
rect relationship between shorter FFD, higher pa-
tients’ dose and decreased geometric sharpness is
well established [21, 22].  Some of the kVp em-
ployed in this hospital are comparable with the
NRPB – HPA UK – 2010 review [20] especially in
abdomen AP the kVp in UK – 2010 survey ranges

between 60 and 94 with mean kVp of 76 and in
OAUTHC the kVp employed ranges between 70 and
81 with mean value of 75. Although there is no con-
sensus among radiologist regarding the appropriate
tube potential to be used, both high and low tube
potential techniques are commonly used in radio-
graphic examinations [23]. The commission of Eu-
ropean communities recommended an applied volt-
age in the range of 125 kVp [24] but in many hospi-
tals lower tube potentials of 60 kVp – 90 kVp are

used [25].
Table 4 shows the mean ESD, the

mean ESD ranged from 0.13 mGy to 0.68 mGy for
chest PA, it ranged from 1.01 mGy to 17.20
mGy,1.08 mGy to 16.16 mGy, 1.15 mGy to 10.06
mGy, 1.14 mGy to 6.42 mGy, 1.11 mGy to 4.71
mGy,  1.67mGy to 12.65 mGy, and 1.91 mGy to
14.26 mGy for abdomen AP, pelvis AP, pelvis LAT,
skull AP/PA, skull LAT, lumbar spine AP and lum-
bar spine LAT respectively.  From the Table, it can
be seen that there are wide variations on the ESD
values for the same type of projections in different X
– ray units. The variations in the ESD values are due
to patient sizes, radiographic equipment used and
most especially the radiographic technique adopted

Examinations Projection No. of Patient Age Patient FFD kVp mAs KVp  UK

Patients mean weight mean mean             mean Hart et al
(range) mean (range) (range)          (range) (2012)

(years) (range) kg (cm)

Chest PA 276 42 (20-80) 67 (67-72) 149 (90-182)   69 (57-80)      25 (10-40) 88(65-125)

Abdomen AP 75 63 (49-79) 70 (68-72) 124 (70-131)    81 (80-81)     49 (40-64) 76(60-94)

Pelvis AP 74 42 (19-70) 69 (68-84) 118 (80-124)    75 (55-81)     40 (25-63) 75(62-92)

Pelvis LAT 64 40 (19-70) 68 (69-72) 115 (80-125)    73 (60-81)     36 (10-50) NA

Skull AP/PA 60 38 (30-45) 71 (70-74) 112 (70-153)    74 (70-80)     38 (32-40) 72(69-83)

Skull LAT 56 39 (30-46) 70 (61-74) 110 (70-150)    72 (63-85)     28 (25-32) NA

Lumbar Spine AP 58 75 (38-90) 67 (60-75) 117 (90-160)     78 (73-96)     91 (40-125) 78(65-109)

Lumbar Spine LAT 57 75 (38-90) 67 (60-75) 114 (90-130)      90 (81-96)    110 (64-125) NA

Table 3: Patients’ information exposure parameters for eight routine examinations mean values and
range in  all X – ray units in this study
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by the radiographer.
Table 5 show the mean effective dose

estimated from ESD in all  units investigated under
this study. For chest PA the mean effective dose val-
ue ranged from 0.02mSv at LTH to 0.09mSv at CH
while for abdomen AP the mean value ranged from
0.04mSv at LTH to 2.82mSv at CH. For pelvis pro-
jection the mean value ranged from 0.17mSv at
UTH to 2.96mSv at CH for AP projection while
mean ranged from 0.15mSv at UTH to 1.84mSv at
CH for LAT projection. Skull AP mean ranged from
0.01mSv to 0.13mSv at OAUTHC and UTH respec-
tively. The skull LAT, the mean ranged from 0.01 at

OAUTHC and LTH to
0.09mSv at FMC. For lim-
ber spine AP, the mean
ranged from 0.10mSv at
UTH to 2.15mSv at CH
while the lumbar spine
LAT,  the mean value
ranged from 0.10mSv  at
UTH to 0.17 at ADC.

The inter-
comparison of results ob-
tained in the present study
with other previous studies
show that the value of the
mean effective dose ob-
tained at LTH for Chest PA
is comparable with the val-
ue estimated in NRPB [26]
and similar study in Cana-

da [7] while other hospitals have higher value than
what obtained in NRPB and Canada (see Table 6).

For Abdomen AP and Pelvis AP, on-
ly CH have greater value of mean effective dose
than what obtained in NRPB 1997 [26] but all the
other units have  mean effective dose higher than
what obtained in Canada survey in 2013 [7]. For
Skull AP, OAUTHC, CH, FMC and OAMH have
higher value of mean effective dose when compared
with corresponding value obtained by NRPB and in
similar study in Canada, but comparable with the
value obtained in other  units considered in the
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study. For Skull LAT the mean effective dose ob-
tained at FMC is greater than what obtained in both
NRPB and Canada but the values obtained in other
hospitals are comparable with that of NRPB and
similar study in Canada. For Lumbar Spine AP, the
value of mean effective dose obtained in CH is high-
er than value obtained NRPB and Canada while the
values that obtained in all other  units are compara-
ble with what obtained in both NRPB and similar
study in Canada. For Lumbar Spine LAT, the values
of mean effective dose obtained were comparable
with what obtained in NRPB and in similar study in
Canada. When compared with similar study in Nige-
ria, the mean effective dose values obtained in Ab-
domen AP, Pelvis AP and Lumbar Spine AP were
comparable with what obtained by  Jibiri and
Olowookere  [27] but the values were relatively
lower than what reported in skull AP. These results
are indication that reasonably low doses could be
obtained in Nigeria without losing the diagnostic
information if appropriate corrective measures are
put in place.

4.0 Conclusion

Monitoring  and controlling patient  doses during  X
–ray examinations procedures is of utmost im-
portance to successive reduction of  radiation doses.
Optimization of diagnostic X - ray examinations can
only be achieved by regular assessment of imaging
procedures. The results obtained  in this study repre-
sent the current state of practice of diagnostic X –
ray examinations in most X – ray centers in Nigeria.

The large variation of patient dose values for the
same type of examination among the hospitals could
be attributed to the experience of each imaging per-
sonnel, each X – ray machine performance, expected
image quality, size of the patients and the nature of
the film – processing chemicals. It also shows that
substantial dose reduction is possible without com-
promising image quality.
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