
1.0 Introduction 

 
Ionizing radiation is a form of radiation with suffi-
cient energy to remove electrons from their atomic 

or molecular orbital shells in the tissues they pene-
trate. These ionizations received in sufficient quanti-

ties over a period of time can result in tissues dam-
age and disruption of cellular functions at the mo-
lecular level [1]. The dose delivered to tissue from 

ionizing radiation can either be acute or chronic. The 
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healthy population would decline if ionizing radia-

tion techniques were not available to diagnose dis-
eases and detect trauma. Meanwhile there is no ex-
cuse for complacency and it is a basic premise of 

radiation protection practice that any exposure 
should be justified by weighing the potential harm 

against the perceived benefit.  
 X-ray is the most frequently used ionizing 
radiation for diagnostic imaging and it plays a sig-

nificant role in effective health care delivery both in 
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Abstract 

Radiation exposure received by patients during routine x-rays is known to increase the risk of malignancy 

these was the major problem that necessitated this review work across the states. The review was done based 
on the researches conducted in some states’ Hospital of Nigeria. The aim and objective of this work was to re-

view the radiation dose delivered to patients during routine diagnostic x-ray examination. The technique fac-
tors and X-ray output from the X-ray units of different Nigerian hospitals were obtained and used to estimate 
radiation doses to patients during chest, abdomen, Lumbosacral, Forearm, Thorax, cranium, pelvis, skull, Leg, 

knee, Hand and thigh examinations. Direct and indirect methods was used to calculate the entrance skin dose 
(ESD) based on the values of technique factors employed. The results obtained for different States in Nigeria 

showed wide variation of mean hospital entrance skin dose (table 1). In Bauchi, the mean ESD for chest PA 
examination was found to be higher by factor of 0.5, 0.3, and 0.4 compared to United Kingdom (UK 2005 re-
view), International Atomic Energy Agency (IAEA), and Community of European Commission (CEC) respec-

tively, similarly in katsina is higher than the UK, IAE and EC DRLs by factor of 0.8, 0.6 and 0.7. In the same 
vein, the research conducted in Lagos, Ogun, Osun, Oyo, Niger and Ekiti State recorded the highest values of 

ESD. This trend is an indication that patients examined in the facilities of this states are at higher health risks. 
Therefore, these reviewed results call for quality assurance program (QAP) and monitoring aimed towards re-
ducing patients’ dose in diagnostic X-ray units in their centers. But most of the ESD results obtained from 

Sokoto, Gombe, Taraba, Ondo and Akwa Ibom state are lower than or in agreement with the UK, IAE and EC 
DRLs, indicating that the technical factors used should be sustained and improved on in this centers. Finally, 

this review found out that most of the ESD were higher when compared to the established guidelines. This in-
dicated that most of the technical factors for x-ray examination used by radiographers in Nigeria need to be 
reviewed in most of the centers for better optimization. The estimation of entrance skin doses for patients in 

conventional diagnostic x-ray examinations should be made as a means for the optimization of the radiation 
protection of the patients. 
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developed and developing countries. X-ray is said to 

be the major contributor to the collective effective 
dose of ionizing radiation to the general public. The 
need for radiation dose assessment of the patients 

during diagnostic X-ray examinations has been high-
lighted by increasing knowledge of hazard of ioniz-

ing radiation. Because of the deleterious effect of X-
rays, it is necessary to protect patients undergoing 
diagnostic and therapeutic procedures.  

 The aim of any diagnostic X-ray examination 
is to produce images of sufficient and optimum qual-

ity. However, a good quality radiograph is not the 
one that is most appealing to the eye but, that in 
which sufficient details can be easily elicited [1]. 

Patient’s dose has often been described by the en-
trance skin dose (ESD) as measured in the centre of 

the x-ray beam. Because of the simplicity of its 
measurement, ESD is considered widely as the index 
to be assessed and monitored. ESD is measured di-

rectly using thermoluminiscent dosimeter (TLD) 
placed on the skin of the patient or indirectly from 

measurements of exposure parameters [2].  
 Medical exposure of patients to ionizing ra-
diation has immense benefits. Nonetheless, due to 

potential hazards that may arise, it is necessary to 
develop strategies to quantify the amount of radia-

tion patients are exposed to in order to review opti-
mization strategies. The International Commission 
on Radiological Protection (ICRP) placed a moral 

obligation on radiation personnel to ensure that 
medical exposures are justified, optimized and lim-

ited. In Nigeria, there are specific efforts by govern-
ment to ensure that patients’ irradiation is carried out 
within the confines of standards of practice [3]. 

 In Nigeria, in spite of the large number of 
examinations carried out yearly, the dose informa-

tion available is grossly inadequate. Although indi-
vidual surveys have been carried out in some regions 
of the country, no coordinated effort have been made 

to establish national diagnostic reference levels [4]. 
Reports have shown that there are over 4000 X-ray 

machines in use with <5% of them under any form 
of regulatory control [5]. Researchers have shown 
that adherence to radiation protection practices 

among radiographers in some states is poor and most 
X-ray machines in use are quite old with no evi-

dence of quality assurance and quality control test. 
And as such no standard reference dose levels 

(RDLs) for normal radiographic examinations in Ni-

geria, indicating that patients are either over exposed 
or under exposed to the effect of ionizing radiation 
[5]. To normalize doses protocols in Nigeria, rele-

vant regulatory agencies must institute and harmo-
nize a national dose survey with a view to establish-

ing a diagnostic reference levels [4]. 
 

1.1 Variation in Exposure Parameters 

Variation in exposure parameters (FSD, mA s and 
kVp) used among the different Nigerians hospitals is 

a reflection of non standardization of procedures. 
Variations of exposure factors were found within the 
same hospitals in the state. The kVp for chest PA 

projection ranged from different values, while the 
mAs varied from different values for the same pro-

jection. The radiologists in the various hospitals in 
Nigeria prefer higher contrast radiographs which re-
sult from low kVp.   

 The low kVp here indicates poor practice and 
shows that the focus of radiographers is just the im-

age quality at the expense of patient dose. The FSD 
varied from one hospital to another [6]. It is worthy 
of note that using constant value of mAs in the hos-

pitals for patients of various sizes is far from good 
practice since it is necessary to account specifically 

for patient weight when setting the technique fac-
tors.  
 Failure to account specifically for patient 

weight (especially when there is no automatic expo-
sure control) during diagnostic x-ray examinations 

could lead to patients of small weight being unnec-
essarily exposed and patients of large weight being 
under exposed. This could produce suboptimal im-

age quality [6]. The tube filtrations found in some 
states’ hospitals exceeded the minimum standard of 

2.5 mm Al prescribed in the UK standard. But Due 
to the low filtration found in some hospitals, the ef-
fective dose could not be calculated since the NRPB 

report did not provide data for filtration of 1 mm Al. 
The facility with this lowest filtration in this review 

study is in private centres. There was probably a 
lack of adequate information about the required 
minimum filtration [6] 

 
 1.2 Principles of Radiation Protection 

Concerns about radiation dose to patients have been 
a major issue in the radiology service delivery. 



Though, doses from diagnostic radiology are gener-

ally low, the magnitude of the practice can poten-
tially cause negative radiation impact; Therefore, the 
control of exposure through the mechanisms of justi-

fication, optimization is crucial in minimizing the 
risk of adverse effects [4]. Radiation protection in-

volves a process of safeguarding both the personnel 
and the public from undesirable effect of radiation. 
The main task of radiation protection is not only to 

minimize the stochastic risks but also to avoid deter-
ministic injuries. Radiation undesirable effects are 

minimized through the adoption of principles of jus-
tification and optimization during the preparation 
and examination of patients. 

 

1.2.1 Justification 

Justification in diagnostic x-ray procedure is the 
process where radiographers and radiologist evaluate 
the x-ray request for x-ray examinations by compar-

ing it with the patient’s clinical history to determine 
its validity. In practice justification involves the us-

age of correct exposure techniques while maintain-
ing diagnostic image quality. Therefore, the princi-
ple of justification in radiology means that the risk 

of exposure to ionizing radiation should be balanced, 
against the benefits derived from the procedure. A 

procedure is justified when the benefits of undergo-
ing a procedure outweigh the risk [7]. 
 

1.2.2 Optimization  
Optimization is the process where radiographers 

minimize the amount of radiation delivered to pa-
tients through selection of correct exposure factors 
(kVp and mAs).The quality of radiation is dependent 

on the applied tube potential and the amount of fil-
tration of the x-ray beam. Therefore optimization of 

radiation protection comprises the application of dif-
ferent radiographic techniques and imaging parame-
ters in an effort to minimize radiation dose to pa-

tients without compromising image quality. Clini-
cally this implies that radiographers adjust and select 

exposure factors with reference to the patient’s body 
habitus while maintaining diagnostic quality. A 
quality diagnostic radiograph therefore represents a 

visual appreciation of the patient’s anatomy under 
examination sufficient to make a clinical diagnosis 
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[7]. Radiation dose measurement of patients under-

going routine diagnostic examinations to assess the 
level of their exposure is an integral part of dose op-
timization.  

 

 

2.0 Methodology 
 

The materials used in the reviewed article include X-

ray machine, Patients, TLD dosimeter and Computer 
program software Such as Caldose_X and Monte 

Carlo etc. Demographic data of patients used in dif-
ferent articles are age; height and weight, while ex-
posure parameters from different x-ray machines 

reviewed include kVp, mAs and FSD/FDD. The es-
timation of ESD was divided into direct and indirect 

method. Direct method, TLD are considered as the 
gold standard for determination of entrance surface 
dose in practice. Measurement is made with thermo-

lumensince dosimeter, TLDs attached to the patient 
or phantom at pointes where the X-ray beam enters 

the patient. TLDs are read in a standard manner and 
the value read is used as an estimate of the ESD re-
ceived by the patient. If correctly calibrated to meas-

ure air kerma free in air, the TLD should give a di-
rect reading of the entrance surface dose, and no cor-

rection is needed for back scatter radiation or dis-
tance from the tube focus. Indirect method as re-
viewed in this paper comprised the use of Software 

and mathematical expression to estimate the ESD to 
the patients. The United Nations Scientific Commit-

tee on the Effect of Atomic Radiation (UNSCEAR) 
[8] recommended ESD as dose descriptor for guid-
ance levels in diagnostic radiography because it pro-

vides an indication of maximum skin dose and is 
useful for periodic checking of patient dose. 

 

2.1 Indirect Method 
In this method, the computer software and mathe-

matical expressions was used to estimate the en-
trance skin dose to patients underwent x-ray exami-

nations in Nigeria by means of inserting patient’s 
demographic data ( i.e age, height, weight, body 
thickness) and x-ray machines’ exposure parameters 

(i.e kVp, mAs, FDD and FSD). One of the examples 
this software is Caldose_X software. 
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2.1.1 CALDose_X 5.0 

CALDose_X 5.0 is a software program for the cal-
culation of absorbed doses [9] and radiological risks 
in the human body caused by exposure of patients in 

diagnostic x-ray examinations [10]. The software 
uses conversion coefficients (CCs) between organ 

absorbed doses and measurable quantities such as 
incident air kerma (INAK), entrance surface air 
kerma (ESAK) and air kerma area product (AKAP) 

and also cancer incidence and mortality risks per 
INAK, ESAK and AKAP for the age defined by the 

user (ICRP, 2002) [11], for the MASH and FASH 
phantoms in standing and supine position which rep-
resent a reference adult male and female, respec-

tively, according to ICRP89 [12]. The Caldose has 
the form 

2.2 Direct Method 

In this method the TLD chips were attached to the 
centering point on the patients for different anatomi-
cal regions with the aid of adhesive tape. After ra-

diographic exposure, the TLD chips were detached 
from patients and labeled accordingly. When the ex-

amination involved two projections or more (i.e., AP 
and Lateral), a separate TLD chip was used for each 
view. For each anatomical region, a certain number 

of patients were involved. Technical parameters 
used for the examinations were also recorded. Data 

analyses were done using the statistical package for 

the social science and Microsoft excels [4]. Entrance 
skin dose was estimated using TLD readings to give 
the entrance air kerma. Entrance skin dose 

represents the ra- diation intensity as the x-ray 
beam impinges on the surface of the skin. For each 

patient, the following parameters were recorded: sex, 
age, weight and height and Body. This information 
about the patients, together with body Mass Index 

(BMI) were derived from weight (kg) / height (m2), 

which is a useful classification scheme for size and 

shape of a person. The weight and height of each 
patient were measured using hospital scale with both 
weight and height scale [2].  

 The skin dose, at the very surface of the skin 
where no attenuation has occurred, it is computed as 

ESD = EAK X BSF, Where EAK= Entrance air 
kerma, BSF= Back scatter factor, ESD = Entrance 
skin dose x-ray machines. But to compute the ESD, 

we first of all have to obtain an incident absorbed 
dose to air (IDair) which is defined as the absorbed 

dose to air on the X-ray beam axis at the focus –to-
skin distance (FSD).These values were obtained di-
rectly from the TLD [2]. Thus, the ESD is related to 

the incident absorbed dose by backscatter factor 
(BSF) which is the ratio of the incident dose in tis-

sue to the incident dose in air. ESD of each patient 
were calculated by multiplying the patient’s air 
kerma by a back scatter factor of 1.06 as suggested 

in the European guidelines [13]. Therefore 

 

 
 This equation was used to compute the ESD 
for each patient. The values for the ESD obtained 

were analyzed using Statistical Packages [2] 
 

3.0 Results and Discussion 

The overview of the results reviewed in this paper 
for different body projections in X-ray diagnostic 

centres of Nigeria included in the table below to-
gether with the locations and references. Some re-

sults are in agreement with the international standard 
while others are lower and higher than the interna-
tional diagnostic reference levels. 
 

 

Figure 1 Caldose_X version 5.0 
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3.1 DISCUSSION  

 Table 1 Show the summary of the re-
search results conducted in Nigeria by 
different authors [20] conducted a re-

search on entrance surface dose and 
their result in table 1 is comparably 

lower when compare to the [22] and 
[13] but relatively higher than the val-
ues obtained in other countries in the 

world such as [21]. These problems ne-
cessitate the need for diagnostic refer-

ences levels for Nigerian x-ray centres 
to reduce the radiation risk to the pa-
tients undergoing x-ray procedure in 

Nigeria.  
 In the research of [19] conducted 

in Gombe indicated that, the radiation 
risk to an average patient in the hospital 
included in their work is low as shown 

in table 1 above and the risk to workers 
in the hospital will be generally low. 

They added that getting proper radio-
logical parameter can minimize the ab-
sorbed dose. Base on the result obtained 

in their study, one  can concluded that 
use of the proper radiological parameter 

such as the distance between the patient 
and X-ray machine to be large, tube po-
tential should be high and tube current 

should be low can significantly reduce 
the absorbed dose especially by the low 

cost means proper of radiological pa-
rameter. [18] try hard to investigate ra-
diation doses and Implications for Can-

cer Incidence to patients undergoing 
common X-ray Diagnostic Procedures 

in Southwestern Nigeria.  
 The study indicated that patients 
examined in Nigeria are at higher health 

risk than patients examined in the UK 
because radiological examinations are 

not yet optimized, and the preoccupa-
tion of Radiographers has remained es-
sentially high image quality at the ex-

pense of patient dose, this was presented 
in table 1 where ESD is very high com-

pared to UK values and other countries. 

Locations in Nigeria Examinations/

Projections 

Entrance Skin 

Dose 

References 

Taraba State, Jalingo Forearm 0.6747mGy [1] 

Bauch  State (ATBUTH) 

 Katsina State (UMTH) 

chest x-ray (PA) 

chest x-ray (PA) 

0.68 mGy 

0.99 mGy 

[2] 

Akwa Ibom State Thora x (PA &RLAT) 

cranium (A P &RLAT) 

abdomen (AP) 

 pelvis (AP) 

0.59 to 0.61 mGy 

1.65 & 1.48 mGy 

1.89 mGy 

1.88 mGy 

[14] 

Niger state, minna (NGH) 

Oyo state, Ibadan (TTX) 

Skull 

  

Abdomen 

  

Chest 

4.93 mGy 

5.34 mGy 

6.28 mGy 

5.34 mGy 

4.44mGy 

4.99 mGy 

 [15] 

Sokoto State (UDUTH) Chest 

Lumbosacral (AP) 

Pelvis  

Abdomen 

Lumbosacral (LAT) 

0.26 mGy 

0.46 mGy 

0.71 mGy 

1.3 mGy 

1.6 mGy 

[3] 

Ondo State, Okit ipupa 

(SSH) 

Chest(PA)  

0-4 years  

5-9 years  

10-17years 

18-above years  

  

0.066 mGy 

0.105 mGy 

0.216 mGy 

0.292 mGy 

[16] 

Hospitals (5) in Southern 

Nigeria. 

Chest (PA) 

1-5 years  

5-10  years  

10-15 years 

Chest (LAT)  

1-5 years  

5-10  years  

10-15 years 

Abdomen (AP)  

1-5 years  

5-10  years  

10-15 years 

Pelvis (AP) 

1-5 years  

5-10  years  

10-15 years 

Skull (AP)  

1-5 years  

5-10  years  

10-15 years 

Skull (LAT) 

1-5 years  

5-10  years  

10-15 years 

  

111 μGy 

159 μGy 

620 μGy 

  

170 μGy 

235 μGy 

286 μGy 

  

310 μGy 

351 μGy 

800 μGy 

  

570 μGy 

854 μGy 

1354 μGy 

  

660 μGy 

741 μGy 

856 μGy 

  

570 μGy 

650 μGy 

995 μGy 

[17] 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Southwestern Nigeria 

Lagos  State 

Ogun State 

Osun State 

Oyo State 

 Ekiti State 

Chest (PA) 

Abdomen (AP) 

Pelvis  (AP) 

Lumbar sp ine (AP) 

skull (AP) 

Leg (AP) 

knee (AP) 

Hand (AP) 

Thigh (AP) 

2.32 mGy 

11.72 mGy 

4.05 mGy 

4.74 mGy 

7.07 mGy 

1.27 mGy 

1.59 mGy 

1.59 mGy 

0.50 mGy 

[18] 

Gombe State Chest (PA) 

Chest (LAT) 

Abdomen (AP) 

Pelvis  (AP) 

Lumbar sp ine (AP) 

Lumbar sp ine (LAT) 

Skull (PA) 

Skull (LAT) 

0.36 mGy 

0.18 mGy 

0.95 mGy 

0.36 mGy 

0.58 mGy 

1.32 mGy 

0.52 mGy 

0.31 mGy 

[19] 

Gombe State (FTH) Chest 0.30 mGy [20] 

Table 1 Overvie w of research results conducted in Nigeria  
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It is evidenced in their research that, low filtrations 
lead to high doses in patients. Therefore, it is impor-

tant to increases the thickness of filtration in most of 
the radiological equipments in Nigeria. This practice 
can help to reduce patients’ dose problem during x-

ray examinations. Similarly,[17] monitored Entrance 
skin doses (ESD) of pediatric patients undergoing 

chest (PA and Lat), skull (AP and Lat), abdomen 
(AP) and pelvis (AP) examinations in five Nigerian 
hospitals. The results were found to be lower in all 

other projections except for Chest PA and Chest Lat-
eral examinations which are most performed radio-

graph in Nigeria (about 56% of the total patient). 
 The mean effective doses when compared 
with those found in literature are lower. This mean 

that the radiation risk to an average patient in the 
hospitals included in this work is low and the risk to 

workers in the hospitals will be generally low. Al-
though the mean effective dose is lower than the ref-
erence levels, data shows that ESD is still above ref-

erence levels in some hospitals. Therefore adherence 
to guidelines should be demonstrated and it is also 

important to correct operative modalities, which will 
enable doses to become lower while quality of im-
age is still preserved. Finally, the study of local diag-

nostic reference levels (LDRL) is important so that 
users can compare their work and change their atti-

tude and philosophy for the one that is safer to the 
staff and the patients. 
 The [16], reported that, ESDs obtained (table 

1) were same with the NRPB recommendations of 
year 2000 of 50 µGy for newborn to 1-year-old, 70 

µGy for 5 years and 120 µGy for 10 years old chil-
dren. The values reported for age 1 to 4 years were 
lower than 0.1 mGy recommended and the mean 

ESD for age 5 to 9 years for chest PA examination 
was 0.11 mGy which is lower than the recom-

mended 0.12 mGy. However, other values reported 

in this study were compared with the guidance 

levels set by the International regulation bodies 
and were found to be within safe limits and 
they do not pose any significant health risk to 

the patients of all age ranges or the health 
workers. But the absorbed dose rate increases 

for patients as the age increases and in some 
cases, as the chest thickness increases.  
 The doses reported for this study were 

same with the NRPB recommendations of year 2000 
as shown above. Same was reported in sokoto state 

by [3], in their research the ESD values were found 
to be lower than similar studies carried out in Nige-
ria, as well as diagnostic reference levels in UK. Op-

timization of patient protection in UDUTH was 
comparable to recommended practices locally and 

internationally [2] in their study assessed entrance 
skin doses from two teaching hospitals in North 
eastern part of Nigeria and the results were presented 

in table 1. The mean entrance skin dose at ATBUTH 
and UMTH were higher compared to published 

work and recommended dose of 0.4 mGy by  [23] & 
[24] for patients undergoing PA chest x-ray  exami-
nation consistent with ALARA even at the same ra-

diologic and geometric parameters.  
 The mean entrance doses, obtained from 

measurements carried out on 60 patients were 
0.50mGy and 0.54mGy for ATBUTH and UMTH 
respectively. The high doses are a pointer and fur-

ther indications that dose delivered to patients’ are 
not as low as reasonably achievable in many Nige-

rian hospitals. [1] conducted a research and their re-
sults presented in table 1 indicated that Entrance 
Skin Dose (ESD) received by patients undergoing 

forearm X-rays in Federal Medical Center (FMC), 
Jalingo is not above the 1mGy standard guideline of 

the Nigerian Nuclear Regulatory Agency (NNRA) 
for a year, the maximum mean Entrance Skin Dose 
(ESD) recorded is 0.6747mGy for adults from Fed-

eral Medical Center (FMC), Jalingo and this rate can 
only exceed 1mGy if patients are exposed twice in a 

year . There is a need to avoid t double x-ray exami-
nation in a single year. [14] assessed ESD and effec-
tive dose during diagnostic x-ray examinations on 

adult patients at some hospitals in Akwa Ibom State. 
Patients’ ESD reported were consistent with the 

range of published values and mostly comparable 

S/N Examinations  [21]  [22] [13] 

1 Chest PA 

Chest (LAT) 

0.16 mGy 

0.6 mGy 

0.4 mGy 

1.5 mGy 

0.3 mGy 

1.5 mGy 

2 Abdomen AP 

Skull PA  

Skull LAT 

6.0 

3.0 

1.3 

10 

5.0 

3.0 

10 

5.0 

3.0 

3 Pelvis  9.8 - - 

Table 2. Diagnostic reference levels of International Organizations 
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( 2.14 )k a

( ) (2.13)

with the reference levels. This implies that radiation 

risk to an average patient was low, but still optimiza-
tion is needed in those centres. Similarly, [15] car-
ried out the research on 294 patients and the results 

of mean ESD were found to be generally higher than 
published values. The high doses in their work are a 

further confirmation of the fact that patient doses are 
not as low as reasonably achievable in many Nige-
rian hospitals.   These also indicated that despite all 

the efforts towards reduction of patients’ doses, 
there still exist centres where patients’ doses can be 

very high especially in the developing countries. The 
major contributor to the high doses reported in this 
work has been identified to be the use of high mAs.  

The mAs values are found to be sometimes 5 times 
the values reported in the literatures. Although in 

both centers the mean ESD obtained for abdomen 
examination is lower. 
 The table 2 shows the ESD standard diagnos-

tic reference levels of some international organiza-
tions for x-ray examinations. The values given in the 

table indicate the acceptable values for entrance skin 
dose for difference x-ray projections in UK, EC and 
national and international bodies. The comparisons 

of these results with Nigeria’s results indicated in 
table 1, shown that Nigerians hospitals need an opti-

mization in order to minimize the radiation dose to 
patients underwent x-ray examinations. Because 
most of the articles’ results reviewed in this work is 

relatively higher than the ESD values given in table 
2. 

 
 
4.0 Conclusion  

 

In Nigeria, there is few or no system in place for col-

lecting data on national or regional level for the 
number and type of diagnostic X-ray examinations 
procedures realized and for estimation of the en-

trance skin doses to population yearly. The increased 
utilization of diagnostic x-rays requires a more com-

prehensive survey and analysis needs to be carried 
out in order to obtain more precise estimates of the 
frequency of X-ray examinations and associated en-

trance skin doses to population. From the foregoing 

of this review, it could be observed that Lagos, 
Ogun, Osun, Oyo, Niger, Akwa Ibom and Ekiti state 
of Nigeria’s diagnostic x-ray examinations centers 

imparted the highest ESD when compared with the 
established diagnostic reference levels in UK, IAEA, 

EC and other published work in Nigeria. Therefore, 
these results call for quality assurance program and 
monitoring aimed towards reducing patients’ dose in 

diagnostic X-ray units in Nigeria hospitals. This can 
be achieve by organizing regular workshops and 

conferences for radiographers, setting of guidelines 
for different exposure, and establishing of diagnostic 
reference levels with which individual hospitals may 

compare their doses. 
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