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Computed tomography dose indexw and dose length product were recorded for the purpose of developing diagnostic reference levels 
(DRLs) for radiation dose optimisation. The study was conducted in three radiology departments with CT centres in Northern 

Nigeria. Data were collected from 54 consenting adult participants (weighing 70 kg+++++3) that had head CT scans. Analysis was 
done using SPSS version statistical software. A combined dose for the three centres was calculated and compared with the reported 
data from the international communities where there are established DRLs. Third quartile values of CTDIw and DLP were deter- 
mined as 77 mGy and 985 mGy cm, respectively. Local DRLs that are significantly higher than most of the reported data in the lit- 
erature have been established. 

 

INTRODUCTION 

After the launch of computed tomography (CT) into 
clinical practice more than three decades ago, scanner 
technology has developed, and its uses have become 

more widespread(1). CT imaging has been recognised as 
a high radiation dose modality, when compared with 
other diagnostic techniques using ionising radiation. 

This has raised concern over patient radiation doses(1). 
Recent surveys have shown that CT examinations 
account for an ever-increasing fraction of radiological 
dose. In some centres, it now contributes 60–70 % of 

the total patient radiation dose(2). A study in 2004 in 
the UK showed that CT accounted for only about 3 % 
of all medical procedures using ionising radiation but 

that the radiation dose from CT accounted for ≏40 % 
of the collective radiation dose(3). The combination of 
high dose per examination and increased use of CT 
examinations in diagnostic imaging has been of great 
concern globally. This is due to the increased possibil- 
ity of inducing undesired health effects, such as cancer. 

The head CT scan has been the most common CT 
examination performed in Europe  (30 – 40 %),  for 
more than a decade, and it also contributes significant 

total collective effective dose to the population(4,  5). 
The significant radiation dose delivered to superficial 
radiosensitive organs, such as the lens of the eye, un- 

avoidably irradiated during radiological procedures of 
the head, is also a concern(6). 

Even though there are non-ionising imaging modal- 
ities, such as magnetic resonance imaging, that are cur- 
rently used for imaging of the head, CT imaging 
continues to be on the increase due to its wide availabil- 
ity and clinical application. This is despite the large 

radiation dose imparted to patients(7). 

Therefore, the study aimed to measure the computed 
tomography dose index (CTDI) for head CT in three 
Northern States of Nigeria for the purpose of develop- 
ing a local diagnostic reference level (LDRL) as a tool 
for radiation dose optimisation. 

 

METHODS 

This was a prospective study conducted in three ter- 
tiary institutions located in Northern Nigeria from 
May 2010 to December 2011. The data were taken 
from the following institutions: AKTH centre (A), 
FMC centre (B) and FNPH as Centre C, and one 
functional CT scanner was selected from each 
centre. Only 54 participants met the criteria con- 
cerning sample selection. The rest were excluded 
because examinations were performed using heli- 
cal mode that is regarded not an ideal mode for 
head CT. 

The patients were selected based on the require- 
ment for diagnostic reference levels (DRLs) formula- 
tion as explained in the European Commission (EC) 

document(8), which says a standard size patient 
should be considered. As there is no study establishing 
weight for a standard patient for the Nigerian popula- 

tion, the European standard size patient was adopted(9). 
Patients that weighed 70 + 3 kg were therefore admit- 

ted. All the scans were done on a 4&16-slice GE 
Brightspeed or 16-slice Philips Brilliance multi-slice 
CT scanner. The information collected from the 
patients included age, sex and weight. Information 
collected from the CTs was kilovolts, milliampere- 
second, slice thickness, number of slices, scan time, 
scan mode (axial), CTDIw and dose length product 
(DLP). 
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GE protocol for routine adult head CT at the study site 

The protocol for routine adult head CT is designed to 
be in  sequential (axial) mode.  The slice group is 
usually in two batches, namely Batch A for the poster- 
ior fossa and Batch B for the cerebrum. A single 
value for the DLP is obtained by simply adding up 
the two DLP values displayed on the CT console for 
the two sections; however, this does not apply to 
CTDIw. The CTDIw was obtained using the formula 
adopted from 

 

CTDIwðaverageÞ 

¼
½CTDIwð1Þ lengthð1Þ   ½CTDIwð2Þ lengthð2Þ  

lengthð1Þ lengthð2Þ 

 
CTDIw (1) is the displayed CTDIw for the posterior 
fossa, CTDIw (2) is the displayed CTDIw for the cere- 
brum, length (1) is the scan length for the posterior 
fossa and length (2) is the scan length for the cere- 
brum. 

 
 

Philips protocol for routine adult head CT at 
the study site 

For Philips CT scanners, the slice group is single as 
opposed to the general electric (GE) protocol, which 
has two groups. A uniform slice thickness of 3 mm is 
used for the entire scan length, and therefore, a single 
value for DLP and for CTDIw was recorded. 

The collected data were classified based on the type 
of CT scanners. Correlations were made between 
scanners of different manufacturer but the same 
number of slices and the same manufacturer but dif- 
ferent number of slices. Also, the measured doses in 
the present study were combined and compared with 
reported data from the international communities 
where  there  are  established  DRLs.  The  data were 

analysed using SPSS version (16) statistical software 
to determine the mean, standard deviation and third 
quartile values at the 95 % confidence interval. 
Statistically significant results were determined using 
chi-square and student’s t-tests. A p value of 0.05 
was considered as an indication of significance. 

 
RESULTS 

A total of 54 patients were scanned using the sequen- 
tial mode, namely 20 participants from Centre A, 16 
participants from Centre B and 18 participants from 
Centre C. The participants’ age range was from 16 to 

80 y (40.7+16.8). Sixteen years of age is considered 

as an adult based on the hospital age classification in 
Nigeria. 

 
Results of scan parameters 

Analysis of the scan parameters (kilovolts, milliam- 
pere, milliampere-second, slice thickness, field of view 
(FOV), number of slices for sequential scan) was 
carried out (Table 1). 

 
Analyses for establishing DRLs 

Analysis of the absorbed dose in CTDIw and DLP for 
head CT acquired with sequential mode was carried 
out. Mean and third quartile values of the measured 
doses in CTDIw and DLP are shown in Table 2. 

The mean CTDIw and DLP in the study centres 
were compared with the EC guidelines. The mean 
CTDIw in all three centres is higher than that of the 
European Guidelines (EG). The DLP values in 
Centres A and C are lower than that of EG, whereas 
the DLP value in Centre B is higher (Table 3). 

The CTDIw results for the present study were com- 
pared with published data for brain CT scans from 
the international community. The CTDIw  for brain 

 

Table 1. Mean scan parameters for sequential mode. 
 

Scan parameters Kilovolts Milliampere Milliampere- 

second 

Scan 

time (s) 

Number of 

slices 

Slice thickness 

(mm) 

FOV (cm) 

Centre (A) 120 (+0.00) 218 (+46.5) NR 1 44 (+7.3) 2.5 – 5 23 (+1.5) 
GE Brightspeed 

       
4-slice 
Centre (B) 

 

131 (+0.00) 

 

NR 
 

450 (+0.00) 

 

1.75 
 

52 (+8.3) 

 

3.0 (+0.0) 

 

21 (+1.4) 
Philips Brilliance 

       
16-slice 
Centre (C) 

 

120 (+10.2) 

 

149 (+17.7) 

 

NR 
 

2 
 

45 (+8.6) 

 

2.5 – 5 
 

24 (+1.9) 
GE Brightspeed 

       
16-slice 
Combine Results 

 

127 (+7.84) 

 

185 (+49.5) 

 

450 (+0.00) 
 

 

47 (+8.6) 
 

 

23 (+1.9) 
(AþBþC) 

       

NR, not recorded. 
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CT in Nigeria is higher than the value reported in 
Europe and African countries where data are identi- 
fied (Figure 1). 

A comparison was made between the two scanners 
of the same model. Statistically signifi   nt results were 

Measured scan parameters 

The measured CTDIw values for all the centres in this 
study were found to be different (Table 3) and com- 
parably higher than the values reported in Europe(10). 

noted in the measured CTDIw  and DLP ( p ¼ 0.003 
and 0.03, respectively) (Table 4). The comparison 
between the two scanners of a different model, but the 
same number of slices, showed statistically signifi 
results in the measured DLP ( p ¼ 0.005). No signifi 
cant result was noted in the measured CTDIw (Table 5). 

 
DISCUSSION 

The study determined the CTDIw and DLP to adult 
patients undergoing routine head CT scans in three 
centres located in Northern Nigeria. Potential LDRLs 
were established. Likewise, factors responsible for 
CTDI and DLP variation between centres are investi- 
gated and discussed. 

 

Scan parameters 

Studies have reported different dose values in CT 
imaging due to the variations in applied scan proto- 

cols(5). Therefore, findings of the present study showed 
that the use of different scan parameters namely kilo- 
volts, milliampere-second, slice thickness and scan 
time, being employed at different centres (Table 1), 
resulted in different CTDI and DLP values for the 

same procedure (Table 2). 

 
 

Table 2. Measured CT scanner output with third quartile 
values. 

This is due to the different scan parameters employed 
at each centre, and the fact that dose optimisation 
strategies are not being observed. The scan para- 
meters are almost the same for adult brain CT for a 
particular centre. Irrespective of the age, or weight of 
the patient, the adult protocol does not change. What 
is still being used is the pre-set protocol from the man- 
ufacturers. Also, it has been reported that setting of 
scan parameters such as the milliampere-second, tube 
rotation time, kilovolts, pitch  and collimation is a 
major contributor to the patient dose received during 
a CT scan procedure(9). 

 

 
Diagnostic reference levels (DRLs) 

DRLs should be established using routine examina- 

tions(10). Therefore, this study only considered those 
scans done on sequential (axial) mode as this is the 
routine protocol at the study site. 

In this study, the LDRL value for head CT was 
established as 77 mGy and 985 mGy cm through com- 
bining measurements of the absorbed dose in CTDIw 

and DLP for all participants from the three centres 
(Table 2). 

For the recorded CTDIw, Centres B and C were 
within the third quartile value but not in Centre A 
where the CTDIw was found to be higher (Table 2). 
Whereas the measured DLP values in Centres A and 
C were below the third quartile value; in Centre B, it 
was found to be higher (Table 2). The reason for a 

Centres  Statistical 
quantities 

CTDIw 

(mGy) 
DLP 

(mGy cm) 

high CTDIw in Centre A was postulated to be due to 
the high milliampere value employed for the scan. 

     The higher DLP in Centre B was determined to be 

Center A (n ¼20) Mean (3Q) 88 (110) 713 (827) 
Center B (n ¼16) Mean (3Q) 68 (68) 1098 (1231) 
Center C (n ¼18) Mean (3Q) 70 (77) 597 (648) 

due to the increased number of slices (Table 1). Even 
though there is no literature found documenting the 
required number of slices for a routine adult brain CT, 

Combined 
average results 

(AþBþC) 

Mean (3Q) 76 (77) 789 (985) it is apparently clear that what is currently obtained 
with Philips CT scanner is higher than what is 
obtained with GE scanners (Table 1). The number of 
slices performed during CTexaminations is one of the 

3Q, third quartile values. parameters that determine the DLP value. 

 

 

Table 3. Mean CTDIw (mGy) and DLP (mGy cm) for head CT scans. 
 

Dose quantities Range Centre A Centre B Centre C Cumulative EG 

  
(GE 4-slice) 

(n ¼ 20) 
(Philips 16-slice) 

(n ¼ 16) 
(GE 16-slice) 

(n ¼ 18) 
average results 

(AþBþC) 
(EC, 1996) 

CTDIw (mGy) (17 – 117) 88 68 70 76 60 
DLP (mGy cm) (462 – 2007) 713 1098 597 789 1024 
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Comparison between two CT scanners of a different 
model but the same number of slices showed a differ- 
ence in DLP that was found to be statistically signifi- 
cant ( p ¼ 0.005) (Table 5). The explanation is the 
anticipated variation in CTDIw due to the inherent dif- 
ferences in equipment (namely the beam collimation, 
generator factors and tube target angle) and scanning 

protocol(4). It is known that manufacturers have speci- 

fied a +20 % margin of variation of CTDIw between 
scanners(7). 

 
 
 

 

 

Figure 1.  Mean adult head CTDIw  for Nigeria and some 

African and European countries. 
 

 

Table 4.  Dose comparison for the same scanner model. 

CONCLUSION 

The third quartile  values of CTDIw and DLP for 
typical brain CT scans for the sample were 77 mGy 
and 985 mGy cm. The CTDI and DLP evaluation 
was done following EC guidelines. However, variation 
in CTDIw and DLP for the same procedure was 
observed from one centre to another. This is due to 
the application of different scan protocols at each of 

Dose parameters Centre A 
(GE 4-slice) 

Centre C 

(GE 16-slice) 

p 
Value 

the centres. The reason the CTDIw was higher than in 
other studies is due to a high tube current and tube 
current-time product being employed. 

CTDIw  (mGy) 88 70 0.003 
DLP (mGy cm) 713 597 0.03 
      

 

Table  5.  Dose  comparison  for  different  types  of  scanner 
models. 

 

Dose 
parameters 

Center B 
(Philips 16-slice) 

Centre C 
(GE 16-slice) 

p 
Value 

 

    
  

 

Comparison of LDRL to established international values 

The recommended LDRL value for brain CT in Nigeria is 77 mGy. This is higher than the recom- mended 
value from the EC (60 mGy) and established data from the African countries with published data such as 

Sudan and Tanzania(6, 10). The reason for the higher value could be attributed to different scanners and scan 
protocols being used. 

 
Dose comparison between centres 

A comparison between two scanners  of the same model was done. The scanner with a lesser number of 
slices was found to have a higher absorbed dose in CTDIw and DLP. The difference was statistically sig- 
nificant for CTDIw and DLP ( p ¼ 0.003 and 0.03, respectively) (Table 4). 

CTDIw (mGy) 68 70 0.47 

DLP (mGy cm) 1098 597 0.0005 
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