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Abstract 

 
 

This study is aimed at estimating the radiation doses and associated risks in computed tomography 

examinations at three hospitals in South-western, Nigeria. A total of 238 adult patients’ data were 

retrieved from three different scanners (Toshiba Aquillion 64-slice, Philips Brilliance 16-slice and GE 8-

slice) representing three hospital facilities in Lagos, South-Western Nigeria.  Data retrieved were: 

demographic data and exposure-related parameters. Measurements of CT dose indexes (CTDI) were 

performed on the scanners and CT-ExPO dosimetry software was used to estimate absorbed dose to 

the organs. Risk of cancer was also estimated using the mean effective doses and the ICRP 103 

conversion factors. Mean organ doses for the brain, eye lens, thyroid, breasts, stomach, ovaries/testicles 

for head, chest and abdomen CT procedures were (58.1, 74.9, 12.6, 19.5, 25.4, 25.3/3.8) mGy 

respectively. Mean CTDIvol and DLP values for the head, chest and abdomen procedures from the 

three hospitals were 43.2±13.9, 14.4±4.86, 14.0±5.31 and 973.1±421.5, 433.2±162.3, 699.1±322.4 

respectively. The overall risk of cancer per procedure ranged from (8-30) x 10 -5/Sv, (40-52) x 10 -5/Sv, 

(9-18) x 10 -5/Sv for head, chest and abdomen CT scans respectively. These values were comparable to 

other values obtained in literature. Large variations in mean organ doses were observed among same 

CT procedures in the different hospitals. These variations depended largely on the variations in CT 

protocols used in the different hospitals and scanner type. Protocols tailored to clinical indication, 

patient size and scan region will contribute largely to protocol optimization. It is important that facilities 

optimize exposure parameters so as to stay within acceptable limits of radiation dose.  
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Introduction 

Computed tomography (CT) examinations uses x-rays 
to make detailed pictures of structures inside the body 
and constitutes the largest contribution to radiation 
exposure of the population thereby making diagnostic 
medical x-rays the largest man-made source of 
ionizing radiation exposure [1]. Estimation of dose 
from a CT procedure has been made possible with the 
use of dose descriptors: Computed Tomography Dose 
Index (CTDI) and the Dose Length Product (DLP). 
The CTDI is a commonly used radiation exposure 
index and has its unit as the gray (Gy) and can be 

used together with patient size to determine the 
absorbed dose [2]. The CTDI is estimated by integrating 
over the dose profile for a single axial rotation, then 
dividing by the nominal beam width. 

𝑪𝑻𝑫𝑰 = 𝟏/𝒏𝑻 𝑫 𝒛 𝒅𝒛
+𝒛

−𝒛
   (1) 

 

where n is the number of slices acquired per single axial 
rotation, T is the width of a single acquired slice and nT 
is the nominal beam width and D(z) is the radiation 
dose measured at position z along the scanner‟s main 
axis – the dose profile. This measurement is often made 
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using a 100-mm standard pencil-ion dose chamber 
representative of the integration length which is the 
scan length [3]. 

 

𝑪𝑻𝑫𝑰𝟏𝟎𝟎 = 𝟏/𝒏𝑻 𝑫 𝒛 𝒅𝒛
+𝟓𝟎𝒎𝒎

−𝟓𝟎𝒎𝒎
  (2) 

 

The weighted CTDI was introduced to account for 
homogenous dose distribution imparted by a CT scan 
which is much more than that imparted by 
radiography, but somewhat larger near the skin that 
at the centre of the body [4]. 

 

𝑪𝑻𝑫𝑰𝑾  = 𝟏
𝟑 𝑪𝑻𝑫𝑰𝟏𝟎𝟎𝒄𝒆𝒏𝒕𝒓𝒂𝒍  + 𝟐

𝟑 𝑪𝑻𝑫𝑰𝟏𝟎𝟎𝒑𝒆𝒓𝒊𝒑𝒉𝒆𝒓𝒚

 (3) 

 

In CT, the total amount of radiation incident on the 
patient is known as the DLP and it is the product of 
the CTDIvol and scan length (in cm) measured in 
mmGy.cm. The DLP indicates the total amount of 
radiation (ie intensity ͯ scan length) used to perform 
the CT examination and is quantified in a cylindrical 
phantom of a specified size (that is, 16 or 32cm in 
diameter). The CTDIvol and DLP are related by the 
expression [5]. 

 

𝐷𝐿𝑃 =  𝐶𝑇𝐷𝐼𝑣𝑜𝑙  . 𝑛𝑇    (4) 

 

where nT is the total scan length. The effective dose 
(ED) takes into account the equivalent doses to all 
exposed organs as well as the organ radiosensitivity 
[6]. It is the uniform whole body dose that has the 
same nominal radiation risk of carcinogenesis and 
induction of genetic effects as any given non-uniform 
exposure. A major benefit of the effective dose is that 
different types of exposure to ionizing radiation, such 
as chest CT radiography (~0.05mSv) and chest CT 
(~5mSv) can be intercompared on a common scale [2]. 
The DLP is directly proportional to the patient‟s 
effective dose. Dividing the effective dose by the DLP 
yields an ED/DLP ratio. This ratio is a conversion 
factor that can be used to convert “DLP” data into a 
corresponding estimate of effective dose [7]. 

There is a small theoretical risk of carcinogenesis 
attributable to low doses of ionizing radiation based 
on epidemiological evidence at higher doses and dose 
rates. Several studies such as life span study of atomic 
bomb survivors, medical studies and experimental 
animal research have investigated the correlation 
between radiation exposure and cancer risk [6]. 
Radiation doses delivered during diagnostic 
procedures should not cause deterministic effects. 
This study is aimed at estimating the radiation doses 

and associated risks in computed tomography 

examinations at three hospitals in South-West Nigeria 
for the purpose of identifying facilities with unusually 
high doses and hence suggests possible parameters for 
protocol optimization. 

 

Materials and Methods 

A total of 238 adult patients‟ data were retrieved from 
three different CT scanners (Toshiba Aqullion 64-slice, 
Philps Brilliance 16-slice and GE Bright speed 8-slice) 
representing three hospital facilities A, B and C in 
Lagos, South-Western Nigeria.  Patient demographic 
data (age and sex) were collected as well as exposure-
related parameters. Patients‟ data collected consisted of 
100(42%) head examinations, 56(24%) chest 
examinations and 82(34%) abdomen examinations 
respectively. Ethical clearance was obtained from 
hospital management following due process for 
individual hospitals. Data was manually retrieved via 
questionnaire sheets from the DICOM. CT dose index 
measurements were performed free-in-air on all 
scanners using a 100 mm pencil-shaped ionization 
chamber (Raysafe X2 CT sensor) along with an 
electrometer (Raysafe X2 Base unit). The calibration of 
the ion chambers was traceable to the Secondary 
Standards Dosimetry Laboratory of the National 
Institute of Radiation Protection and Research (NIRPR), 
University of Ibadan, Ibadan and was calibrated 
according to the International Electrical Commission 
(IEC) standards and a calibration factor of 1.00 was 
obtained. CTDI100 measurements were normalized to the 
mAs values used per procedure. Organ and effective 
doses were estimated using the CT-ExPO dosimetry 
software and the estimated risk of cancer per procedure 
was determined by multiplying the mean effective dose 
per procedure by the ICRP 103 conversion coefficients. 
The measurements used in this study were the routine 
CT examinations of the head, chest and abdomen which 
are the commonest CT procedures. These examinations 
represent about 90% of the overall CT examinations 
performed in Nigeria.  

 

Results and Data Analysis  

The mean values of scan parameters conducted in each 
hospital for CT examinations (head, chest and 
abdomen) were analyzed and the results given in table 
1. 

The results of CTDIair normalized values are displayed 
in table 2 below for each scanner model to assess the 
influence of the CTDI values from the scanner and the 
applied potential on the dose delivery accuracy of the 
scanners.  
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Table 1. Mean scan parameters per hospital 

CT Exam Hospital      mA Scan Length(cm)     kVp Slice thickness Pitch 

 

HEAD 

 

     A 

     B 

     C 

   149.4 

   225.0 

   90.0 

 25.4 

 24.3 

 16.3 

  112.7 

  120.0 

  120.0 

   0.5 

   2.0 

   1.3 

  0.7 

  0.2 

  1.0 

 

 

CHEST 

 

     A 

     B 

     C 

   222.8 

   200.0 

   288.7 

 

 45.4 

 30.3 

 28.6 

  104.0 

  120.0 

  120.0 

   0.5 

   2.0 

   1.3 

  1.5 

  0.2 

  1.4 

 

ABD 

 

     A 

     B 

     C 

   161.7 

   200.0 

   267.5  

 57.1 

 93.6 

 43.5 

  104.5 

  120.0 

  120.0 

   0.5 

   5.0 

   1.3 

  0.9 

  0.2 

  1.4 

 

Table 2. Normalized CTDI100air values  

Scanner model Tube Potential    Mas Exposure time CTDI100 nCTDIair 
(mGy/mAs) 

Toshiba Aqullion 
(A) 

  120   258   2.7  58.5   22.7 

Philips Brilliance 
(B) 

  120   450   4.2     68.6  15.2 

GE Bright speed 
(C) 

  120   280   1.0  13.5    2.3 

 

Table 3 . Mean exposure parameters  

CT Examination     Hospital        CTDIvol (mGy)      DLP(mGy.cm) 

 

HEAD 

 

       A 

       B 

       C 

       40.9  ± 14.9 

       56.9  ± 15.8 

       43.7  ± 10.4 

     1043.0  ± 451.4 

     1275.2 ± 373.2 

       717.2 ± 196.3 

 

CHEST 

 

       A 

       B 

       C 

       11.6  ±   0.8 

       14.7  ±   8.8 

       15.1  ±   3.5 

       529.2 ± 109.2 

       333.2 ± 287.1 

       437.2 ±   96.1  

 

ABDOMEN 

 

       A 

       B 

       C 

       16.3  ±   4.7 

       11.2  ±   6.3 

       13.3  ±   4.7 

       899.9 ±   316.9 

       583.0 ±   348.7 

       574.5 ±   215.1 

 

Table 4 . Mean Organ doses per hospital  

Hospital Brain Eye lens Thyroid Breast Stomach Ovaries/Testicles 

    A    51.0    65.4  25.2 18.9  35.1  13.3/0.3 

    B 121.1 158.6 13.4 15.7  24.9    9.6/0.1 

    C   46.4   59.9   8.8 20.9  16.8  13.8/6.7  

 

Table 5 . Mean Effective Doses per hospital 

CT Examination Hospital  Effective dose (mSv) 

 

HEAD 

 

       A 

       B 

       C 

   2.7 

   5.3 

   1.6 

 

CHEST 

 

       A 

       B 

       C 

   9.4 

   7.5 

   8.1 

 

ABDOMEN 

      A 

       B 

 17.5 

 11.9 
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        C    9.4 

 

Table 6 . Overall Cancer risk per procedure   

CT Examination Hospital  Cancer risk (x 10-5/Sv) 

 

HEAD 

 

       A 

       B 

       C 

   14.9 

   29.2 

     8.8 

 

CHEST 

 

       A 

       B 

       C 

   51.7 

   41.3 

   44.6 

 

ABDOMEN 

 

       A 

       B 

       C 

   17.5 

   11.9 

     9.4 

 

Table 7 . Risk of cancer development for specific organs (x 10-2) 

Hospital      Thyroid        Breasts       Stomach         Ovaries 

      A        0.6          0.1         23.7           1.3 

      B        0.7          0.1         16.8           0.9 

      C        0.2          0.2         11.4           1.3 

 

Table 8 . Comparison of mean CTDIvol and DLP of this study with similar studies 

Examination Dose Characteristics This study EC (2014) Ogbole& Obed 
(2014) 

Muhammad (2016) 

Head CTDIvol 

DLP 

43.2 ± 13.9 

973 ± 421.5 

 60 

1000 

73.5 

1898 

60 

1024 

Chest CTDIvol 

DLP 

14.4 ± 4.9 

433.2±162.3 

30 

400 

22.7 

1189 

10 

407 

Abdomen CTDIvol 

DLP 

14.0 ± 5.31 

699.1±322.4 

35 

800 

37.9 

1902 

15 

757 

 

 

Discussion 

Comparison of mean scan parameters among all the 
three hospitals studied revealed that hospital C had 
the lowest scan parameters for their head examination 
but highest for their chest and abdomen scans. It is 
worthy to note that hospital C performs all head 
examination in axial mode with a pitch value of 1 
compared to the others. Theoretical information 
indicates that high pitch values bring about decrease 
in radiation dose because of shorter acquisition time. 
The chest and abdomen scans of hospital C revealed 
high mAs values and this was accounted for by the 
pitch values and shorter scan lengths in comparison 
with the other two hospitals. Hence, making the 
output exposure from hospital C the lowest for all 
their routine CT examinations. Hospital B on the other 
hand showed considerably high values of DLP for 
head examination in comparison with the other two 
hospitals due to the pitch and mAs values; these 
parameters directly influence the dose. Hospital A on 
the other hand recorded highest values of DLP for 

both chest and abdomen examinations in comparison 
with the other two hospitals. Comparison of mean  

 

CTDIvol and DLP from this study with similar studies 
and with the EC (2014) reference dose limits expressed 
in table 8, showed that the values from this study was 
below the studies of recent related studies [8, 9] while 
within acceptable limit with the EC (2014).  

In the CT dose index measurements, the default head 
examination protocol for each hospital was used to 
perform the free-in-air measurements and comparison 
of the normalized CTDIair values with the CTDIvol 
values obtained during typical head examination, 
showed wide variations. Although, the mean CTDIvol 
values for all three hospitals was in the range of     40-
50mGy, these values were larger than the normalized 
CTDIair values by more than 100%. Hospital B had the 
highest CTDIvol and DLP values for their head and 
abdomen examinations and this effect was also evident 
in their values for organ doses for head examination. 
Dose limits are applied to workers and to the members 
of the public. Dose limit for effective dose for individual RECAST 
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radiation workers and individual members of the 
public are set at 20mSv/yr and 1mSv/yr respectively 
[10].  In this study, the values of effective dose 
obtained were the mean effective dose per procedure 
which implies the radiological risk to the population 
for each examination. These values were used to 
estimate the risk of cancer for a specified population 
exposed in each procedure. 

Risk of carcinogenesis per procedure indicates that for 
hospital B, there was a risk of cancer among 29 
persons in a 10,000 population exposed to head CT 
examinations in the hospital. Likewise, a risk of cancer 
in the stomach region is likely among 24 persons in a 
1000 population exposed to abdomen CT 
examinations in hospital A. Carcinogenic and genetic 
effects (Stochastic) which can be a resultant effect of 
some level of risk following a radiological procedure. 
This effect which has no threshold value of exposure 
to radiation dose implies that any small amount of 
radiation involves an increase in cancer risk and the 
probability increases linearly with increasing radiation 
dose. The most widely accepted model for the 
stochastic effect is the „Linear Non-threshold Model‟. 
On the other hand, deterministic effect (tissue 
reactions) has a threshold of dose (below this 
threshold, the effect is not produced) and the severity 
increases with the dose (e.g skin injuries, cataracts 
etc.) [6, 11].  

 

Conclusions 

Organ and effective doses from routine CT 
examinations of the head, chest and abdomen 
examinations from 3 hospitals in South-West Nigeria 
have been used to estimate risk of cancer for patients. 
The mean exposure values from this study were 
found to be lower than values obtained in literature 
and also lower than the EC reference values of 2014. 
Although the values were within acceptable ranges, 
there is still need to constantly apply the ALARA 
principle in the design of scan protocols so as to keep 
doses within acceptable limit. Any medical procedure 
involving ionizing radiation should be based on the 
clinical benefit (Justification) without forgetting the 
radiological risk to the patient [12]. There is need for 
the design of patient-specific and indication-based 
protocols as steps towards optimization. Furthermore, 
periodic CT dose index measurements should be 
carried out as part of quality assurance/control checks 
in addition to image quality checks to maintain a 
balance between image qualities and dose output. 
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