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Abstract. A survey of the frequency of common computed tomography (CT) examinations and the doses of six 
(6) CT facilities in Ghana has been undertaken. The technique factors for both adult and paediatric examinations 
were assessed. The dosimetric parameter used was the weighted computerized tomography dose index (CTDIw) for a single slice and the 
dose length product (DLP) for complete CT examinations of chest, chest high resolution (HR), lumbar spine, abdomen and pelvis. The 
effective dose (E) was estimated to give the stochastic radiation risk of a non-uniform exposure in terms of a 
whole  body exposure.  It  was  observed  that  some  facilities  used  the  same  adult  CT  technique  factors  for 
paediatric patients. Mean values of adult CTDIw ranged as: chest (7.1-29.7 mGy), chest HR (7.1-30.0 mGy), lumbar 
spine (13.4-42.4 mGy), abdomen (7.8-42.4 mGy) and pelvis (8.9-42.4 mGy). Mean paediatric  CTDIw values 
ranged as: chest (6.4-29.7 mGy), chest HR (6.4-30.0 mGy), lumbar spine (10.1-42.4 mGy), abdomen (10.1-42.4 
mGy) and pelvis (10.1-42.4 mGy). The mean adult DLP values ranged as: chest (178-594 mGy cm), chest HR 
(168-594 mGy cm), lumbar spine (287-848 mGy cm), abdomen (233-848 mGy cm) and pelvis (228-848 mGy 
cm). However the mean paediatric DLP values ranged as: chest (128-594 mGy cm), chest HR (113-594 mGy 
cm), lumbar spine (253-848 mGy cm), abdomen (146-848 mGy cm) and pelvis (202-848 mGy cm). The E 
values for adults ranged as follows: chest (3.0-10.1 mSv), chest HR (2.9-10.1 mSv), lumbar spine (4.3-12.7 
mSv), abdomen (3.5-12.7 mSv) and pelvis (4.3-12.7 mSv). The results  show some agreement with  diagnostic 
reference levels of CTDIw  DLP and E values from literature.  Nevertheless, further optimisation studies are needed to 
further reduce patient doses and  modifications of technique factors especially for paediatrics.
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Introduction

The United Nations Scientific Committee on the effects of Atomic Radiation (UNSCEAR)   estimated 
in its 2000 report that computed tomography (CT) contributes 34% of the annual collective dose to the 
global  population  of  exposure  from medical  X-rays  [1].  Since  its  introduction  in  the  1970s,  CT 
scanners have undergone through tremendous transformations, from single slice to multi-slice spiral 
acquisitions with wide applications such as in endoscopy and angiography. The wide applications of 
CT has been used for the development of hybrid systems like Single Photon Emission Computed 
Tomography (SPECT-CT), Positron Emission Tomography (PET)-CT, and the use of CT simulator in 
radiotherapy treatment planning.

The  greatly  increased  availability  of  CT,  together  with  its  value  for  an  increasing  number  of 
conditions, has been responsible for a large rise in popularity. So large has been this rise that, in the 
most  recent  comprehensive survey in the United Kingdom (UK),  CT scans constituted 7% of all 
radiologic  examinations,  but  contributed  47%  of  the  total  collective  dose  from  medical  X-ray 
examinations in 2000/2001 [2]. In the United States (US) and Japan for example, there were 26 and 64 
CT scanners  per  1  million population  in  1996.  In  the  US,  there  were  about  3  million  CT scans 
performed in 1980, compared to an estimated 62 million scans in 2006 [3].  In 2009 a number of 
studies appeared that further defined the risk of  cancer that  may be caused by CT scans  [4]. The 
increased use of CT scans has been the greatest in two fields: screening of adults (screening CT of the 
lung in smokers,  virtual  colonoscopy,  CT cardiac screening and whole body CT in asymptomatic 
patients)  and  CT  imaging  of  children.  Shortening  of  the  scanning  time  to  around  one  second, 
eliminating the strict need for subject to remain still or be sedated, is one of the main reasons for large 
increase in the paediatric population [3]. CT scans of children have been estimated to produce non-
negligible increases in the probability of  lifetime  cancer mortality,  leading to calls  for  the use of 
reduced current settings for CT scans of children [5]. 

There  is the need to manage patient doses in CT especially that of paediatric patients since children 
are  more  sensitive  and likely to  get  radiation induced cancer  than adults.  Unfortunately,  there  is 
inadequate  information  on  CT  examination  frequencies  and  patient  doses  in  many  developing 
countries. The International Atomic Energy Agency (IAEA) initiated a technical cooperation project 
in  the  regions  of  Europe,  Asia  and  Africa  in  2005  on  strengthening  radiological  protection  and 
medical exposure control. The initial results of patient doses in 18 countries from the IAEA project 
indicate  that  there  is  the  need  to  increase  awareness  among  radiology  staff  of  radiation  dose 
management  in CT [6].  This paper focuses on the task on patient dose management  in computed 
tomography with special  emphasis  on paediatric patients.  These initial  results  from the survey of 
frequency of CT examinations in Ghana of the project are presented.

Methodology

The method of survey adopted was to identify the various CT facilities in the country, frequency of 
routine  CT examinations  and the  exposure  parameters  used for  adults  and children patients  from 
questionnaires.  The dosimetric quantities  that  were used were  the  computerized tomography dose 
index (CTDI), dose length product ( DLP) and effective dose (E).   

CT facilities and exposure factors

Although there are eight (8) CT facilities in Ghana [7] at the time of the survey, only 6 facilities took 
part in this survey (Table 1). 
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Table 1: Survey of CT facilities in Ghana
Hospital CT manufacturer Model Year of 

installation
Type of Hospital 
(Public/Private)

A Philips Tomoscan EG 
AN8851/220M  

2000 Public  

B Siemens Somatom AR Star 2002 Public
C Siemens   Somatom Balance 2003 Public  
D Marconi 

Medical 
Select 21708208 2005 Private

E Philips MX 8000 2006 Public
F General Electric Light Speed VCT 2009 Private

Dosimetric quantities used
Computerised Tomography Dose Index

The framework of CT dosimetry is well grounded in literature [8-10].The most common dosimetric parameter used to estimate 
patient doses in CT are the weighted computerized  tomography dose index (CTDIw) for a single slice and the dose length 
product (DLP) which for a complete examination. In this survey, the CTDIw was determined by either of the following three 
methods: (i) direct phantom measurements, (ii) calculation using internet based method and (iii) noting 
down the values from display of CT console. 

In  (i),  the CT radiation dose profile was integrated along the 100-mm active length of the pencil 
ionization  chamber  (CTDI100)  and  was  measured  at  the  centre  and  peripheral  positions  within 
cylindrical  polymethylacrylate  (PMMA) phantoms of 16 and 32 cm in diameter.  These phantoms 
simulate the head and body of a patient respectively. On the assumption that the dose in a particular 
phantom radiation decreases linearly with position from the surface to the centre, it was approximated 
by weighted CT dose index (CTDIw) [8]. CTDIw is used to provide a weighted average to account for 
variations  of  the  centre  (CTDI100centre)  and the peripheral  (CTDI100peripheral)  dose measurements.  This 
value was  calculated by using  equation  (1)  while  the  DLP values  were  also calculated  by using 
equation (2). 

CTDIw = [(1/3)·(CTDI100centre)]+[2/3]·(CTDI100peripheral)] (mGy) [8]                                                  (1)

CNTCTDIDLP
N

i
wn ...∑=  (mGy.cm)                                                                                       (2) 

where nCTDIw is the normalized CTDIw per radiographic exposure (mGy/mAs), i represents each one 
of   the  individual  scans  forming  part  of  an  examination  and N is  the  number  of  slices,  each of 
thickness T (cm) and radiographic exposure C (mAs). In the case of helical (spiral) scanning of an 
examination, DLP values were calculated by using equation (3).

tATCTDIDLP wn ⋅⋅⋅=  (mGy cm)                                                                                          (3)

where for each of helical sequence forming part of an examination, T is the nominal slice thickness 
(cm), A is the tube current (mA) and t is the total acquisition time (s) for the sequence. In (ii), the free 
software available on the internet,  and developed by the Imaging Performance Assessment of CT 
scanners (ImPACT) Patient Dosimetry Program produced by the Medicines and Healthcare products 
Regulatory  Agency  (MHRA)  group  was  used  to  calculate  CTDIw and  DLP  using  the  exposure 
parameters for examination of actual patients [11].  The software, which provides a wide range of 
CTDI and DLP values for various CT scanners can also be used to calculate the volume CTDI (CTDIv 

in the case of multi-detector row scanners), which is the ratio of CTDIw to the pitch factor [8]. In (iii), 
post CT scan  display of CTDIw or CTDIv values were directly read out from the CT console, which 
has been recommended by the Electrotechnical Commission in 1999 [12, 13]. These values were used 
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to derive the corresponding DLP values from the product of CTDIv, nominal slice thickness (in cm), 
number of slices and tube current-time product (in mAs). 

Effective Dose 

The effective dose (E) gives an estimate of stochastic radiation risk of a non-uniform exposure in 
terms of a whole body exposure and is common to all modalities that utilize ionising radiation. It is a 
concept  used  to  normalise  partial  body irradiations  relative  to  whole  body irradiations  to  enable 
comparisons of risk [14, 15]. The estimate of the effective dose determined by using from values of 
DLP for a CT examination using appropriately normalized conversion factors found in the European 
guidelines for CT [8, 16]. by using equation (4).

  DLPEE DLP=                                                                                                                          (4)

where EDLP is the anatomy-specific dose coefficient expressing effective dose normalized to DLP in a 
standard CT dosimetry phantom (in mSv.mGy-1.cm-1) [16].

Results

A summary of CT examinations at Hospitals where adult  CT exposure parameters were noted for 
paediatric  patients  are  presented  in  Table  2.  Some  centres  were  observed  to  be  using  the  same 
technique factors for both adults and paediatrics, and in some cases even higher factors for paediatrics 
than adults in some examinations. 

Table 2: Summary of CT examinations at the hospitals where adult CT exposure parameters were 
used for paediatric patients. In the table, N/A indicates non applicable. 

Hospital CT Examinations in which exposure factors 
were  noted  for  both  adult  and  paediatric 
patients

CT  Examinations  in  which  exposure 
factors  for  paediatric  patients  were 
noted to be higher than adults 

A Used mainly for head CT Used  mainly  for  chest  and  abdominal 
CT

B N/A Used mainly for head CT
C Used mainly for head CT N/A
D Used for all CT examinations N/A

The Frequency of paediatric CT examinations as compared to adults  in each hospital is shown 
in Table 3. 

Table 3: Frequency of paediatric CT examinations in each hospital.
Hospital Total number of CT examination per year

adult Paediatric (< 15 y) Frequency of paediatric CT (%)
A 3120 1820 36.8
B 3380 520 13.3
C 4160 3120 42.9
D 2600 1040 28.6
R 7280 1040 12.5
F 2190 146 6.3

Computed Tomography Dose Index (CTDIw)
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The mean CTDIw values for adults of the hospitals that took part in the survey are shown in Table 4 
while the mean CTDIw values for paediatric patients are in Table 5. 

Table  4: Mean  CTDIw values  for  adults  of  the  hospitals.  The  CTDIw determination  method  is 
indicated as based on phantom measurements (P), calculation from literature or internet data (I) or 
console display (C). The DRLs are indicated in brackets for each type of examination considered [8]. 
Dash (-) indicates that no data was available.
Hospital Mean adult CTDIw (mGy)

chest [30] chest HR [35] Lumbar spine [35] abdomen [35] Pelvis [35]
A (I) 15 15 15 15 15
B (I) 17,9 18 17,9 17,9 17,9
C (I) 7,1 7,1 13,8 7,8 8,9
D (P) 29,7 30 42,4 42,4 42,4
E (I) 11,4 11,4 13,4 13,4 13,4
F (C) 7,4 - 34,2 18,5 9,7

Table  5: Mean  CTDIw values  for  paediatric  patients  of  the  hospitals.  The  CTDIw determination 
method is indicated as based on phantom measurements (P), calculation from literature or internet 
data (I) or console display (C). Dash (-) indicates that no data was available.

Hospital Mean paediatric CTDIw (mGy)
chest chest HR Lumbar spine abdomen pelvis

A (I) 20 20 22,5 22,5 22,5
B (I) - - - - -
C (I) 6,4 6,4 13,8 5,7 -
D (P) 29,7 30 42,4 42,4 42,4
E (I) 9,4 9,4 10,1 10,1 10,1
F (C) - - - - -

Dose length product (DLP)

The mean DLP values for adults of the hospitals that took part in the survey are illustrated in Table 6. 
The DRLs are indicated in brackets for each type of examination considered [8]. The  mean DLP 
values for paediatric patients of the hospitals that took part in the survey are in Table 7. 

Table 6: Mean DLP values for adults of the hospitals. 
Hospital Mean adult DLP (mGy cm)

chest [650] chest HR [280] Lumbar spine [780] abdomen [780] Pelvis [570]
A (I) 525 525 675 675 375
B (I) 287 287 287 287 287
C (I) 178 178 353 233 228
D (P) 594 594 848 848 848
E (I) 287 168 402 335 283
F (C) 443 - 541 685 299
                                                     
Table 7: Mean DLP values for paediatric patients of the hospitals. Dash (-) indicates that no data was 
available.

Hospital Mean paediatric DLP (mGy cm)
chest chest HR Lumbar spine abdomen Pelvis

A (I) 500 500 563 563 563
B (I) - - - - -
C (I) 128 128 352 146
D (P) 594 594 848 848 848
E (I) 188 113 253 202 202
F (C) - - - - -
Effective dose
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The distribution of the mean effective dose (E) from adult CT examinations of the hospitals in the 
survey is illustrated in Figure 8. The E values found in our study was compared with other E values 
from Clarke at al [17], Tsapaki et al [18] and Olerud M [19] . 

Figure 1: Distribution of mean effective dose (E) from adult CT examinations of the hospitals. AHC 
had no data on Chest HR at the time of the survey.

Discussion

Our analysis of the technique factors used by the CT facilities revealed that some centres used the 
same adult CT technique factors (kVp and mAs) for paediatric patients and in some cases a higher 
mAs  value for  paediatrics  than adults  (Table 2).  For instance,  Hospitals  A and C used the same 
technique factors mainly for  head CT examinations while D used for all  CT examinations.  Also, 
Hospitals A and B were also noted to use exposure factors for paediatric patients which were  higher 
than adults.
 
The frequency of paediatric CT examinations  is shown in Table 3. The percentage (%) frequency of 
paediatric CT examinations ranged from 6.3 to 42.9% with the breakdown as follows: A (36.8%), B 
(13.3%), C (42.9%), D (28.6%), E (12.5%) and F (6.3%) as illustrated in Figure 1. This demonstrates 
an increased contribution of paediatric CT examination to the total number of CT examinations and 
some studies support informing parents of the risks of paediatric CT scanning [20]. 

The mean CTDIw values for adults as illustrated in Table 4 shows that doses ranged as: chest (7.1-29.7 
mGy), chest HR (7.1-30.0 mGy), lumbar spine (13.4-42.4 mGy), abdomen (7.8-42.4 mGy) and pelvis 
(8.9-42.4 mGy).When these values were compared with the DRLs [8], most centres recorded CTDIw 

values that were below the DRLs. However, the CTDIw values at D for lumbar spine, abdomen and 
pelvis  examinations  exceeded  the  DRL  values  (Table  4).  This  calls  for  greater  optimisation 
approaches at this facility in order to further reduce patient doses. Similarly, the mean CTDIw values 
for paediatric patients as illustrated in Table 5 shows that the doses ranged as: chest (6.4-29.7 mGy), 
chest HR (6.4-30.0 mGy), lumbar spine (10.1-42.4 mGy), abdomen (10.1-42.4 mGy) and pelvis (10.1-
42.4 mGy).  It must be mentioned that the mean CTDIw at C was lower than majority of the mean 
CTDIw at centres that used adult technique factors for children (Table 2).

The mean DLP values for adults as illustrated in Table 6 shows that the of doses ranged as: chest 
(178-594 mGy cm), chest HR (168-594 mGy cm), lumbar spine (287-848 mGy cm), abdomen (233-
848 mGy cm) and pelvis (228-848 mGy cm). A comparison with the DRLs [8], indicate that most 
centres were well below the DRLs. However, the DLPs for chest HR at A, B and D exceeded the 
DRLs.  In addition,  the DLP for lumbar  spine, abdomen and pelvis at  D also exceeded the DRLs 
(Table 6).  This also calls for further optimisation approaches at these facilities in order to further 
reduce the doses to patients. Similarly, the mean DLP values for paediatric patients as illustrated in 
Table 7  shows that the of doses ranged as follows: chest (128-594 mGy cm), chest HR (113-594 mGy 
cm), lumbar spine (253-848 mGy cm), abdomen (146-848 mGy cm) and pelvis (202-848 mGy cm). 
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Notable centres (A and D) that used adult technique factors for all CT examinations recorded high 
DLP values with F, being the only exception.

In this survey, the distribution of E for adult patients ranged as: chest (3.0-10.1 mSv), chest HR (2.9-
10.1 mSv), lumbar spine (4.3-12.7 mSv), abdomen (3.5-12.7 mSv) and pelvis (4.3-12.7 mSv) (Figure 
1). Our values compare with other E values estimated by Clarke et al [17], Tsapaki et al [18]   and 
Olerud M [19].  It should be noted that the main uses of effective dose according to ICRP is for, 
prospective  dose  assessment  for  planning  and  optimisation  in  radiological  protection,  and 
demonstration of compliance with dose limits for regulatory purposes [14].

The radiation dose for a particular study depends on multiple factors: volume scanned, patient build, 
number and type of scan sequences, and desired resolution and image quality. The choice of exposure 
parameters is a complex task and depends to a large extent on the anatomical region to be scanned, the 
size  and  pathology of  the  patient  [21].  There  are  some  parameters  that  operators  can  use  as  an 
optimisation tool to achieve dose reduction.  For instance, the intensity of X-ray beam is typically 
proportional  to  the  square  of  tube  potential  (kVp).  Some  studies  have  reported  that  even  minor 
modifications in the tube potential value can result in significant changes in image noise and radiation 
dose [22].  Also an adjustment  of  mAs can be a means  of  dose reduction [23-25],  since dose is 
proportional  at  constant  kVp  and  filtration.  Additionally  in  helical  and  multi-detector  computed 
tomography  (MDCT)  CT  scanning,  two  parameters  that  can  be  adjusted  easily  and  that  have  a 
profound effect on radiation dose are tube current and pitch [26]. The extent of body irradiated (scan 
length) affects the DLP and operators must limit the region of interest to the one actually required for 
the examination.

Conclusion

A survey of the frequency, exposure factors, computed tomography dose index, dose length product 
and effective dose from common CT examinations in 6 hospitals in Ghana has been assessed and 
presented, with the mean dose values compared with diagnostic reference levels. Some CT facilities 
recorded  CTDIw and  DRL  values  that  were  below DRLs  whilst  others  recorded  high  values  as 
compared to the DRLs. The effective dose estimates also compare with other studies. It came out of 
the survey that the frequency of paediatric CT examinations is increasing and therefore demands more 
attention since cells of children are more sensitive to radiation and are likely to get radiation induced 
cancer than adults. 

The various tools available to radiologists, referral clinicians, radiographers, etc. that can be used in 
order to lower the exposure to ionizing radiation during a CT scan especially in children must be fully 
utilized. Such options as justification, optimisation and modifications of exposure parameters must be 
explored  in  CT  scanning.  The  training  and  continuous  refresher  courses  for  such  staff  is  also 
recommended in an era of rapidly changing technologies. 
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