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ABSTRACT 

 
This study is a part of extensive project, aiming to investigate practice of 

computed tomography at various hospitals and to implement a Reference Dose 
Levels (RDLs) to routine CT examinations in Egypt. Patient-related data as well as 
technical parameters for head, chest, abdomen and pelvis examinations were 
collected for seven CT scanners in public and private hospitals. 

Dose measurements were performed for both axial and spiral models for a range 
of CT examinations using CT dosimetry head and body phantoms, and ion chamber 
designed for CT dosimetry. The determined CTDIw and DLP values were 
compared with the European Commission reference dose levels (ECRDLs) and also 
with some international survey results. 

Mean values of CTDIw had a range of 36–69 mGy with average 55 mGy for head, 
and 11–35 mGy with average 23 mGy for chest, abdomen and pelvis examinations. 
The current reference CTDIw values are 60 mGy for adult head and 25 mGy for 
adult Abdomen.  

 
Key words: Computed Tomography, Radiation exposure, Reference levels, and computed 
tomography dose index. 

 
INTRODUCTION 

 
      Since the introduction of the CT scanners into the clinical practice in early 70’s as a sophisticated 
tool that provides high quality cross-sectional x-ray images of the body, it has been known that CT 
leads to high radiation dose to patients compared to other radiological examinations. CT is a 
diagnostic imaging modality giving higher patient dose in comparison with other radiological 
procedures, so the calculation of organ dose in CT exams is very important.  
 
     The radiation dose within the patient volume scanned during a CT scanning procedure depends 
primarily on the nominal slice thickness, the mAs, and the kV.  
 
      Worldwide, CT represents about 3-7 % of all medical X-ray examinations and provides a 
contributions up to  41% to the resultant collective dose according to the united nations scientific 
committee on the effects of atomic radiation (UNSCEAR,2000)- [1].Therefore, special attention 
should be given to quality assurance programmes including quality control measurements and patient 
dosimetry. 
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      The objective of this study was to carry out a survey to assess patient dose  for common CT 
examinations at different hospitals in Egypt, and hence compare our results with other surveys carried 
out in some countries, and the dose criteria proposed in the “European quidelines on quality criteria 
for  computed tomography” (EUR 16262)- [2]. 
 

In order to ensure optimization of performance and patient protection in CT procedures, the 
European commission have suggested use of two reference dose quantities; weighted computed 
tomography dose index (CTDIw) for a single slice, and dose-length product (DLP) for a complete 
examination. The CT Dose Index (CTDI) is the most common parameter defined to represent the 
integrated dose to one point in an axial scan and is defined as “the integral along a line parallel to the 
axis of rotation (z) of the dose profile D(z) for a single slice, divided by the nominal slice thickness T” 

 
CTDI = 1/T ∫ D(z) dz.      (mGy)          (1) 

 
In practice, a convenient assessment of CTDI can be made using a pencil ionization chamber. 

Such measurements may be carried out free-in-air on the axis of rotation of the scanner (CTDIair), or 
at the center and peripheries of standard CT dosimetry phantom, (CTDIc), (CTDIp). Such 
measurements of CTDI in the standard phantom can be used to provide an indication of the average 
dose over a single slice for each setting of nominal slice thickness. 
    
     On the assumption that dose in a particular phantom decreases linearly with radial position from 
the surface to the center, then the average dose to the slice is approximated by the weighted (CTDIw): 
 

CTDIw = 1/3 CTDIc + 2/3 CTDIp     (mGy)  (2) 
 
Where, CTDIc is measured dose at center of the phantom, and CTDIp is, the average dose at different 
peripheries of the phantom. 
 The dose-length product for a complete examination is defined by the equation; 
 

DLP = Σ  CTDIw T N         (mGycm)  (3) 
 
   Where N is the number of slices, each of the thickness T (cm) in a particular sequence. 
Monitoring of DLP provides control on the volume of irradiation and overall exposure for an 
examination. 
     
     The CTDIw is a quantity calculated from measurements using a single slice scan, and it is directly 
represents the average dose along a scanned length only for contiguous slices where (packing factor = 
1 in axial mode), or for (pitch = 1 in spiral mode).   However, for non-contiguous slices or for pitches 
other than one, a z-axis correction factor must be applied. The resultant value can be thought as the 
averaged dose to the scanned volume. This corrected CTDIw can be termed the “ z-axis averaged” 
CTDIw (zavCTDIw), the “pitch averaged” CTDIw, or the CTDIvol implying a dose averaged over a 
volume [3]. 
This can be given as: 
 

CTDvol = PF/CTDIw       (axial scaning) 
 

CTDIvol = CTDIw/PF     (spiral scaning) 
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Where, 
PF = n x T / d 

Pitch = d / n x T 
                    
Where,   n: number of slices acquired simultaneously. 
                 T:  nominal slice thickness.         
                 D: distance moved by the couch per tube rotation. 
 
     In this study, the (GE sytec) and (GE prospeed) are both conventional CT scanner, that the axial 
mode, is the only technique could be applied for all examinations. The rest scanners are spiral, but 
they are capable to perform axial mode. The Philips MX-8000 scanner has the ability to perform 
multi-slice scans. 
 
      In most cases related to spiral scanners, the Head examinations are performed using axial mode, 
where chest, abdomen and pelvis cases are performed using spiral mode, with average pitch factor 
(PF=1.25). 
     
     The objective of this study was to measure radiation doses for computed tomography (CT) at 
different hospitals in Egypt for the head, chest, pelvis and abdomen examinations and compare them 
with the diagnostic reference levels, as part of the International Atomic Energy Agency Research 
coordination project. 
 

MATERIALS AND METHOD 
 
    Examinations were categorized as follows: (1) brain; (2) chest; (3) abdomen; and (4) pelvis. Setting 
of, nominal slice thickness T, KV and mAs, were selected as recommended for general examinations, 
at each hospital, for standard sized patients. 
     
     CTDI measurements were performed using Victoreen 6000-100 CT probe of      10 cm sensitive 
length, the chamber is a direct method and less time consuming. The chamber was connected to 
Victoreen 4000 electrometer, in Acrylic Plastic head phantom for head examination, and in a body 
phantom for chest, abdomen and pelvis examinations. 
  
      The head phantom was a cylindrical (15 cm thick and 16 cm diameter) solid Perspex phantom with 
five 13 mm diameter holes drilled parallel to its long axis, one at the axial center and four around the 
peripheries, 90° apart and 1 cm from the edge. Each of the holes could be plugged with a cylindrical 
solid Perspex rod. The body phantom was identical to the head phantom, with a 32 cm diameter. 
 
      All measurements were carried out in 6 hospitals (public and private) for 7 different CT units. 
Table 1 shows the parameters for examinations of the different body regions. For all the CT scanners, 
the head are examined by means of the conventional (axial) technique, using 120 kVp, except for one 
scanner E used 140 kVp and scanner G with 130 kVp. Only one machine uses 8 mm slice thickness 
for the whole examination of the head, where the other machines uses slices of 5 mm for the skull 
base and 10 mm for the brain. The variable parameter between scanners was the mAs setting, which 
were ranging between 150-360 mAs. 
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The weighted CT dose index (CTDIw) and Dose-Length Product (DLP) were determined for 
each examination and protocol. 

 
 

Table 1. Scanning parameters for current protocol in some common examinations 
 

 CT Scanner Examination kVp mAs Slice thick. 
(mm) 

A GE –Sytec 
(conventional, Axial) 

Head 
Chest, abdomen, pelvis 

120 
120 

180 
234 

5, 10 
10 

B Philips MX-8000 
(Multislice spiral) 

 

Head 
Chest, abdomen, pelvis 

120 
120 

150 
250 

5, 10 
10 

C Toshiba Xvision 
(single slice spiral) 

 

Head 
Chest, abdomen, pelvis 

120 
120 

360 
400 

5, 10 
10 

D GE prospeed-S 
(conventional,Axial) 

Head 
Chest, abdomen, pelvis 

120 
120 

260 
320 

5, 10 
10 

E Siemens,somatom-4 
(single slice spiral) 

Head 
Chest, abdomen, pelvis 

140 
120 

256 
113 

8 
10 

F Toshiba, Asteion 
(single slice spiral) 

 

Head 
Chest, abdomen, pelvis 

120 
120 

300 
250 

5, 10 
10 

G Siemens, Somatom, 
Balance 

 (single slice spiral) 
 

Head 
Chest, abdomen, pelvis 

130 
130 

260 
90 

5, 10 
10 

 
 

RESULTS 
 
     CTDIw was calculated for each scanner from an average of three measurements in the head 
phantom and another three measurements in the body phantom. DLP was estimated for each type of 
examination. Mean values of CTDIw had a range of 36.0-69.0 mGy for head and 11.0-35.0 mGy for 
chest, abdomen and pelvis examinations.  

 
     The weighted CTDI values determined in this study are listed in table-2 for both, head and body 
phantoms, along with the proposed EC reference levels. Results show that the Egyptian hospitals meet 
the EC RDLs for abdomen and pelvis examinations, in terms of radiation dose and examination 
technique.  
 
      For general head cases, the CTDIw values for the scanners C, F, and  G, are slightly exceeding the 
EC reference doses. As far as chest examination is concerned, although CTDI(w) of each scanner is 
within proposed values. The scanners A, and B produce doses relatively close or equal to the 
reference level of the chest cases where the scanners C, F, and G, their values are slightly exceeding 
the EC reference doses. 
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Table 2.  Measurements of CTDIw for scanners and the EC reference values 
 

 Examination Slice thick (mm) CTDIw (mGy) 
A Head 

Chest, abdomen, pelvis 
5, 10 

10 
50/55 

30 
B Head 

Chest, abdomen, pelvis 
5, 10 

10 
55 
27 

C Head 
Chest, abdomen, pelvis 

5, 10 
10 

69/65 
29 

D Head 
Chest, abdomen, pelvis 

5, 10 
10 

45/48 
18 

E Head 
Chest, abdomen, pelvis 

8 
10 

36 
11 

F Head 
Chest, abdomen, pelvis 

5, 10 
10 

64/60 
25 

G Head 
Chest, abdomen, pelvis 

5, 10 
10 

66/66 
23 

EC  
Reference Dose 

Head,  
Chest 

Abdomen, pelvis 

 60 
30 
35 

 
Mean DLP values had a range of 430-1015 mGy.cm for brain, 308-1240 mGy.cm for chest, 

330-1340 mGy.cm for abdomen and 220-682 mGy.cm for pelvis examinations. Table 3 shows the 
DLP values for different examinations along with the EC reference levels.  

 
About one third of the DLP values is consistently exceeded the reference values, probably 

because of the large irradiation volume length L. It is anticipated that a reduction of L, or product 
mAs, or their combination, will reduce DLP without affecting image quality.  
 

Table 3: DLP for each scanner and the EC reference 
 

Scanner DLP (mGycm) 
 Head Chest Abdomen Pelvis 

A 750 1240 1340 670 
B 450 960 1147 682 
C 1015 725 870 580 
D 690 450 540 360 
E 518 308 330 220 
F 940 625 750 500 
G 891 575 690 460 

EC (reference dose) 1051 650 800 570 
 
      Table 4 shows that the range of CT doses measured in this study are comparable to other CT doses 
of surveys performed in some countries. 
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Table 5 shows the corrected values relative to pitch factors other than one, CTDIv are presented for 
spiral mode examinations for average pitch factor (PF=1.25). This leads to a decrease in dose to 
nearly 20%. 
There are no evidences that the modern spiral CT scanners produce radiation doses,  
lower than the conventional CT scanners, (table 2), unless large pitch factors are applied and low 
body extent are scanned (table5). 
 

Table 4. Comparison of average measured CTDIw in this study with other studies 
 

Exam. 
 

Shrimpton et al 
(England) [4] 

Goddard et al 
(Oman) [5] 

Hidajat et al 
(Germany) [6] 

Egypt 
(this study) 

Head 
 

50 64 42 55 

Chest 
 

20 20 13 23 

Abdomen 
 

25 29 11 23 

Pelvis 26  11 23 

 
 
 
 

Table 5. CTDIv and DLP values listed for pitch factor 1.25 for the spiral scanners 
 

CT Scanner CTDIv (mGy) 
(Chest, abdomen, Pelvis) 

DLP  (mGy.cm) 
Chest    abdomen     Pelvis 

Philips MX-8000 
 

22 768           918          546 

Toshiba Xvision 
 

23 580           696          464 

Siemens somatom 4 
 

9 246           264          176 

Toshiba, Asteion 
 

20 500           600          400 

Siemens, somatom, Balance 
 

18 460           552          368 

 
 

DISCUSSION 
 

Wide variations of mean CTDIw and DLP values among hospitals observed for similar CT 
examinations were mainly attributed to the variations of CT scanning protocols and scanner types. 
The mean CTDIw values per examination for almost all hospitals were below proposed RDLs, while 
about one third of mean DLP values per examination were above the proposed RDLs . These were 
mainly influenced by the large scan length used in hospitals. In order to achieve the required level of 
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dose for establishment of the national RDLs, it was concluded that further investigation of 
optimization of scanning protocols is needed. 
Finally, despite the technical design differences between the scanners, the physical parameters, 
mainly the kV, mAs settings and scanned length are of impotent role in controlling the absorbed doses 
to patients undergoing CT examinations. Reducing mAs of the examination protocol, especially for 
patients who are thinner than standard sized man, increasing the pitch factor for spiral CT and 
lowering the number of slices in axial CT, or the length of scanned volume in spiral CT would be 
resulted in decreasing both the CTDI and DLP values. 
  

CONCLUSION 
 
     Results obtained show that the range of CT doses measured in this study are  comparable to other 
CT doses of surveys performed in some countries, (table 4). 
The results showed that in most cases, when compared with the reference values, the mean CTDI were 

found to be within the reference values except for few examinations. This indicates that more attention 
needs to be given, and also suggests that radiographic departments need to review their radiographic 
practices in order to bring their doses to optimum levels. The data provided in this work led to an 
increased awareness amongst professionals in diagnostic radiology for reduction of dose. Also it will 
be useful for the formulation of national guidance levels, continuous monitoring of our radiographic 
technical parameters and radiographic equipment and help to correct and improve them if necessary. 
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