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        Background: X-ray computed tomography (CT) 
examinations deliver a significant amount of radiation 
doses to patients comparing to conventional radiog-
raphy examinations. The objective of the current 
study was to analyze and investigate the average  
patient received dose from axial and spiral CT exams 
in a medical imaging center. Material and Methods: 
In this study, the patient imaging technique, weight 
and height were recorded. The patients’ doses            
provided by CT unit in terms of CTDIw were also           
recorded. Then, other dosimetric quantities including 
dose-length product (DLP) and effective dose were 
calculated for each patient using the recorded data. 
The average values were obtained for all the studied 
dosimetric quantities.  Also, their distribution in terms 
of examined regions and imaging mode; ie, axial and 
spiral CT were analyzed by SPSS software. Results: 
For all patients, the mean effective dose of 4.4 mGy 
with the standard deviation of 9.2 was found. The 
CTDIw for axial group was two times higher than spiral 
ones. Conversely, the effective dose of axial group 
was less than spiral group. Additionally, the effective 
doses of 2.3 and 5.2 mSv were found for axial and 
spiral, receptively. For both quantities of CTDIw and 
effective dose, the observed difference between axial 
and spiral modes were significant (P<0.001).               
Conclusion: Our results showed that although the 
patient doses in the current study was comparable 
with the reported values by similar studies in other 
countries, it was higher than the reported values of a 
similar study in Iran. Exposure technique’s optimaiza-
tion and further review in routine CT examinations 
were recommended. Iran.	J.	Radiat.	Res.,	2012;	10(2):		
89‐94 
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INTRODUCTION 
 

Although X-ray computed tomography 
(CT) examinations contribute to 35-45% of 
total medical radiation dose to the patient 

population in USA and Europe, the recent 
studies on patients’ received dose in X-ray 
CT examinations state that the number of 
CT exams are increasing with the advent of 
new technologies in this field (1, 2). On the 
other hand, patient doses from CT exams, 
compared with other conventional radiologi-
cal examinations, are small (3). Also, there 
have been statistically significant epidemio-
logical evidences of increase in cancer risk 
due to CT examinations (4, 5).  Thus, it can be 
readily understood that the relative                 
contribution of CT exams to the dose per 
capita of the population received from          
medical diagnostic exposures is increasing. 
Therefore, it seems rational to pay special 
attention to control and optimize exposure 
techniques in CT in order to reduce patient 
dose without any change in the clinical          
efficacy. The first step to reduce patient dose 
is to estimate the mean doses of patients 
undergoing CT examinations in every          
imaging center. Based on the obtained           
dosimetric data, one can decide on the next 
steps for optimization and dose reduction. 
Many studies have been performed to             
provide an estimate for patient received 
dose from medical X-ray exams in different 
countries, and recommended reference dose 
levels (2, 6-15).  

In the study of Bouzarjomehri et al. to 
estimate the patient dose from CT examina-
tions in Yazd-Iran, it was found that their 
mean effective dose was lower than other 
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countries such as UK and New Zealand (7). 
In another study by Ngaile et al. patient 
dose was calculated using CTDOSE          
software. Their results showed that the 
mean effective dose and its variation in  
Tanzania were comparable to six different 
counties in Europe (15). Another point to           
consider is the new technologies, such as 
spiral (helical) techniques, which could         
affect the patient dose in CT exams. Spiral 
techniques reduce the scan time considera-
bly and facilitate dynamic examinations. On 
the other hand, in spiral mode, the length of 
body exposed to radiation is increased in 
most cases (8).  

In the current study the patient mean 
doses in terms of weighted computed           
tomography dose index CTDIw, Dose-length 
product (DLP), and effective dose (ED) in 
different CT exams were estimated.               
Furthermore, the effect of imaging           
technique axial and spiral on patient dose 
was investigated. 

 
MATERIALS AND METHODS 

 
A GE/Hi speed CT unit in a private             

imaging center (Tabriz, Iran) with single 
array detectors was used in the current 
study. A complete set of annual quality            
control procedures was performed for the 
unit. The study was begun after approval of 
the accuracy of kVp, mA and time and 
CTDIw of CT unit by Iranian atomic energy 
organization. The CTDIw provided by the 
CT scanner was also measured by a            
standard pen dosimeter (Unforce, Sweden) 
with the length of 10 cm inside head, and 
body phantoms with the diameters of 16 
and 32 cm, respectively. The maximum             
difference between CT scanner reported 
CTDIw and the measured CTDIw was less 
than 10% in both head and body phantoms. 
Exposure technique for CTDIw measure-
ment consisted of 120 kVp, 100 mA, 2         
seconds, and 10 mm slice thickness. The 
mean CTDIw of five measuring points           
including one in the center and four at           
peripheral points were 13 and 5.5 mGy for 
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head and body phantoms, respectively.  
A total of 272 patients were entered the 

study, including 150 male and 122 female. 
They were divided into two major groups 

of axial and spiral. Patient’s information 
was recorded for each examination, includ-
ing name, age, weight, height, region of 
study, mAs, kVp, slice thickness (mm),  
number of slices, and CTDIw (mGy). The 
mean values for the number of slices, slice 
thickness and body mass index (BMI) of the 
patients are shown in table 1. Other          
dosimetric quantities including nCTDIw, 
DLP and effective dose were calculated for 
each patient using the equations 1-3.  

The nCTDIw, which is called normalized 
from of CTDIw, can be derived by the            
following formula: 

 
nCTDIw=CTDIw/C (mGy/mAs)          (1) 

 
Where C is the amount of exposure or 

simply is the mAs used for an examination. 
The dose length product (DLP) in terms of 
mGy.cm describes the radiation exposure 
for a full scan for each patient and was cal-
culated by equations 2 and 3 for axial and 
spiral CT respectively. 
 

DLP=∑i nCTDIw.T.N.C      (2) 
 

Where T, N and C denote the slice thickness 
(cm), number of slices and mAs respectively. 

 
DLP=∑i nCTDIw.T.A.t      (3) 

 
Where A and t are the tube current (mA) 

and total exposure time (s).  
The final calculated quantity was               

effective dose (mSv) which was calculated 
by multiplying DLP by dose conversion fac-
tors for various body organs (formula 4) (16, 

17). Table 2 shows the list of dose conversion 
factors used in the current study. 

 
Effective dose =DLP.EDLP (mSv)   (4) 

 
Where EDLP is the conversion factor in 
terms of mSv.mGy-1cm-1.  
  All examinations were performed with 
a large focus and 1.2 and 1.3 pitch values as 
a routine protocol for spiral techniques. 
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In the current study we used SPSS           
software (version.16) for the statistical      
analysis. The difference between the studied 
patient groups and quantities was statisti-
cally analyzed by t-test, one-way ANOVA 
and Post Hoc tests. P value <0.05 was             
considered as significant. 
 
RESULTS AND DISCUSSION 
 

For all patients in the study, the mean 
effective dose of 4.4 mGy with standard           
deviation of much more than mean 9.2 was 
found. 

Figure 1 shows the distributions of 
CTDIw for axial and spiral CT scans. The 
results of statistical analysis of both groups 
showed that mean CTDIw for spiral scans 
was significantly lower (two times) than     
axial mode. It can be partly related to             
differences in the slice thickness of axial 

and spiral techniques. The mean slice               
thickness of 4.7 and 7.7 mm were obtained 
for axial and spiral modes, respectively.           
According to previous studies, for small slice 
thicknesses, usually less than 10 mm with 
thin collimation width, the relative            
contribution of X-rays in the penumbra of 
the dose profile increases and leads to            
higher CTDI (3, 9). However, the magnitude 
of such an effect varies from one CT scanner 
to another and depends strongly on tube         
focus dimension, as well as collimation         
system (18). 

Among the exposure techniques, some of 
the affecting factors used for both axial and 
spiral scans are shown in table 1. It is         
evident that the number of slices and slice 
thickness used for axial scans are approxi-
mately 40-50% lower than those used for 
spiral scans. The body-mass index (BMI) of 
patients in both modes were not statistically 
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Technique  Number of slice  Slice thickness (mm)  BMI 

Axial CT 24 (11) 4.7 (2.9) 26.4 (4.2) 

Spiral CT 46 (20) 7.7 (2.8) 25.6 (4.9) 

Table 1. The Mean values for number of slices, Slice thickness and BMI of patients. The values in the parenthesis show the             
standard deviation.    

Figure 1.  Patients CTDIw (mGy) from X-ray CT examinations in two modes (A) axial  and (B) spiral . 
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different with P-value of 0.65.  Also, the 
mean kVp and mAs were very close each 
other for both modes. For both groups the 
spearman, non-parametric correlation           
analysis was performed for BMI and           
effective dose in both groups, and no mean-
ingful correlation was observed (P>2). 

In figure 2, the effective dose of patients 
in conventional and spiral mode are shown. 
As it can be seen that the mean effective 
dose for spiral mode is considerably higher 
(> two times) than the conventional mode. 
This can be attributed to the higher DLP 
values for spiral technique where larger 
number of patient was examined. The            
average values of DLP for axial and spiral 
technique are shown in table 2. There are 
remarkable differences between DLP of         
axial and spiral modes for different body 
regions. The highest difference has been  
observed in head, neck and chest regions 
which was statistically significant (P <0.01).       
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According to the results in table 2, The 
CTDIw of neck was almost two times higher 
for spiral mode. Also, there was a great          
difference of 3 folds in CTDIw for abdomen          
between axial and spiral modes. The CTDIw 
values in other regions, were comparable. 
Additionally, DLP was higher in all regions 
for spiral mode in comparison with axial 
mode, and the effective dose for spiral mode 
was significantly higher than axial mode in 
all regions.  In the study of Heggie, patient 
doses from X-ray CT exams were evaluated 
and some reference levels were proposed for 
different body regions. Our results in terms 
of DLP and effective dose were considerably 
(2-3 folds) higher than their results. This 
can be attributable to higher kVp and mA, 
as well as larger body length exposed in       
spiral CT exams in our studied center.            
According to their results patient dose           
optimization for CT exams should be            
performed for each institution for dose            

Figure 2. Patients’ effective dose (mSv) from X-ray CT examinations in two modes (A) axial and (B) spiral. 

Region DLP to ED            
conversion               

factor 

Average 
CTDIw 
(mGy) 

Axial 
Average DLP 
(mGy.cm) 

Average 
EffecƟve 

Dose (mSV) 

Average 
CTDIw 
(mGy) 

Spiral 
Average DLP 
(mGy.cm) 

Average      
EffecƟve 

Dose (mSV) 

Head 0.0021 49.4 (23.4) 730 (781.7) 1.53 (1.64 54 (21.5) 1345 (1621) 2.8 (3.4) 

Neck 0.0048 7.1 (5.5) 85 (75) 0.4 (0.5) 18.3(13.4) 765 (830) 3.7 (4) 

Chest 0.014 4.7 (5.2) 13.7 (16.2) 0.19 (0.22) 6.2 (3.5) 290 (315) 4 (4.4) 

Abdomen 0.012 39.3 (34.4) 375.4 (739) 4.5 (8.9) 11.3(15.5) 569.7(578.7) 6.8 (6.9) 

Pelvis 0.016 11.9 (3.6) 236 (175) 3.8 (2.8) 9 (3.6) 472.5 (305) 7.6 (4.8) 

Table 2. The mean values for CTDIw,DLP, and effective dose for different body regions in axial and spiral scans. 
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reduction purposes (19). However, comparing 
our results with the study of Brix et al. (8) 
showed that the patient dose from X-ray CT 
in our studied center was lower that their 
recommended reference values.   

In table 3 our results of CTDIw for               
different body regions were compared with 
two other similar studies of Bouzarjomehri 
et al. and Hidajat et al. The mean CTDIw for 
head and abdomen in our study was higher 
than Bouzarjomehri et al. for both conven-
tional and spiral modes. In other body          
regions, the mean CTDIw was very close and 
their differences were not statistically             
significant (P > 0.3).  

The mean effective dose of patients of our 
study and other countries’ are compared in 
table 4. As it is seen the results of present 
study are less than those reported by other 
countries, and in agreement with study of 
Bouzarjomehri et al. (6) additionally, they 
were significantly lower than values               
reported for Tanzania (15).  

In the study of Imhof et al. it was recom-
mended that radiologists should check each 
X-ray CT indication carefully and propose 

alternative imaging methods to avoid           
unnecessary exposures (18). Also, CT exami-
nation should be limited to the required 
part of body. So patient dose can be reduced 
considerably in spiral mode, as it was done 
in our studied center. Moreover, X-ray CT 
exams with and without contrast medium 
injection should not be performed as a           
routine procedure. Our results showed that 
more than 40% of patients undertake spiral 
CT with and without contrast injection in 
the studied center. This may cause extra 
dose to patients in spiral technique and         
increase the risk of radiation induced harm-
ful effects especially in young patients.  

Finally, In spite of general belief among 
the medical imaging staff on the lower         
patient dose for spiral exams, the results of 
the current study revealed that the patients’ 
mean effective dose is significantly higher 
for spiral mode. As a general role, higher 
pitch and lower mA and kVp are preferred 
for dose reduction in CT examinations.        
Additionally, application of shields for          
superficial sensitive organs such as eye-
lens, thyroid, and testis are recommended.  
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ExaminaƟon  Our study  Bouzarjomehri et al. (6)  Hidajat et al. (20) 

Head  Axial 49.4 20.3 18.2‐82.6 

Spiral 54 ‐‐‐‐ ‐‐‐‐‐‐‐ 

Neck  Axial 7.1 23.3 15.8‐61.6 

Spiral 18.3 26.8 15.7‐52.5 

Chest  Axial 4.7 8 18.8‐40.3 

Spiral 6.2 7.8 7.41‐39.5 

Abdomen  Axial 39.3 8.3 18.8‐47.5 

Spiral 11.3 8.9 11.9‐26.4 

Pelvis  Axial 11.9 8.3 23.7‐47.5 

Spiral 9 8.9 12.6‐25.3 

Table 3. Comparison of CTDIw (mGy) of the current study with other studies. 

Table 4. The comparison of reported mean effective dose (mSv) of patients from  X-ray CT examinations from our study and some 
other countries.  

Region of body 
This study 
Iran‐Tabriz 

Iran‐Yazd(7)  UK(21) 
New Zealand

(22) 
Norway(17)   Tanzania(15) 

Head  2.2 0.85 1.8 2.2 2 2.2 

Chest  2.1 5.43 8.3 9.9 11.5 12.2 

Abdomen  5.6 6.20 7.2 11.6 12.8 15.3 

Pelvis  5.7 8.45 7.2 7.2 9.8 13.4 
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CONCLUSION 
 

In the current study, the patient doses 
from X-ray CT examination was estimated 
for an imaging center in Tabriz-Iran. The 
results showed higher CTDIw for axial mode 
compared to spiral CT exams; however, the 
effective dose for sprial cases was higher 
than axial exams. In other words, spriral 
procedures caused higher radiation risk to 
patient in CT examination in the studied 
center.  It can be concluded that in order to 
reduce the patient dose for sprial CT exams, 
shorter scan length, justification for spiral 
CT examination and limiting the number of 
cases for with and without contrast               
examinations are necessary.  
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