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Abstract 
Purpose: It is well known that the main portion of artificial sources of ionizing radiation to human results from X-ray 
imaging techniques. However, reports carried out in various countries have indicated that most of their cumulative 
doses from artificial sources are due to CT examinations. Hence assessing doses resulted from CT examinations is 
highly recommended by national and international radiation protection agencies. The aim of this research has been to 
estimate the effective and organ doses in an average human according to 103 and 60 ICRP tissue weighting factor for 
six common protocols of Multi-Detector CT (MDCT) machine in a comprehensive training general hospital in 
Tehran/Iran. 
Methods: To calculate the patients' effective dose, the CT-Expo2.2 software was used. Organs/tissues and effective 
doses were determined for about 20 patients (totally 122 patients) for every one of six typical CT protocols of the head, 
neck, chest, abdomen-pelvis, pelvis and spine exams. In addition, the CT dosimetry index (CTDI) was measured in the 
standard 16 and 32 cm phantoms by using a calibrated pencil ionization chamber for the six protocols and by taking the 
average value of CT scan parameters used in the hospital compared with the CTDI values displayed on the console 
device of the machine. 
Results: The values of the effective dose based on the ICRP 103 tissue weighting factor were: 0.6, 2.0, 3.2, 4.2, 2.8, and 
3.9 mSv and based on the ICRP 60 tissue weighting factor were: 0.9, 1.4, 3, 7.9, 4.8 and 5.1 mSv for the head, neck, 
chest, abdomen-pelvis, pelvis, spine CT exams respectively. Relative differences between those values were -22, 21, 23, 
-6, -31 and 16 percent for the head, neck, chest, abdomen-pelvis, pelvis, spine CT exams, respectively. The average 
value of CTDIv calculated for each protocol was: 27.32 ± 0.9, 18.08 ± 2.0, 7.36 ± 2.6, 8.84 ± 1.7, 9.13 ± 1.5, 10.42 ± 0.8 
mGy for the head, neck, chest, abdomen-pelvis and spine CT exams, respectively. 
Conclusions: The highest organ doses delivered by various CT exams were received by brain (15.5 mSv), thyroid 
(19.00 mSv), lungs (9.3 mSv) and bladder (9.9 mSv), bladder (10.4 mSv), stomach (10.9 mSv) in the head, neck, chest, 
and the abdomen-pelvis, pelvis, and spine respectively. Except the neck and spine CT exams showing a higher effective 
dose compared to that reported in Netherlands, other exams indicated lower values compared to those reported by any 
other country. 
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Introduction 

Based on various reports from developing/developed countries 
[1-5], it is well known and established that the main portion of 
artificial sources of ionizing radiation to human results from X-
ray imaging techniques. Therefore, radiation protection 
legislatures are highly concerned about the long-term effects, 
such as cancer and genetic effects, resulted from the use of 
such techniques in medicine. Consequently, more attention has 
been paid to estimate patient doses from these radiological 
diagnostic procedures, especially the computed tomography 
(CT), recognized to be responsible for the greater contribution 
of population cumulative dose from such diagnostic techniques 
[1-5]. 

In 2003, a national study was conducted in England on a 
variety of imaging techniques based on X-ray [6]. This study 
found that 47% of the population dose from X-ray imaging 
techniques comes from CT practices while only 5% of all the 
X-ray exams are done by this modality. This rate has been 
increased to 68% of the cumulative dose by 2010 [7]. In 2013, 
a comprehensive research was also performed in the 
Netherlands to achieve the national's dose reference level and 
the level of doses resulted from 21 normal CT protocols [8]. 
The results indicated that although only 11% of various X-ray 
examinations are perform by CT, more than 47.5% of the 
national cumulative dose of this country is attributed to CT 
exams. In this study, the DLP and effective doses were 
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calculated for different protocols based on the latest tissue 
weighting factor proposed ion ICRP report no.103 [9]. The 
ratio of CT doses in the national cumulative doses reported in 
Norway[10], Switzerland [11] and the US [3] have been 60, 50 
and 67% respectively. 
 In addition, to the high-doses reported from CT exams in 
many countries, the frequency of the use of this imaging 
technique is also on the rise. For example, based on a report 
published in 2007 [12] approximately 62 million CT exami-
nations have been done in the USA per year. The number of 
CT examinations made annually in the Netherlands is reported 
by Van der Molen and colleagues [8]. According to this study, 
more than 1.16 million CT scans have just been performed in 
2010 in the Netherlands. The amount of this examination 
reported for Ireland in 2012 has been 200,000 [13]. 
 There are lots of similar reports [14, 15] indicating relatively 
a high level of doses contributed from CT exams in 
commutative doses, an increasing rate of the use of this 
modality, and finally the lack of a comprehensive study 
including various CT protocols used nowadays in multi 
detector machines. However it lasts about 10 years since the 
installation of a MDCT scanner in our hospital, so far, there is 
no dosimetry information on this scanner. Therefore, the 
purpose of this study was to evaluate the effective doses as 
well as organ doses resulted from six common CT protocols 
made by a modern multi detector machine in a comprehensive 
hospital in Tehran/Iran based the ICRP report 103 [9] and 60 
and comparing our resulting effective doses, CTDI and DLP 
values with other reports from other countries. It's necessary to 
know the magnitude of such data and compare them to other 
studies to know where we stand in terms of radiation protection 
issues. Such data, as a part of an optimisation process, will help 
to manage radiation doses from CT examinations which 
routinely performed in the hospital. 
 

Materials and methods 

CT Scanner 
The scanner investigated in this study has 16 Ultra-Fast 
Ceramic (UFC) detectors composed of 8 detectors having a 
width of 0.5 mm at the centre, 2 detectors with a width of 
1 mm, 2 detectors with a width of 2 mm, and 2 detectors with a 
width of 3 mm located around central detectors as shown in 
Figure 1. This combination of detectors allows the scanner to 
collect data in 4 different modes of: 0.5×6, 1×6, 2×6 and 3×6 
mm [16]. 
 

CT examination protocols 
Six common CT protocols including the head, neck, chest, 
abdomen-pelvis, pelvis and spine were studied. The CT scan 
parameters for every protocol were acquired from ~20 patients 
over a period of one month. For this purpose, an appropriate 
questionnaire was completed by the investigator for each 
patient during his/her examination. To reach an estimation of 
the effective dose for an average normal six Iranian patient, the 

selected female and male patients had a weight of 45-65 and 
60-80 kg respectively with an average height size leading to a 
normal BMI ranged from 20-25. 
 

Dosimetry procedure 
For CTDI measurement we used Barracuda multi meter and an 
ionization chamber model DCT-10 RS both manufactured by 
RTI Electronics (Sweden) with an active length of 10 cm, air 
volume of 4.9 cm3, an external electrode (the wall) having an 
internal diameter 8 mm and a wall thickness of 0.5 mm, and a 
central electrode with 1 mm diameter suitable for a range of 
80-150 kV which could be connected to the Barracuda multi 
meter providing an accurate measurement within ±5%. The 
Barracuda multi meter can be used to connect many ionizing 
probe types, including CT probes for a kV ranged from 80 to 
150 kV that had a calibration factor close to 1.0. 
 Two head and body phantoms with a diameter of 16 and 
32 cm respectively and a length of 15 cm made of polymethyl 
methacrylate (PMMA) with an effective atomic number of 6.6 
and a density of 1.8 g/cm3 were used for required dosimetric 
measurements. These phantoms have a hole in the centre and 4 
holes at their peripheries (located at 1 cm from the surface) 
having a diameter of approximately 13 mm that could be used 
for placing various dosimeter types including the pencil 
ionization chamber, TLD rods, etc. (Figure 2). First, the 
ionization chamber was put in the central hole of the phantom 
during the CT exposure for every protocol with other holes 
filled with suitable Perspex rods and the relevant value 
displayed on the reader was recorded. Then the dosimeter was 
put in other the peripheral holes while again the rest of the 
holes were filled with Perspex rods. 
 

 
Figure 1. Detector configuration of Siemens Emotion 6 [17]. 

 

Figure 2. View of the phantom, Barracuda multi meter and 
ionization chamber that used in this study. 
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These measurements were also used to get the CTDI100 in 
centre and peripheral the phantom. This procedure was 
repeated 3 times for every CT protocol and the average of 
readings was considered for it. Therefore, 15 exposures were 
performed for each protocol. Then the CTDIw was calculated 
by using the following equation: 
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  Eq. 1	

In which, the weighting factor of 2/3 and 1/3 are used for the 
peripheral and central CTDI100 values of the head and body 
phantoms  respectively [18]. Since CTDI is defined as the dose 
per unit length in z, its value should reduce with the increase in 
helical pitch. This leads to the introduction of CTDIvolume as 
mentioned in Equation 2: 

���������� = ���� ×
!	×	"

#
 Eq. 2 

In which n, T and L are the number of slices, slice thickness 
and the amount of the CT bed movement during the imaging 
procedure. (n×T)/L quantity in the spiral/helical CT is known 
as the pitch number (p). Finally, dose created during the scan 
(DLP) was calculated by multiplying CTDIv by scan length (L) 
as shown in Equation 3 [19,20]. 

�$% = ���������� × L Eq. 3 

While modern CT scanners display CTDIv and DLP for each 
scan, but quality control tests show that the displayed values 
are different from the measured ones [21] as they are calculated 
based on only the defined CT parameters of each protocol. 
Therefore, we compared the displayed and measured CTDIv 
and DLPs for each CT exam protocol to examine whether there 
is a significant discrepancy between them or not. 
 It should to note that all the values reported in this study are 
in mean ± one standard deviation (1 SD) format. For CTDI100 
measurements, as we mentioned above, we repeat 
measurements 3 times for every CT protocol and the average of 
readings was considered for it (measurement standard 
uncertainty). To CTDIw, CTDIv, DLP calculation the standard 
deviation is one standard deviation from the mean of patient's 
data which presented in Table 1. 

Effective dose calculation 
Although the best way to assess organs/tissues doses are direct 
dosimetry by using the thermo luminescent dosimeters (TLD) 
and anthropomorphic physical phantoms, using this method is 
time consuming [22,23]. Therefore, the Monte Carlo 
simulation method and mathematical phantoms are used for 
this purpose. Hence, to calculate organs/tissues doses and also 
effective doses for every CT protocol the CT-Expo v2.2 Monte 
Carlo based program was used [24] on both of average man 
and woman mathematical phantoms. The weighting factors of 
relevant organs/tissues required to be used for calculating the 
effective dose based on the ICRP 60 [25] and 103 [9] reports 
are mentioned in Table 2. 
 

Statistical analysis 
To comparison of calculated and displayed values of the 
CTDIv and DLP we used independent samples t-test. In all 
cases p value of 0.05 considered as significant. Statistical 
analyses were performed by SPSS IBM version 21. 
 
 
 
Table 2. Organs/tissues weighting factor based on the ICRP 
reports 60 and 103. 

Tissue or organ ICRP60 [1991] ICRP103 [2007] 

Gonads 0.2 0.08 

Red bone marrow 0.12 0.12 

Colon 0.12 0.12 

Lung 0.12 0.12 

Stomach 0.12 0.12 

Bladder 0.05 0.04 

Breast 0.05 0.12 

Liver 0.05 0.04 

Oesophagus 0.05 0.04 

Thyroid 0.05 0.04 

Bone surface 0.01 0.01 

Skin 0.01 0.01 

Brain Remainder organ 0.01 

Salivary glands -- 0.01 

Remainder tissues 0.05 0.12 

 
 

Table 1. The number of patients, their mean age and the average value of examination parameters undergoing six routine CT protocols. 

Scan Length 
(mm) ± SD 

Slice thickness 
(mm)  Collimation  mAs   ± SD kV Age   ± SD Patient nos. Gender Protocol 

131 ± 39 1, 3, 6  6×3  30  ±144  110 23  ±47  11 Male 
Head 

140 ± 12 1, 3, 6  6×3  16  ±154  110 17  ±52  9 Female 

305 ± 25 1.25, 2.5, 4  6×2, 6×1  45  ±146  110 17  ±45  16 Male 
Neck 

176 ± 45 1.25, 2.5, 4  6×2, 6×1  44  ±94  110 10  ±52  4 Female 

141 ± 74 2.5, 5  2×6  38  ±1296  110 23  ±54  11 Male 
Chest 

288 ± 39 2.5, 5  2×6  45  ±107  110 14  ±57  10 Female 

277 ± 107 2.5, 4  2×6  11  ±136  110 15  ±43  10 Male 
Spine 

285 ± 86 2.5, 4  2×6  18  ±139  110 12  ±53  10 Female 

464 ± 86 2.5, 4, 5, 8  2×6  22  ±101  110 19  ±57  8 Male 
Abdomen-Pelvis 

474 ± 72 2.5, 4, 5, 8  2×6  36  ±141  110 9  ±55  13 Female 

301 ± 47 2.5, 5  2×6  43  ±140  110 19  ±50  9 Male 
Pelvis 

298 ± 53 2.5, 5  2×6  29  ±126  110 14  ±62  11 Female 
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Results  

The average value of the CTDIv calculated was: 27.32 ± 0.9, 
18.08 ± 2.0, 7.36 ± 2.6, 8.84 ± 1.7, 9.13 ± 1.5, 10.42 ± 0.8 mGy 
for the head, neck, chest, abdomen & pelvis, pelvis and spine 
CT exams respectively based on the radiological parameters 
used for the CT protocol performed on the patients. The dose 
length product (DLP) was also obtained by multiplying the 
relevant CTDIv by the scan length for every CT protocol. 

These values were compared with the relevant CTDIv and DLP 
average values displayed on the scanner console (Figure 3). 
 From the recorded radiation parameters used for various CT 
examination of every patient, the required data was obtained 
and put in the CT-expo 2.2 calculation software to calculate the 
patient effective and organs/tissues doses. Effective (based on 
both of the ICRP 60 and 103 reports) and organ/tissue (based 
on the ICRP 103 report) doses calculated are shown in Figures 
4 and 5 respectively. 

 

  
Figure 3. Comparing the calculated and displayed CTDIv and DLPs values (mean ± 1SD) for every CT examination based on the 
radiological parameters of various CT protocols performed on the patients. 

 

 

Figure 4. Estimated effective dose based on patients’ radiological CT examinations and the ICRP reports 60 and 103 recommended 
organs/tissues weighting factors and the relative values [(E103-E60)/E60)]. E: the effective dose 
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Figure 5. Calculated organs/tissues doses from various CT examination protocols: a: Brain, b: Neck, c: Chest, d:Abdomen-pelvis e: Pelvis, f: 
Spine scans (mean of male and female). Bar lines indicate one standard deviation. 
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Table 3. Comparison of our measured CTDIv (mGy) and DLP (mGy·cm) values with other reports. 

Abdomen-Pelvis Pelvis Spine Chest Neck Head  

DLP CTDIv DLP CTDIv DLP CTDIv DLP CTDIv DLP CTDIv DLP CTDIv  

550 14 - - - - 576 13 - - 931 - The UK (2003) [6]  

645 13 - - 525 24 500 11 - - 890 58 The UK (2011) [7]  

726 16 - - - - 430 12 - - 990 60 EC (2004) [7] 

733 15 - - 617 34 453 12 - - 1086 64 Italy (2014) [27] 
598 12 - - - - 390 9 - - 940 66 Ireland (2010) [13]  

- - 332 - 308.2 - 320 - 329.9 - 813.3 - NSRD (2010) [8]  
- - 646 - - - 663 - - - 731 - Wales (2001) [29] 

419.4 8.84 268.9 9.13 295.2 10.42 217.3 7.36 292.3 18.08 371.4 27.32 This study 

 

Table 4. Comparison of our calculated effective doses (mSv) for the most common CT protocols with those reported in other countries. 

Abdomen-Pelvis Pelvis Spine Chest Neck Head   

- 6 6 5.8 3 1.6 The UK (2011) [7]  

According to 
ICRP 60 

- 7.65 7.04 5.35 2.7 1.95 EC (2008) [7] 

- 9.4 5 7.8 - 2.4 UNSCEAR (2008) [7] 

- 15.7 4.9 8.4 - 6.2 Tanzania (2006) [28]  

9.2 - 6.4 3.5 3.2 1.7 East Anglia (2004) [21] 

6.15 4.25 4.25 3.05 1.5 0.7 This study 

- 4.6 4.3 4.6 1.7 1.5 Netherland (2013) [8] 

According to 
ICRP 103 

- 4.3 4.3 4.6 1.7 1.5 NSRD (2010) [8] 

- 6 6.9 6.6 3 1.4 HPA (2008) [8]  

5.8 3.05 4.9 3.45 1.85 0.65 This study 

 

Discussion and conclusion 

In this study the CTDIv, DLP and effective dose were 
calculated for six frequent CT examinations of a 6 MDCT 
machine at a general hospital in Tehran/Iran. Our results 
showed that the highest and lowest CTDIv values belong to the 
head and chest scans respectively. Although the CTDIv of the 
head was more than that of the abdomen-pelvis scan, the later 
protocol indicated a higher DLP value due to its higher scan 
length (481.00 ± 60.34 mm) relative to that of the head scan 
(141.2 ± 10.53 mm). The maximum organ doses delivered 
from the head, neck, chest, abdomen-pelvis, pelvis, and spine 
CT examinations belonged to the brain (15.5 mSv), thyroid (19 
mSv), lungs (9.3 mSv), bladder (9.9 mSv), bladder (10.4 mSv), 
stomach (10.9 mSv) respectively. 
 Comparing our calculated CTDIv and DLP values for various 
CT protocols against the values reported by other investigators 
[6,8,13,26-27,29] for other countries indicate lower values for 
all the protocols (Table 3). Such differences are resulted from 
the using of different scan protocols which affect on radiation 
dose. Among the factors affecting on radiation dose the tube 
current-time, tube potential, slice collimation, and the scan 
length are most important which considered in this study. The 
selection of appropriate scanning parameters such as tube 
current-time, tube potential, slice collimation and etc, which 

affects the CTDIv, and the scan length, which affects the DLP, 
can decrease patients' doses significantly. In Table 4 our 
calculated effective doses obtained for every CT protocol are 
also compared with the similar protocols reported [7,8,21,28] 
for other countries. From the data presented in this table, it can 
be noted that our effective doses for the head, chest, pelvis and 
abdomen-pelvis scan are less than other reports. However, our 
neck and spine protocols show higher effective doses than 
those reported for the Netherlands [8]. Figure 4 indicates the 
effective dose values resulted from ICRP 60 and ICRP 103 are 
different and relative differences are 16, -31, -6, 21, -22 and 23 
per cent for spine, pelvis, abdomen-pelvis, neck, head and 
chest scans, respectively, which also have reported by 
Christner et al [30] (-39, 14 and -7 per cent for head, chest and 
abdomen-pelvis scans, respectively). 
 Except the head and neck protocols, there were no significant 
differences between the calculated and displayed CTDIv 
values. The maximum amount of differences noticed between 
the calculated and displayed CTDIv values belonged to the 
neck scan. This can be attributed to the wrong consideration of 
the shoulders in the field of view of the neck scan when 
estimated by the CT machine console. 
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