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Establishment of regional diagnostic reference level for CT 
planning of breast cancer and comparing them with 

international values 

INTRODUCTION 

In external radiation therapy (RT), the healthy 
tissues around malignant cells are in the path of             
radiation, and unfortunately they absorb unwanted 
radiation. Therefore, before starting radiation              
therapy, it is necessary to determine the appropriate 
dose for the tumor. The best solution is to prepare              
a Computed Tomography (CT) scan with cross-
sectional images. In fact, CT scan is the only and best 
way to calculate three-dimensional (3D) dose                 
distribution in external beam radiation therapy. The 
scan before radiotherapy for the purpose of                    
treatment planning is called Computed Tomography 
planning (CTp). In CTp procedure, for the patients 
with unilateral breast cancer, both breasts are               
exposed by X-rays directly. Previous research has 
determined that CT scans have a high radiation dose 
that can increase the risk of carcinogenesis (1). On the 
other hand, CT planning involves high-quality images 
and a variety of scan sizes, so the dose levels are              
typically higher than those of diagnostic CT scanning. 
Hence, when CT scan is used, the amount of dose  

received by the patient should be considered, and 
should be controlled by ALARA principle.  

In scanning volumes that include the breast tissue, 
there are higher effective doses (2). On the other hand, 
the breast tissue is a sensitive organ to radiation; so 
stochastic risks, such as breast cancer will increase. 
In order to reduce patient risks such as breast cancer, 
all ionizing radiation imaging processes, including CT 
planning, need to be adjusted to reduce the effective 
dose. To minimize the dose in imaging procedures, 
dose reference level (DRL) was introduced by the 
International Commission on Radiation Protection 
(ICRP) in 1996 and its compliance is required by the 
directive of European Commission 13/59 of the               
European Atomic Energy Community (EURATOM) (3). 
Compared to diagnostic CT scans; few studies were 
conducted on DRLs in radiation therapy computed 
tomography (RTCT). This deficiency is in terms of the 
legislative bodies' negligence and ignorance of the CT 
scans role in RT that impeded the development of 
DRLs in this field. By complying with DRL for                
diagnostic imaging, such as CT scan, dose reduction 
was observed over time (4) therefore, we can hope 
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ABSTRACT 

Background: All over the world, Computed Tomography (CT) scan is used as an 
essential method in radiation therapy treatment planning. Ionizing radiation for the 
medical exposures should follow principle "As Low as Reasonably Achievable" (ALARA) 
to reduce the dose. The objective of this study is to establish a Diagnostic Reference 
Level (DRL) for breast Computed Tomography planning (CTp) and compare it with 
other DRLs because there are no dose guidelines for breast cancer CTp in Iran. The 
established DRL can be used for dose optimization in CT planning. Materials and 
Methods: We surveyed six RT centers in Tehran and collected data from patients with 
breast cancer, who were of average size, regarding the volume Computed 
Tomography Dose Index (CTDIvol), the dose length product (DLP), the dose parameters, 
the scan length, the thickness of the slices, and the use of automated exposure control 
(AEC). DRLs were calculated for each dose descriptor using the rounded 75th 
percentile of the distribution of means. Results: Data were collected on a total of 90 
breast cancer CT localization scans from six CT centers. Significant variation was 
observed in mean DLP and mean CTDIvol among centers (p value < 0.0001). Moreover, 
mean mAs and scan length significantly differed across centers (p < 0.0001). Calculated 
DRLs for breast localization are 296.29 mGy cm and 6.64 mGy for DLP and CTDIvol, 
respectively which were lower compared with other studies conducted in this field. 
Conclusion: There were differences in doses used for breast CT planning among 
centers. DRLs were proposed for dose optimization and patient radiation protection in 
CT planning.  
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that the same result will happen in the case of RTCT.   
Since dose levels of CT planning are lower than 

radiotherapy doses, some critics may believe that 
there is no need to create DRLs in CT planning, but 
this analogy is not correct because CT planning 
should be considered a non-therapeutic diagnostic 
procedure like radiology and diagnostic CT scan.  

O'Connor et al. established the first national DRL 
in breast CT planning. The study found that CT dose 
varied across centers, hence developing DRL is               
necessary for optimizing CT (5). Zalokar et al. offered 
that the imaging techniques of CT planning should be 
examined and improved, because statistically               
significant discrepancies in CTDIvol values discovered. 
Therefore; they established DRL for CT planning           
procedures in Slovenia (6). Weber et al. estimated 
CTDIvol and DLP parameters related to breast tissue in 
CT planning (7). Bozanic et al. obtained DRL for breast 
cancer CT planning by calculating the third quartile of 
CTDIvol and DLP. The comparison of these calculated 
numbers with international values showed that             
optimizing the CT planning method in Croatia is             
necessary (8). 

Based on the articles (9-11), breast cancer is the 
second most common cancer in the world. In the 
course of women's lifetime, one in eight women is 
susceptible to developing breast cancer. Women are 
more likely than men to develop breast cancer, with 
women experiencing 100 times more cases than men. 
This kind of cancer affects more than 1.5 million 
women worldwide each year. In fact, there are             
methods to treat breast cancer, but prevention for 
this type of cancer is still a challenge worldwide (9,11) 
and one of the most important solutions is reduction 
of unreasonable dose in diagnostic radiation                 
modalities like CT planning. A patient who is a                 
candidate for radiation therapy, should take a CT 
planning examination before RT.  In Iran, like the 
global statistics, the number of women with breast 
cancer is high (12,13). Although there are many articles 
on radiology and CT scan doses, there has been no 
study on CT scan planning dose. CT planning is         
essential before RT but no attention was paid to CT 
planning doses until now. 

Breast CT planning doses were discussed among 
selected RT centers in Tehran and then DRLs were 
calculated by the recorded dose parameters. The   
calculated DRLs can be the basis for limiting and   
optimizing the radiation dose in CT planning for 
breast cancer patients in Tehran, and finally, they can 
lead to the protection of all organs, especially               
radiation_sensitive organs that are directly exposed 
to radiation.  

We believe the importance of radiation protection 
can be further shown by conducting studies on the 
received dose and introducing DRLs for the patients 
with breast cancer. Therefore, we established the 
first regional diagnostic reference levels (DRLs) for 
breast CT planning, in Iran. Since DRLs were             
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introduced for optimization by the International 
Commission on Radiological Protection (ICRP) (14), 
the dose and DRLs values reduced in CT scan               
procedures over the years (4). DRL serves as a              
threshold to facilitate the identification of high doses 
that are unjustified. As a consequence, this study's 
results can be used as a basis for DRLs in breast             
cancer CT planning, which will facilitate optimization 
in future studies. 

 
 

MATERIALS AND METHODS 
  

Study population   
Ethical approval (IR.IUMS.REC.1398.1310)              

granted by the Research Ethics Committee, Iran            
University of Medical Sciences, Tehran, Iran. This  
audit concentrated on CT localization scans of              
females with breast cancer who were getting                   
tangential breast radiation therapy (RT). Six RT             
centers accepted the invitation to participate in a 
dose survey. It was decided to exclude the                       
post-mastectomy population, patients with oversize 
bodies and patients with bilateral breast cancer for 
the purpose of collecting data. European guidelines 
recommend a minimum sample size of 10 patients for 
dose evaluation; this number is used in various             
diagnostic research projects (15). We selected 15              
patients from each center and all of the data collected 
for this research were completely anonymous. 

Ninety patients with breast cancer were selected 
to complete the data of this research within six 
months. They were required to have a CT scan before 
treatment. Parameters related to each patient's scan, 
including age and gender, milliampere second (mAs), 
kilovoltage (kV), pitch factor, scan length, slice              
thickness, the volume Computed Tomography Dose 
Index (CTDIvol), dose length product (DLP) were             
recorded. A predetermined checklist was used to   
record device information, including the                      
manufacturer, year of installation, number of              
detector rows, the presence or absence of automatic 
exposure control (AEC) and the model of the device. 
All devices have already passed quality control (QC) 
tests in the past year (table 1).  

 

Data registration 
For each patient, immediately after finishing the 

scan, dosimetry information including CTDIvol, KVp, 
mAs, scan margin, DLP and pitch factor were                  
recorded using the Picture Archiving and                
Communication System (PACS) and the scanner           
console. 

 

Dose estimation  
Dose calculation software called "NCICT" (version 

2.01) designed to calculate organ dose. NCICT;           
National Cancer Institute dosimetry system for            
Computed Tomography, is a dose calculator (16). We 
measured the effective dose and the received dose to 
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breast and sensitive organs over the course of this 
study. This software provides information about scan 
length in centimeters and doses using gender, size of 
patient, scan margin, CTDIvol, KVp, mAs, DLP and 
pitch factor. 

 

Phantom study 
To confirm the accuracy of data obtained from 

patient scan, standard CT dosimetry based on the 
protocol recommended by the European Commission 
was performed (15). Head and Body Nested phantoms 
(04-203 - Pro-CT Dose, (Pro-Project) Okszow,               
Poland) was used. These phantoms are made of Poly 

Methyl Methacrylate (PMMA). The diameter of the 
body phantom is 32 cm, and it has four holes at 90° 
intervals on the periphery. The diameter of the head 
phantom is 16 cm, and it has one hole in the center. 
Head phantom placed inside the body phantom. To 
measure the dose, a CT Dose Profiler probe 
(ionization chamber of the pencil type) and Ocean 
2014 Professional software (RTI Group, Sweden) 
were used. The CT Dose Profiler probe is a point dose 
detector that has a solid-state sensor placed 3 cm 
from the end of the probe that it puts in the phantom 
holes (figure 1). 
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Table 1. The specifications of CT scanners in centers (CMC, P, SHT, EH, SH7T and F are abbreviations for centers in this study). 

country of origin CT company Year of installation Number of detector rows CT model CT scanner center 

United States 
General Electric 

company 
2012 16 Light speed 

General 
Electric (GE) 

CMC 

German Siemens 2018 16 sensation Siemens P 
German Siemens 2004 16 emotion Siemens SHT 
German Siemens 2005 1 emotion Siemens EH 

Japan Toshiba 2016 16 Aquilion Toshiba SH7T 
 German  Siemens 2018 16 Somatom scope power Siemens F 

 
 

 
 
 

Every CT scan center placed the CT Dose Profiler 
probe in one hole of the phantom and recorded the 
scan parameters (kV, pitch (-), tube rotation time (s), 
collimation (mm) and phantom type (body) using 
Ocean 2014 Professional. Then the phantom was 
scanned with the same parameters as the routing 
protocol. This way of doing a dosimetry test was           
repeated for all five holes in the phantom.                   
Immediately after each exposure for one hole, 
CTDI100 (mGy) was shown by Ocean software. Since 
the CTDI100 is a linear measurement of the dose               
distribution on a pencil ionization chamber, it is not 
considered. Therefore the CTDIw (Weighted                   
Computed Tomography Dose Index) (mGy) and the 
CTDIvol (mGy) were obtained by the following               
equations (1 and 2) (17): 

 

 
        (1) 

 
 
 

    (2) 
 

(CTDIw is the first proposed quantity as a                  
reference dose for a single axial rotation) (18).  

(CTDIvol is a standardized value of the scanner of a 
computed tomography system) (19). 

 

Statistical analysis 
CTDIvol and DLP are the main dose descriptors in 

CT dose research (20), which were finally used for the 
evaluation of DRLs as the dose reference level in this 
survey, and then they were compared with other  
research in this field. Generally speaking, DRLs 
should be given at the 75th percentile of the median 
dose distribution (21), while some researchers             
propose optimizing at the 25th percentile (22);                
however, this would also affect the quality of the           
picture. In this survey, DRLs were calculated based on 
the 75th percentile of median dose distribution and 
did not rate the quality of the images. The obtained 
information was recorded in Excel software version 
2016 and SPSS software version 22 for analysis and 
processing. After checking the distribution of CTDIvol 
values and using the Kolmogorov-Smirnov test, it was 
determined that the distribution of this variable            
follows the normal distribution; therefore, one-way 
ANOVA and Tokay's post-test were used to examine 
the difference in the mean of CTDIvol.  

 
 

RESULTS 
 

Six RT and CT scan centers in Tehran accepted the 
invitation to participate in this survey. The scanner 
details, including the maker, model, installation year, 
and number of detector rows were recorded in a list 
for each CT center. The number of rows in all           
scanners were 16 rows, except in one scanner, and 
the year of installation for three scanners was after 
2016.  

Scan parameters for breast cancer CT planning in 
each center are shown in table 2. As reported at all 
sites, the mean amount of current (mAs) varied            
significantly between the centers (p-value < 0.001); 

Figure 1. PMMA body 
phantom with 32 cm 

diameter. 
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however, the tube potential (Kv) remained the same 
with the exception of one. The minimum scan time 
was 9 seconds, and the maximum was 14 seconds, 
corresponding to the P center and the CMC center, 
respectively. The mean scan time for all scans               
performed in this study was 11.45 seconds. 

Scan length 
By comparing recorded data, the change in the 

scan length among the centers was observed. The 
minimum scan length was 28.87 centimeters (cm) 
corresponding to the CMC center and the maximum 
was 65.24 centimeters at SH7T center. The mean 
scan length in this study was 43.72 cm (table 2). 

 

phantom dosimetry 
Before collecting the patient's data, a phantom 

dosimetry examination was performed in centers. In 
each center, the phantom CTDIvol was calculated. 
There was no significant difference among the                
determined values (phantom CTDIvol) and the doses 
reported by the control console, and the mean                
percentage differences (for CTDIvol calculated from 
the phantom dosimetry examination and the CTDIvol 
displayed by the CT scan console) were in acceptable 
range; they were less than 20 percent (table 3). 

It is evident that, after calculating CTDIvol, we can 
obtain DLP and then estimate the effective dose (23). 
We obtained the effective dose using dosimetric          
parameters and NCICT software in each center       

separately. Table 4 shows the distribution of                  
dose–length product (DLP), CT dose index volume 
(CTDIvol), and effective dose (ED) for breast cancer CT 
planning, with 15 patients per center. It was found 
that the highest mean values of CTDIvol, DLP, and            
effective dose were respectively 8.15, 351.29 and 
7.75, which were related to center CMC.  

Based on the results of statistical tests, the mean 
of CTDIvol was significantly different (p < 0.0001) 
among selected hospitals. The same results were            
obtained for the mean of DLP and the mean of the 
effective dose (ED).  In all scanners, after finishing the 
scan, dose parameters are shown. For each center 
separately, CTDIvol and DLP were recorded from the 
scanner console for 15 patients. Then the mean of 
dose parameters was calculated for 90 patients and 
obtained data for CTDIvol and DLP were 218.18 mGy 
and 5.21 mGycm, respectively (table 5). DRLs were 
calculated based on the 75th percentile of dose            
indicators (DLP and CTDIvol). According to SPSS             
software, DLP and CTDIvol were calculated in the third 
quartile and found to be 296.99 and 6.64,                    
respectively. Table 5 show DRLs values in this survey 
and other studies.  

 

 

DISCUSSION 
 

Ionizing radiation as a linear no-threshold model 
can induce cancer, so for all imaging examinations 
that use ionizing radiation, this risk should be          
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Slice 
thickness

(mm) 

 Pitch 
factor 

Scan length 
(cm) 

scan 
time (s) 

mAs Kv  center 

  
5 

  
1.37 

48.87 
43.10 
28.87 

14 
13 
12 

120 
120 
120 

120     
120      
120 

max              
mean              
min 

CMC 

  
5 

  
1.2 

62.05 
41.90 
37.90 

11 
10 
9 

90 
90 
90 

110 
110     
110 

max              
mean             
min 

P 

  
3 

  
1.5 

58.56 
47.10 
32.33 

13.61 
11.72 
9/83 

111          
80          
46 

110 
110     
110 

max              
mean              
min 

SHT 

  
5 

  
2 

49.78 
41.25 
34.00 

14          
12          
10 

124      
92.13        

75 

110 
110     
110 

max              
mean              
min 

EH 

  
5 

  
1.43 

65.24 
49.02 
39.91 

11           
10           
9 

50        
50        
50 

110 
110     
110 

max              
mean             
min 

SH7T 

  
5 

  
1.35 

44.48 
39.98 
35.34 

14         
12         
10 

125          
98.8        
74 

110 
110     
110 

max              
mean 
min 

F 

Table 2. scan parameters for breast CT planning based on data 
from 15 patients in each center (CMC, P, SHT, EH, SH7T and F 

are abbreviations for centers in this study). 

Tube potential (kV). Tube current (mAs). Exposure time (scan time (s)). 
Pitch (-). 

F SH7T EH SHT P CMC center 
7% 1% 17% 4% 13% 4% Mean percentage difference 

Table 3. Mean percentage difference of phantom dosimetry 
and CT scanner in each center (CMC, P, SHT, EH, SH7T and F 

are abbreviations for centers in this study). 

Table 4. minimum and mean and maximum dose parameters 
(volume Computed Tomography Dose Index (CTDIvol) and 
Dose Length Product (DLP) and Effective Dose (ED)) in each 
center (CMC, P, SHT, EH, SH7T and F are abbreviations for 

centers in this study) 

 F SH7T  EH SHT  P  CMC 
Min/

mean/
max 

Dose 
parameter 

5.06 
6.97 
9.22 

4.20 
4.20 
4.20 

2.94 
4.00 
6.15 

3.31 
5.61 
7.63 

6.15        
6.15        
6.15 

8.15 
8.15 
8.15 

min 
mean 
max 

 CTDIvol  
)mGy( 

183.95 
279.56 
376.33 

167.60 
201.82 
219.60 

111 
170 
280 

154.31 
270.30 
440.29 

233.10 
257.67 
381.59 

316.77 
351.29 
398.31 

min 
mean 
max 

DLP
(mGy*cm) 

4.28 
6.38 
8.51 

3.87 
4.46 
4.89 

2.73 
3.71 
5.10 

3.37 
5.72 
8.94 

5.03 
5.71 
7.90 

6.91 
7.75 
8.43 

min 
mean 
max 

ED(mSv) 

CTDIvol (mGy) = CTDIw/Pitch; DLP(mGy*cm) = scan length/CTDIvol; 
ED(mSv) = K (organ conversion factor) * DLP 

Table 5. Measured values of CTDIvol , DLP, DRL (CTDIvol) and 
DRL (DLP). 

DRL 
(DLP) 

DRL 
(CTDIvol) 

DLP 
(mGy.cm) 

CTDIvol 
(mGy) 

studies 

296.29 6.64  218.18  5.21 The present study 
732  16  548.65  19.38  Connor et al. (5) 
 * *  355  9  Weber et al. (7) 

606.6  13.30  514.30  11.20  Zalokar et al. (6) 
390  10 283 7.50 Wood et al. (24) 
 *  * 287 7  Diklic et al. (25) 

 731 16 * * Božanić et al. (8) 
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reduced by optimizing protocols, and one of                      
the proposed methods of dose optimization is                     
determining the Dose Reference Level (DRL)(26). 

ICRP introduced the concept of DRL in 1996 (14) 
and after that, many countries and legal institutions 
introduced this parameter for all procedures               
performed by ionizing radiation like CTp. In patients 
with unilateral breast cancer, the DRL and                  
optimization must be determined because additional 
CT scans are often needed for planning and because 
the breast is more sensitive to radiation. Although the 
purposes of DRL descriptions are to create a               
threshold for identifying excessive doses, optimizing 
diagnostic methods, and consequently, reducing the 
dose, it should be noted that dose level determination 
alone cannot be sufficient to optimize the dose and 
cannot introduce as an absolute standard for                 
optimization because the CT scan tool is different in 
each center, as well as the medical dossier,                     
patient anatomy, post-processing effects, diagnostic              
information, and image quality must consider (27). 

As determined in the present study, the DRLs  
estimated using the third quartile of the DLP and 
CTDIvol parameters, which were 296.29 and 6.64,  
respectively.  The data obtained from this study were 
compared with other studies that were performed for 
breast CT planning (table 5). O’Connor et al., who 
proposed national DRLs (NDRL) for the breast CT 
planning in Ireland (5), Zalokar et al., who reported 
NDRLs in Slovenia (6), Bozanic et al., who obtained the 
third quartile of DLP and CTDIvol as NDRL in Croatia 
(8) and two other studies conducted for regional DRL 
(24,25). It was found that the results obtained in this 
study are lower than the aforementioned studies. 
Based on previous articles presented about breast CT 
planning, we analyzed the cases that can affect               
dosage values and increase or decrease the DRLs. 
Before the patient lies on the CT scan bed, the                 
majority parts of dose optimization are finished. 
Tube potential (measured in kilovolts), tube current 
(measured in milliamperes), pitch factor, scan time, 
automatic exposure control (AEC) and scan length 
have the greatest impact on the dose variation, which 
will affect DRL in the end.  

One of the methods to estimate the dose                 
difference in each center is to set up a phantom 
study. Since the values of kV and mAs were different 
in each center, so the results from the mean             
percentage differences were different. Although,               
table 3 showed that in all centers, the mean                  
percentage of differences was less than 20% (within 
the recommended range of the Atomic Energy        
Organization of Iran) but it verified the dose                   
variation among CT centers. Therefore; determining 
and defining DRL can help to optimization dose in 
centers. Afzalipour et al., reported this conclusion 
from the phantom study on CT dose optimization in 
2019 (28). 

Two factors that reduced the patient's dose were 

the appropriate determination of mAs and kV for  
every patient. A direct correlation exists between the 
tube current and the dose, which is why reducing it is 
the most effective way of limiting the dose absorbed 
by the organs. Many articles were published to prove 
this subject, such as Singh et al.'s study. They said 
when the tube current was reduced 15 to 50 mAs, 
despite the dose reduction, they were still able to 
detect lung and mediastinal abnormalities (29). In  
addition to tube current, the tube potential 
(measured in kilovolts) is one of the main scanning 
parameters that affect the organs dose delivered. 
Based on a study by Rao et al., reducing the tube             
potential from 140 to 120 kV, results in a 35%                
reduction in dose (30). The automatic exposure control 
(AEC) option was another reason for reducing the 
dose in this review. When AEC is used in CT scan 
methods, it can reduce the value of CTDIvol, DLP, and 
ED. Based on Moon et al.'s study, when they used the 
AEC mode for chest exams the values of CTDIvol, DLP 
parameter and effective dose were reduced by 25%, 
compared to the mode when the exposure conditions 
were selected manually (31). 

The position of the patient's arm can be effective 
in increasing the dosage. During the data collection, 
we noticed that only in the SHT center, for CT                 
planning, the arm on the side affected is placed in the 
upper position by radiotherapy technician. Bayer et 
al. (32) stated that the ED difference between arm-up 
and arm-down was approximately 28%. To prove 
this, the ED of the SHT center was compared with the 
ED of the F center, which had almost similar DLP  
values. Although the slices thickness in the SHT         
center was thinner than that in the F center, the ED 
value decreased from 6.38 to 5.72. 

In a comparison of chest CT planning images and 
diagnostic chest CT scans, Sandrod et al. found the 
noise index was lower in CT planning images. They 
stated that this difference was in terms of the image 
quality requirements in CT planning, therefore,              
higher mAs should be applied. The received dose for 
patients requiring CT planning was reported to be 
approximately four times higher than for diagnostic 
chest CT scan (33). But, if the technician changes the 
radiation conditions based on the size of the patient, 
the received dose and the effective dose will           
decrease. On the other hand, in chest CT scan with 
unnecessary reduction in tube current, the image 
noise will increase (29); so, more attention should be 
paid to mAs reduction. Additionally, previous               
research comparing diagnostic chest CT scans to 
breast cancer CT planning has revealed that the lungs 
exhibit greater intrinsic image contrast than the 
breasts, so it is necessary to administer higher doses 
to the breast tissues in order to achieve the desired 
image contrast (5). Therefore, according to these           
reasons, it is necessary to be careful about the             
effective factors that reduce the dose because, it is a 
fact that to achieve optimum results, a balance must 
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be struck between a patient's absorbed dose and the 
image quality. The evaluation of image quality was 
not within the scope of this survey, and the images 
were approved by the opinion of oncologists, and 
they did not state the requirement to increase the 
dose parameters. 

The advancements in CT technologies, such as 
using high-efficiency detectors and innovative                
reconstruction algorithms, are mostly to blame for 
the measured DRLs falling below the other studies. 
About scanners technology in this study, except for 
one center, all scanners were multi-slice computed 
tomography (MSCT) (16 rows) and the installation 
year of three scanners was after 2016 (table 1). 
There are several advantages to multi-slice CT              
scanners, including high speed and spatial resolution, 
the ability to produce isotropic voxels, and the ability 
to analyze the details of normal and abnormal body 
anatomy as well as a number of pathologies. These 
features result in providing high quality images in a 
short scan time. The short scan time can be the               
reason for the low absorbed dose in patients. When 
the absorbed dose decreases, the amount of DRL will 
decrease. Tahmasebzadeh et al., stated that by           
reducing the amount of several scan parameters, 
such as CTDIvol, tube current, automatic exposure 
control (AEC), kVp, mAs, scan length, and proper  
position; the absorbed organ dose can be reduced (34). 
Furthermore, they expressed that dose reduction 
depends on the skill and knowledge of the radiology 
technician and the scanner model. Moreover, the CT 
scan technician should be careful in using the pitch 
factor in single-slice or multi-slice scanners, because 
in a study by Mahesh et al., in multi-slice scanners, 
for pitch factors 2, 4 and 8, the dose rates were 9.92, 
9.94 and 10.12 mGy, while, in single-slice scanner for 
pitch factors of 0.5, 1 and 2, the dose rates were 
12.72, 6.68 and 3.62 mGy, respectively, respectively 
(35). Single slice scanners have a higher pitch factor, 
which reduces dose, but multi-slice scanners have 
increased noise, so if you increase the pitch factor, 
the scanner automatically increases mAs to improve 
image quality and if constant mAs were applied, the 
dose can be decreased by increasing the pitch (36). 
Compared to the study of Mahesh et al. (35), it seems 
that the pitch factors in this study were well chosen 
for MDCTs (the mean was 1.37), so the dosage was 
low. Pitch factor in the EH hospital with single-slice 
scanner was higher than other centers, so the values 
of dose parameters were low. (table 2) It should be 
noted that although the CT scanner was installed in 
this center in 2005, the tube was recently replaced. 

In a common CT scan the scan length should              
extend at least 5 cm above and below the target area, 
based on American Association of Physicists in          
Medicine (AAPM) (37), so the length of the scan for 
chest examination is considered approximately from 
the top of lung to the upper border of the liver. Since 
CT planning includes the possibility of metastases, 

the scan length is longer than diagnostic chest CT 
scans, thus increasing the CTDIvol and DLP values, 
which ultimately affect the level of dose reference. 
Alleviating the scan length as much as possible can 
optimize the dose and reduce the absorbed dose.         
Botwe et al. stated that the scan length without extra 
coverage can decrease DLP value without degrading 
the CT image quality while ensuring a 0.8%–79.1% 
reduction in the absorbed organ dose (38). Thus, Tack 
et al. reported that reducing the Z-axis coverage can 
be a secondary goal for optimization (39). For some 
patients, it is impossible to reduce the scan length, but 
the output parameters of CT scanners can be changed 
to lower the dose, although the quality of the images 
may decrease. To improve the reduced quality of             
images, it can be compensated by reconstruction to 
optimize the desired protocol. In the selected centers, 
all images of cancer patients were reconstructed. 

Slice thickness is another case that can increase 
the dose value. CT planning uses slice thickness based 
on dose and image quality to ensure accurate                
visualization of the structure during contouring and 
image matching. Using the large section thickness 
may be a factor in dose optimization, but it hurts             
spatial resolution (5). We observed that with thin slice 
thickness, the mean DLP values can increase. This 
procedure supports the idea that there is an inverse 
relationship between the thickness of the slices, and 
the dose given to the patient. The slice thickness in 
this study was thinner than the study by Connor et al., 
so the DLP value was lower (tables 2 and 5). 

The total radiation dose in a CT scan is calculated 
by multiplying the CTDIvol by the scan length and is 
represented as DLP. Consequently, by performing a 
scan in the defined area, it directly reduces the               
patient dose following a linear relationship (between 
scan time and DLP) (40). Tables 2 and 4 show this             
relationship. The highest amounts of scan time and 
DLP were in the CMC center. The previously            
published data on the dose parameters of breast CT 
planning were provided by Connor in Ireland (5),               
Weber (7), Zalokar in Slovenia (6), Wood (24) and Diklic 
et al. (25). They have presented CTDIvol 19.38, 9, 11.2, 
10 and 7 mGy, respectively. Table 5, showed that the 
amount of CTDIvol obtained in this study (5.21 mGy) 
was lower than the amount of previous studies. 

By comparing the DLP of previous researches, it 
was found that the DLP in this study (218.18 
mGy·cm) was lower than other studies that reported 
in this field (table 5). Some studies provided                    
comments on the obtained DLP, such as Weber et al. 
(7). They estimated the CTDIvol and DLP parameters as 
9 ± 2mGy and 355 ± 61 mGy.cm, respectively.               
According to them, the CTDIvol was almost in line with 
international values, but DLP was higher than                 
international values due to the need for a longer CT 
scan (7). However, Diklic et al. had another suggestion; 
they reported DLP and scan length for breast CT  
planning as 287mGy.cm and 40.9 cm, respectively, 
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and stated that the dose parameters were similar to 
the other published values, but the scan length was 
more prolonged. They suggested that the output of 
the scanner could be slightly increased to improve 
the quality of the images (25). In this study, the DLP 
value was lower than the data of previous studies, 
but the scan length (43.72 cm) was longer. 

It is expected that the effective dose (ED) will  
improve by increasing DLP and CTDIvol values. Based 
on table 4, since the highest DLP and CTDIvol were 
related to CMC and F hospitals, the highest effective 
doses were recorded for them. This relationship was 
reported by Laham et al. as well in 2018 (41). Using 
ED, dose of diagnostic CT can be compared with other 
imaging modalities (42). The mean of ED was 5.62 mSv 
(table 4); while this achievement in Tahmasebzadeh 
(34), Connor (5) and Harison et al. studies (43), were  
reported as 2.56, 7.7 and 7.2 mSv, respectively. Based 
on a CT simulation of the thorax, Sanklaa et al.               
calculated ED to be 5.01 mSv; they stated that,              
although the values of ED varied among centers, they 
were still less than recommended (44). The received 
thyroid dose (mean = 11.69 mGy), is high and              
comparable with received dose in diagnostic head or 
chest CT scan for this organ (44), because in a study 
that conducted by Tahmasebzadeh et al. the received 
thyroid dose was 4.75 mGy (34) in a study by 
Khorramian et al. the received dose was 2.66 mGy for 
females in head CT scan (45). This conclusion showed 
that thyroid was utterly exposed by direct radiation 
and the mean of the breast dose in this study was 
8.66mGy, which reported as 15mGy in a study by 
Laham et al. (41). For two organs that we investigated, 
the received dose was significantly different among 
CT centers (p-value < 0.001). In the article published 
by Angel et al., the received breast dose reported 
with an average of 19mGy (range of the received 
dose for breast tissue was 14-29mGy) (46) and in a 
survey by Tahmasebzadeh et al. the breast dose was 
3.97 mGy in lung CT scan (34). Based on the                     
comparison of dosimetry results, we found that this 
study's results were higher than chest CT scan values 
but lower than other CT planning studies.  

In a survey by Connor et al.(5), the dose                
parameters (CTDIvol and DLP) were approximately 
2.5 times greater than our parameter values. One of 
the main differences between two studies was the 
slice thickness, which Irish CT centers choose to be 
2.5 mm, but in this study except for one CT center, 
thicknesses were 5 mm (table 2). Therefore; if the 
slice thickness was chosen to be thinner in this             
survey, the calculated values of dose indicators and 
DRLs would definitely increase. Despite the long scan 
length (average scan length of 437 mm), our              
calculated dose indicators were lower than the                
results presented by Wood et al. (332 mm) (24) and 
Diklic et al. (409 mm) (25). For example, Wood et al. 
stated that in most scans the selected slice thickness 
was 3 mm (1.25-5 mm) (24), while in this study, it was 

5 mm in most scans. It can be concluded that in terms 
of the thicker slice thickness, dose values were              
reduced. The most important factors that caused 
dose reduction were related to dose indicators (DLP 
and CTDIvol) and slice thickness. The low values of 
dose indicators, and thicker slice thickness were               
reasons for reduction of the DRL. Finally, our DRLs 
were well below the values proposed by other              
researchers in this field, based on comparisons with 
international studies. This study was an excellent 
opportunity to collect information about DRLs in CT 
planning for breast cancer patients, especially in Iran 
and may be interesting for researchers and local           
regulatory bodies to pay more attention to this issue 
(table 5) 

Despite the fact that DRLs are a reasonable               
criterion for radiation dose optimization, but the 
American Association of Physicists in Medicine 
(AAPM) has recently proposed a "size- specific dose 
estimate" (SSDE), which considers patient size, to 
optimize CTDIvol based on the physical dimensions of 
patients (47). It is therefore recommended that future 
studies take SSDE into account and compare the             
results with the findings of this study. Future surveys 
should consider capturing the patient's dimensions in 
the imaged region, body mass index and position  
during the CT scan (e.g., with one arm or both arms 
up). These factors were not included in the current 
survey. There are other methods to optimize the 
breast CT planning protocol and improve the quality 
of the images; that do not affect the scanner dose, 
such as the ambient light in the contouring rooms, 
image quality in PACS system reconstruction,             
Adaptive Statistical Iterative Reconstruction (ASIR) 
(48), the performance of the monitors and their image 
quality, photon-counting detectors (49) and using              
artificial intelligence (AI) (50), to estimate the DRL, 
which have brought about many changes in medical 
imaging. Finally; with improved image quality, the 
amount of applied parameters for imaging will            
decrease. 

 
 

CONCLUSION  
 

We discovered that some centers had significantly 
different dose parameters for breast CTp. The results 
of this study are proposed as the first dose               
parameters, and regional DRLs for breast CTp in Iran. 
We expect that studies are conducted in other CT 
centers can optimize the dose by checking the              
scanning parameters of our study. Paying attention to 
optimization in the CTp field can lead to the                  
protection of radiation-sensitive organs like healthy 
breast. 

 

ACKMOWLEDGMENT 
The authors would like to thank CT scan and                
radiation therapy centers that participated in the dose 
audit review and assisted in data collection. Also; we 

Hasanpour et al. / Diagnostic reference level in CT planning  1005 

 [
 D

O
I:

 1
0.

61
18

6/
ijr

r.
22

.4
.9

99
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
ai

l.i
jr

r.
co

m
 o

n 
20

25
-1

0-
16

 ]
 

                             7 / 10

http://dx.doi.org/10.61186/ijrr.22.4.999
https://mail.ijrr.com/article-1-5787-en.html


thank the RTI Group for their help in providing the 
Ocean 2014 professional software and the National 
Cancer Institute for providing the NCICT software.  
Financial support: This survey was financially              
supported by the Iran University of Medical Sciences. 
Conflicts of interest: There are no conflicts of                
interest.  
Author contributions statements: A.M.., devised the 
project, the main conceptual ideas and proof outline; 
E.H., collected data and performed the                             
measurements; R.P, were directed the project and 
involved in planning; A.N., drafted the manuscript, 
and prepared the tables. All authors discussed the 
results and contributed to the final version of the 
manuscript. 

  
 

REFERENCES 
 
1. Shao YH, Tsai K, Kim S, Wu YJ and Demissie K (2020) Exposure to 

tomographic scans and cancer risks. JNCI Cancer Spectrum, 4(1): 
pkz072 

2. Dougeni E, Faulkner K and Panayiotakis G (2012) A review of pa-
tient dose and optimisation methods in adult and paediatric CT 
scanning. European Journal of Radiology, 81(4): e665-e683.  

3. Vañó E, Miller DL, Martin CJ, Rehani MM, Kang K, Rosenstein M and 
Rogers A (2017) ICRP publication 135: Diagnostic reference levels 
in medical imaging. Annals of the ICRP, 46(1): 1-144. 

4. Aberle C, Ryckx N, Treier R and Schindera S (2020) Update of na-
tional diagnostic reference levels for adult CT in Switzerland and 
assessment of radiation dose reduction since 2010. European 
Radiology, 30: 1690-1700. 

5. Connor SO, Mc Ardle O and Mullaney L (2016) Establishment of 
national diagnostic reference levels for breast cancer CT protocols 
in radiation therapy. The British Journal of Radiology, 89(1066): 
20160428. 

6. Zalokar N, Marciuš VŽ and Mekiš N (2020) Establishment of national 
diagnostic reference levels for radiotherapy computed tomogra-
phy simulation procedures in Slovenia. European Journal of Radiol-
ogy, 127: 108979. 

7. Weber L and Wieslander E (2018) [P155] Exposure levels from CT 
scanning for treatment planning in radiotherapy. Physica Medica: 
European Journal of Medical Physics, 52: 143-144. 

8. Božanić A, Šegota D, Debeljuh DD, Kolacio MŠ, Radojčić ĐS, Ružić K 
and Jurković S (2022) National reference levels of CT procedures 
dedicated for treatment planning in radiation oncology. Physica 
Medica, 96: 123-129. 

9. Mehrotra R and Yadav K (2022) Breast cancer in India: Present 
scenario and the challenges ahead. World Journal of Clinical Oncol-
ogy, 13(3): 209. 

10. Łukasiewicz S, Czeczelewski M, Forma A, Baj J, Sitarz R and 
Stanisławek A (2021) Breast cancer—epidemiology, risk factors, 
classification, prognostic markers and current treatment strate-
gies—an updated review. Cancers, 13(17): 4287. 

11. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal 
A and Bray F (2021) Global cancer statistics 2020: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 cancers in 
185 countries. CA: A Cancer Journal for Clinicians, 71(3): 209-
24912. 

12. Saedi S, Saedi A, Ghaemi MM and Milani FM (2022) Epidemiologi-
cal study of breast cancer in Iran: A micro review study. Eurasian 
Journal of Science and Technology, 2(3): 227-235. 

13. Shamshirian A, Heydari K, Shams Z, Aref AR, Shamshirian D, Tam-
taji OR and Alizadeh-Navaei R (2020) Breast cancer risk factors in 
Iran: A systematic review and meta-analysis. Hormone Molecular 
Biology and Clinical Investigation, 41(4): 20200021. 

14. Albahiti SK, Barnawi RA, Alsafi K, Khafaji M, Aljondi R, Alghamdi SS 
and Bradley D (2022) Establishment of institutional diagnostic 
reference levels for 6 adult computed tomography examinations: 
Results from preliminary data collection. Radiation Physics and 
Chemistry, 201: 110477. 

15. Foley SJ, McEntee MF and Rainford LA (2012) Establishment of CT 
diagnostic reference levels in Ireland. The British Journal of Radiol-

ogy, 85(1018): 1390-1397. 
16. Lee C, Kim KP, Bolch WE, Moroz BE and Folio L (2015) NCICT: A 

computational solution to estimate organ doses for pediatric and 
adult patients undergoing CT scans. Journal of Radiological Protec-
tion, 35(4): 891. 

17. Rawashdeh M, Saade C, Zaitoun M, Abdelrahman M, Brennan P, 
Alewaidat H and McEntee MF (2019) Establishment of diagnostic 
reference levels in cardiac computed tomography. Journal of Ap-
plied Clinical Medical Physics, 20(10): 181-186. 

18. Toori AJ, Shabestani-Monfared A, Deevband MR, Abdi R and Naba-
hati M (2015) Dose assessment in computed tomography examina-
tion and establishment of local diagnostic reference levels in Ma-
zandaran, Iran. Journal of Biomedical Physics and Engineering, 5(4): 
177. 

19. Mkimel M, El Baydaoui R, Mesradi M, Tahiri Z, Saad S and Hilali A 
(2019) Assessment of the radiation dose during 16 slices CT exami-
nations. Int J Recent Technol Eng, 8: 4652-7. 

20. Kharita MH, Al-Naemi H, Arru C, Omar AJ, Aly A, Tsalafoutas I and 
Kalra MK (2020) Relation between age and CT radiation doses: 
Dose trends in 705 pediatric head CT. European Journal of Radiolo-
gy, 130: 109138. 

21. Aboul Hamad MS, Attalla EM, Amer HH and Fathy MM (2023) 
Assessment of diagnostic reference levels for paediatric cardiac 
computed tomography in accordance with European guide-
lines. Radiation and Environmental Biophysics, 62(3): 331-338. 

22. Oyedokun OS, Arogunjo AM, Fatukasi JI and Egberongbe AA (2020) 
Diagnostic reference level of computed tomography examinations 
and need for dose optimization in Ondo State, Nigeria. Iranian 
Journal of Medical Physics/Majallah-I Fīzīk-I Pizishkī-i Īrān, 17(4). 

23. Deevband M, Ghorbani M, Eshraghi A, Salimi Y, Saeedzadeh E, 
Kardan M, et al. (2021) Patient effective dose estimation for rou-
tine computed tomography examinations in Iran. International 
Journal of Radiation Research, 19(1): 63-73. 

24. Wood TJ, Davis AT, Earley J, Edyvean S, Findlay U, Lindsay R and 
Williams M (2018) IPEM topical report: The first UK survey of dose 
indices from radiotherapy treatment planning computed tomogra-
phy scans for adult patients. Physics in Medicine and Biology, 63
(18): 185008. 

25. Diklić A, Šegota D, Belac-Lovasić I and Jurković S (2018) Assessment 
of dose indicators for ct localization procedures in radiation thera-
py at university hospital RIJEKA. Nuclear Ttechnology and Radiation 
Protection, 33(3): 301-306. 

26. Kamdem EF, Samba ON, Manemo CT, Kouam BBF, Abog, S, Tambe 
J and Fotue AJ (2022) Establishment of local diagnostic reference 
level for routine paediatric computed tomography examinations in 
Bafoussam West Cameroon. Radiation Protection Dosimetry, 198
(12): 815-820. 

27. Vassileva J and Rehani M (2015) Diagnostic reference lev-
els. American Journal of Roentgenology, 204(1): W1-W3. 

28. Afzalipour R, Abdollahi H, Hajializadeh MS, Jafari S and Mahdavi SR 
(2019) Estimation of diagnostic reference levels for children com-
puted tomography: A study in Tehran, Iran. International Journal of 
Radiation Research, 17(3): 407-413. 

29. Singh S, Kalra MK, Khawaja RDA, Padole A, Pourjabbar S, Lira D and 
Digumarthy SR (2014) Radiation dose optimization and thoracic 
computed tomography. Radiologic Clinics, 52(1): 1-15. 

30. Rao MS, Kadavigere DR, Sharan DK, Sukumar DS, GC MS and Dsou-
za MRN (2022) Establishment of diagnostic reference level and 
radiation dose variation in head and neck and pelvis treatment 
planning in radiation therapy computed tomogra-
phy. F1000Research, 11: 489. 

31. Moon IB, Dong KR and Kim KC (2016) The impact of the AEC mode 
of tube current on the dose at CT scans. Journal of Radiation Indus-
try, 10(2): 49-54. 

32. Kito S, Suda Y, Tanabe S, Takizawa T, Nagahata T, Tohyama N and 
Sakamoto M (2024) Radiological imaging protection: A study on 
imaging dose used while planning computed tomography for exter-
nal radiotherapy in Japan. Journal of Radiation Research, 65(2): 159
-167. 

33. Sanderud A, England A, Hogg P, Fosså K, Svensson SF and Johansen 
S (2016) Radiation dose differences between thoracic radiotherapy 
planning CT and thoracic diagnostic CT scans. Radiography, 22(2): 
107-111. 

34. Tahmasebzadeh A, Paydar R and Kaeidi H (2023) Lifetime attributa-
ble breast cancer risk related to lung CT scan in women with 
Covid19. Frontiers in Biomedical Technologies. 

35. Mahesh M, Scatarige JC, Cooper J and Fishman EK (2001) Dose and 
pitch relationship for a particular multislice CT scanner. American 
Journal of Roentgenology, 177(6): 1273-1275. 

1006 Int. J. Radiat. Res., Vol. 22 No. 4, October 2024 

 [
 D

O
I:

 1
0.

61
18

6/
ijr

r.
22

.4
.9

99
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
ai

l.i
jr

r.
co

m
 o

n 
20

25
-1

0-
16

 ]
 

                             8 / 10

http://dx.doi.org/10.61186/ijrr.22.4.999
https://mail.ijrr.com/article-1-5787-en.html


36. Azadbakht J, Khoramian D, Lajevardi ZS, Elikaii F, Aflatoonian AH, 
Farhood B and Bagheri H (2021) A review on chest CT scanning 
parameters implemented in COVID-19 patients: Bringing low-dose 
CT protocols into play. Egyptian Journal of Radiology and Nuclear 
Medicine, 52: 1-10. 

37. Benedict SH, Yenice KM, Followill D, Galvin JM, Hinson W, Ka-
vanagh B and Yin FF (2010) Stereotactic body radiation therapy: 
The report of AAPM Task Group 101. Medical Physics, 37(8): 4078-
4101. 

38. Botwe BO, Schandorf C, Inkoom S and Faanu A (2022) Variability 
of redundant scan coverages along the Z-axis and dose implica-
tions for common computed tomography examinations. Journal of 
Medical Imaging and Radiation Sciences, 53(1): 113-122. 

39. Tack D, Jahnen A, Kohler S, Harpes N, De Maertelaer V, Back C and 
Gevenois PA (2014) Multidetector CT radiation dose optimisation 
in adults: Short-and long-term effects of a clinical audit. European 
Radiology, 24: 169-175 

40. Yel I, Booz C, Albrecht MH, Gruber-Rouh T, Polkowski C, Jacobi M 
and Kaltenbach B (2019) Optimization of image quality and radia-
tion dose using different cone-beam CT exposure parame-
ters. European Journal of Radiology, 116: 68-75. 

41. Lahham A, AL Masri H and Kameel S (2018) Estimation of female 
radiation doses and breast cancer risk from chest CT examina-
tions. Radiation Protection Dosimetry, 179(4): 303-309. 

42. Bagherzadeh S, MirDerikvand A and MohammadSharifi A (2024) 
Evaluation of radiation dose and radiation-induced cancer risk 
associated with routine CT scan examinations. Radiation Physics 
and Chemistry, 217: 111521. 

43. Harrison RM, Wilkinson M, Rawlings DJ and Moore M (2007) Dos-
es to critical organs following radiotherapy and concomitant imag-

ing of the larynx and breast. The British Journal of Radiology, 80
(960): 989-995. 

44. Sanklaa K, Sanghangthum T and Chongsan T (2017) Evaluation of 
effective doses in CT simulation using CTDIw calculation. Journal of 
Associated Medical Sciences, 50(3): 417-423. 

45. Khoramian D, Haghparast M, Honardari A, Nouri E, Ranjbar E, 
Abedi-Friouzjah R and Afkhami-Ardakni M (2024) Estimation and 
comparison of the effective dose and lifetime attributable risk of 
thyroid cancer between males and females in routine head com-
puted tomography scans: A multicentre study. Journal of Medical 
Radiation Sciences. 

46. Angel E, Yaghmai N, Jude CM, DeMarco JJ, Cagnon CH, Goldin JG 
and McNitt-Gray MF (2009) Dose to radiosensitive organs during 
routine chest CT: Effects of tube current modulation. American 
Journal of Roentgenology, 193(5): 1340-1345. 

47. Boone JM (2012) Reply to “Comment on the ‘Report of AAPM TG 
204: Size-specific dose estimates (SSDE) in pediatric and adult 
body CT examinations’” [AAPM Report 204, 2011]. Medical Phys-
ics, 39(7): 4615. 

48. Prakash P, Kalra MK, Ackman JB, Digumarthy SR, Hsieh J, Do S and 
Gilman MD (2010) Diffuse lung disease: CT of the chest with adap-
tive statistical iterative reconstruction technique. Radiology, 256
(1): 261-269. 

49. Rajendran K, Petersilka M, Henning A, Shanblatt ER, Schmidt B, 
Flohr TG and McCollough CH (2022) First clinical photon-counting 
detector CT system: Technical evaluation. Radiology, 303(1): 130-
138. 

50. Grenier PA, Brun AL and Mellot F (2022) The potential role of 
artificial intelligence in lung cancer screening using low-dose com-
puted tomography. Diagnostics, 12(10): 2435. 

Hasanpour et al. / Diagnostic reference level in CT planning  1007 

 [
 D

O
I:

 1
0.

61
18

6/
ijr

r.
22

.4
.9

99
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
ai

l.i
jr

r.
co

m
 o

n 
20

25
-1

0-
16

 ]
 

                             9 / 10

http://dx.doi.org/10.61186/ijrr.22.4.999
https://mail.ijrr.com/article-1-5787-en.html


 [
 D

O
I:

 1
0.

61
18

6/
ijr

r.
22

.4
.9

99
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
ai

l.i
jr

r.
co

m
 o

n 
20

25
-1

0-
16

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

http://dx.doi.org/10.61186/ijrr.22.4.999
https://mail.ijrr.com/article-1-5787-en.html
http://www.tcpdf.org

