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Abstract 

Computed tomography (CT) dose reporting software facilitates the estimation of doses to 

patients undergoing CT examinations.  In this study, comparison of three software packages 

i.e. CT-Expo (version 1.5, Medizinische Hochschule, Hannover, Germany), ImPACT CT 

Patients Dosimetry Calculator (version 0.99x, Imaging Performance Assessment on 

Computed Tomography, www.impactscan.org) and WinDose (version 2.1a, Wellhofer 

Dosimetry, Schwarzenbruck, Germany) has been made in terms of their calculation algorithm 

and results of calculated doses. Estimations were performed for head, chest, abdominal and 

pelvic examinations based on the protocols recommended by the European guidelines using 

single-slice CT (SSCT) (Siemens Somatom Plus 4, Erlangen, Germany) and multi-slice CT 

(MSCT) (Siemens Sensation 16, Erlangen, Germany) for software-based female and male 

phantoms.  The results showed that there are some differences in final dose reporting 

provided by these software packages. There are deviations of effective doses produced by 

these software packages.  Percentages of coefficient of variance range from 3.3% to 23.4% in 

SSCT and 10.6% to 43.8% in MSCT.  It is important that researchers state the name of the 

software that is used to estimate the various CT dose quantities.  Users must also understand 

the equivalent terminologies between the information obtained from the CT console and the 

software packages in order to use the software correctly. 
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Introduction 

While the benefits of CT in medicine are well known, increasing concerns about the radiation 

dose associated with CT have captured the attention of imaging professionals, referring 

practitioners, general public and the news media. (1-3)  In June 2009, The American College of 

Radiology (ACR) and the Radiological Society of North America (RSNA) established the 

Joint Task Force on Adult Radiation Protection to address how dose optimisation could be 

incorporated into all imaging practices and the concept of radiation dose disseminated to the 

healthcare professionals.  Efforts have taken place in recent years to increase awareness about 

adult and paediatric radiation protection. (4-6)  The medical imaging community must ensure 

that the benefits of a CT examination in any given patient outweighs the corresponding risks. 

(7) 

Currently, it is a requirement that CT scanners display protocol information and selected 

dosimetry metrics such as volume CT dose index (CTDIvol) and dose-length product (DLP). (8, 

9)  This allows radiologists and medical imaging technologists to access valuable information 

about scanner performance and patient dose.  Dose distribution in CT is different compared to 

projection radiography.  Therefore, estimation of organ doses and effective dose in CT is 

more complicated than with projection radiography.  A few studies have been done to 

simplify the estimation of effective dose from DLP. (10, 11)  On the other hand, dose reporting 

software packages have been developed to facilitate the estimation of effective doses. (12-14)  

These software packages have become very popular in recent times, because they are easy to 

use and give quick results.  Users are required to select or insert appropriate CT parameters 

into the software in order to obtain comprehensive values of CT dose descriptors i.e. organ 

doses and effective dose for patients undergoing CT examinations.  This is useful for 

optimisation of techniques. 
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However, different institutions or clinical centres may use different software packages.  There 

are differences among the software packages due to different methods and algorithms adopted 

by these software developers.  As a result, dose values reported may differ depending on the 

software used.  The purpose of this study is to compare three commonly used software 

packages.  The comparison includes the software calculation methods and algorithms, and the 

values of estimated effective doses for some common CT examinations. 

Materials and Methods 

This study compares three common software packages i.e. CT-Expo (version 1.5, 

Medizinische Hochschule, Hannover, Germany), ImPACT CT Patients Dosimetry Calculator 

(version 0.99x, Imaging Performance Assessment on Computed Tomography, 

www.impactscan.org) and WinDose (version 2.1a, Wellhofer Dosimetry, Schwarzenbruck, 

Germany).  Estimation of dose descriptors on the software packages i.e. weighted CTDI 

(CTDIw), volume CTDI (CTDIvol), organ doses and effective dose, were made for single-slice 

CT (SSCT) (Siemens Somatom Plus 4, Erlangen, Germany) and multi-slice CT (MSCT) 

(Siemens Sensation 16, Erlangen, Germany). 

CT-Expo and ImPACT Calculator cover most models of CT scanners available today but the 

WinDose provides a few selected dedicated models and other models are based on GSF 

report. (15)  CT Expo and WinDose use Monte Carlo (MC) data sets from GSF report (12, 14) 

while ImPACT Calculator uses the NRPB MC data set (16) but there is good agreement 

between these MC data sets. (12)  All software packages provide effective dose and DLP as 

final dose reporting.  However, CT-Expo and ImPACT calculator provide CTDIw but 

WinDose provides CTDIair (also called “air kerma”).  A detailed comparison of these three 

software packages, i.e. CT-Expo 1.5, ImPACT CT patient dosimetry calculator 0.99x and 

WinDose 2.1a is given in Table 1. (17-19) 
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Dose estimations were done for head, chest, abdominal and pelvic examinations based on the 

parameters recommended by the European guidelines. (15) Estimations were also done 

separately for software-based adult (170-cm height and 70 kg weight) male and adult female 

(160-cm height and 60 kg weight) phantoms.  Tube voltage and pitch for all examinations was 

set to 120 kVp and 1.0, respectively.  Scan lengths and tube current-time products (mAs) were 

adjusted to the closest values of CTDIw and DLP recommended by the European guidelines.  

These adjustments were done in order to normalise scanning parameters independent to 

differences in values of CTDIw and DLP between those software packages.  For CT-Expo and 

ImPACT Calculator software, CTDIw and DLP are referred to values displayed on 

"calculation page" while for WinDose software, CTDIw were obtained by dividing DLP with 

scan length showed on "result page".  All values of effective doses from WinDose software 

were referred to the values estimated using organ-weighting factors of ICRP Report 60. (20) 

Results 

Details of scan parameters, as well as displayed CTDI and DLP that were used and entered 

into the software packages to estimate the effective doses for both SSCT and MSCT scanners 

are listed in Appendix A.  Those differences will give approximately the same CTDIw (less 

than 1.8% deviation) and DLP (less than 4.1% deviation) values for each examination (see 

Appendix A). 

Table 2 shows the comparison of effective doses in SSCT calculated using these three 

software packages.  For the female phantom, the ImPACT calculator consistently shows the 

lowest effective doses in all examinations while WinDose gives the highest doses in all 

examinations except for the chest examination.  In the male phantom, there is no consistent 

trend for the lowest and the highest dose.  The head examination in the female phantom shows 

the highest percentage of coefficient of variance (CV) (23.4%) while the abdominal 
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examination in the male phantom shows the highest percentage of CV (12.5%).  Other 

examinations for both female and male phantoms show less than 10% of CV. 

Table 3 shows the comparison of effective doses in MSCT calculated using these three 

software packages.  CT Expo consistently shows the highest doses from all examinations for 

both female and male except for the pelvic examination in male.  On the other hand, WinDose 

shows the lowest doses from all examinations for both female and male except for the pelvic 

examination in male.  The highest percentage of CV is shown in the pelvic general 

examination (22.2%) for female phantom and in the head examination (43.8%) for male 

phantom.  The lowest percentage of CV is shown in the abdominal examination (16.4%) for 

female phantom and the pelvic examination (10.6%) for male phantom.  All examinations 

show more than 10% of CV.  On average, results for MSCT examination have higher CV than 

that for SSCT. 

Discussion 

CT dose reporting software packages are used for the convenience of CT users to obtain CT 

dose descriptors for monitoring the scanning performance and patient dose.  Software 

packages are continuously developed and upgraded to give better dose results in terms of 

accuracy and user-friendliness.  However, this study shows that different software packages 

output slightly different dose values in the report and the results of calculations are not the 

same especially for MSCT. Therefore, it is advisable that the researchers must always state 

the name of the dose reporting software package used and the ICRP report number to estimate 

effective doses from CT examinations.  This is to identify the source of dose estimations so 

that the results can be used for inter-comparison. 

Most current effective dose conversion factors in CT use organ tissue-weightings factors that 

are derived from the ICRP 60. (20)  In 2007, ICRP released the 103rd publication updating the 

16-year old ICRP 60 dataset, following the latest available scientific information about the 
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biology and physics of radiation exposure. (21)  The effective dose in the head and chest CT 

scans was increased by up to 11% and 20%, respectively, and decreased by up to 25% for 

pelvic scans with use of ICRP 103 weighting factors. (22)  Thus, appropriate conversion factors 

are needed to accurately estimate effective dose.   

Both CTDIvol and DLP data are available on the picture archiving and communications system 

as CT scans are being interpreted, thus, it is very convenient for the radiologist or medical 

imaging technologist to review these data.  This allows identification of any unexpected 

deviation from protocol or technique, equipment malfunction, and unexpectedly high patient 

doses associated with CT scans.  Radiologists can use DLP data from CT scans to estimate 

patient effective dose, as effective dose puts CT doses into a useful perspective and allows 

direct comparisons of CT doses with other types of radiological examinations, natural 

background exposures, and regulatory dose limits. (23) 

In conclusion, using CT dose reporting packages is an advantage because they are easy to use 

and produce quick results.  However, it must be recognised that there are deviations between 

the different software packages, and users should understand this and be familiar with 

different terminologies used in order to provide accurate dose reporting for a consistent 

comparison.  
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Appendix A. Comparison of parameters used in the software packages and the values of CTDI and DLP calculated automatically by the software 

Scanner Examination Software package kVp 

Slice thickness / 
pitch / scan 

mode / beam 
collimation 

mAs 
Scan 

length in 
cm 

CTDIair in 
mGy/100mAs 

CTDIw in 
mGy/100mAs 
(%deviation)a 

DLP in 
mGy.cm 

(%deviation)a 

SSCT 

Head 
CT Expo 

120 

5mm / 1.0 / 
contiguous / 

5mm 

410 17 - 59.9 (0.2) 1048 (0.2) 
ImPACT calculator 410 17.5 - 59.7 (0.5) 1045 (0.5) 

WinDose 485 18 14.9 - 1063.1 (1.2) 

Chest 
CT Expo 

10mm / 1.0 / 
helical / 10mm 

360 22 - 29.9 (0.3) 657 (1.1) 
ImPACT calculator 380 21.5 - 30.0 (0.0) 646 (0.6) 

WinDose 400 21 15.08 - 634.8 (2.3) 

Abdomen 
CT Expo 420 22 - 34.9 (0.3) 767 (1.7) 

ImPACT calculator 440 22.5 - 34.8 (0.6) 783 (0.4) 
WinDose 465 22 15.08 - 770.0 (1.3) 

Pelvis 
CT Expo 420 17 - 34.9 (0.3) 593 (4.0) 

ImPACT calculator 440 16.5 - 34.8 (0.6) 574 (0.7) 
WinDose 450 16 15.08 - 558.9 (1.9) 

 
 
 
 
 

MSCT 

Head 
CT Expo 5mm / 1.0 / 

contiguous / 12 
x 1.5mm 

320 17 - 61.1 (1.8) 1038 (1.1) 
ImPACT calculator 320 17.5 - 60.2 (0.3) 1053 (0.3) 

WinDose 240 17 15.8 - 1029.7 (1.9) 

Chest 
CT Expo 

10mm / 1.0 / 
helical / 16 x 

1.5mm 

400 22 - 30.4 (1.3) 664 (2.2) 
ImPACT calculator 400 21.5 - 30.4 (1.3) 655 (0.8) 

WinDose 280 22 15.4 - 659.1 (1.4) 

Abdomen 
CT Expo 460 22 - 35.0 (0.0) 769 (1.4) 

ImPACT calculator 400 22.5 - 35.0 (0.0) 780 (0.0) 
WinDose 330 22 15.4 - 776.8 (0.4) 

Pelvis 
CT Expo 460 16 - 35.0 (0.0) 559 (1.9) 

ImPACT calculator 400 16.5 - 35.0 (0.0) 578 (1.4) 
WinDose 310 17 15.4 - 593.6 (4.1) 

 

 

a percentage of deviation from the values recommended by the European guidelines 15 


