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Abstract 

Objectives: This study aimed to measure variations in dose output and patient’s effective dose across the different 
computed tomography scanners during standard CT examinations of head, chest and abdomen, so as to determine 
patient, and machine settings that contribute to variations in radiation dose to optimize patient effective dose.  

Methods: Retrospective, study performed in different hospitals, in Najran province (K.S.A) from October 2022 to June 
2023. The study comprise 360 adults CT examinations. The mean values of CT dose index volume (CTDIvol) and dose 
length product (DLP) were measured. The patient effective dose (ED) were calculated for each protocol and compared 
among different CT scanners.  

Results: The mean values of CTDIvol , DLP, and ED, varied across the different CT scanners, Regarding abdomen CT, 
the CTDIvol mean values were (5.56 mGy to 18.655 mGy) , the DLP (289.78 to 968.241 mGy/cm), and mean effective 
doses were (4.34 to 14.5 mSv), in chest CTs the mean values of CTDIvol were (5.05 to 14.39mGy), the DLP were (202.84 
to 499.098mGy/cm), and median effective doses were (2.85 to 6.97 mSv), in head CTs the mean values of CTDIvol were 
(42.4to 68.278mGy), the DLP were (781 to 1209.18mGy/cm), and effective doses were (1.636 to 2.528mSv). 

Conclusion: Regarding selected exams, CTDI, DLP and ED were found to be varied from low variations in head CT scan, 
to medium in chest CT scan and high variation in abdomen CTs among different CT scanners, The highest values of 
CTDI and DLP were noted in head CTs followed by abdomen, and the lowest were in chest CTs . The most factors 
affected the CT dose variations were the technical parameters settings, mainly the number of slices, however the 
scanner specifications reported some impact. Optimizing dose to a reliable standard for each anatomical part should 
be adjusting independently by each department according to the scanner characteristics, settings and patient 
factors. 
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1. Introduction

Medical imaging plays a vital role in accurate diagnosis and improved patient treatment [1]. The use of ionizing radiation 
in medical imaging is associated with a risk of cancer thus, efforts should be focus to standards of safety and optimization 
[2]. Computed Tomography (CT) is an x-ray imaging modality with a high radiation dose [3]. Since the risk of radiation 
induced malignancy attributable to CT is not totally zero, dose reductions policies are one of important consideration 
[4]. The optimization process requires a balance between patient dose and image quality, along with other clinical 
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considerations [5]. With the rapid advanced of CT technology in clinical applications, CT should have obligation to teach, 
understand, and use CT dose reports in practical aspects [6].  

The radiation output that a CT scanner provides during an examination can be calculated by using the volume CT dose 
index (CTDIvol) and dose length product (DLP), which are an internationally standardized measurement that useful for 
comparing CT protocols between scanners [6]. CTDIvol (mili-gray (mGy)), can be considered the average radiation 
output per slice of the CT scanner and depends only on the type of scanner and acquisition parameters such as x-ray 
tube peak kilovoltage (kVp) and tube current–time product. However, it is not affected by patient size or scan length 
[7]. DLP indicates the total amount of radiation incident on the patient. A change in DLP is associated to changes in CT 
dose parameters and scan length [8]. 

Both CTDIvol and DLP parameters are displayed on the control console during and after CT planning, however, these 
only represent the radiation dose delivered by the CT device, whereas based on this, the patient dose is a variable 
consequential and dependent on the patient factors [9].  

With effective dose the organ doses from a partial irradiation of the body are converted into an equivalent dose to the 
entire body, hence, the effective dose (Millisievert (mSv)), reveal the amount of radiation that received by a patient’s 
tissue regarding its sensitivity [10]. It is used in protection planning, choosing imaging techniques, and evaluating 
differences in doses between procedures (ICRP 2021) [11]. Calculations of CT doses are required to chart scanner 
output to patient dose, considering the patient’s size, scanned areas and composition, and scan range [12-13]. 

Many previous studies reported that the amount of CT doses fluctuated significantly across patients, hospitals, and 
machine factors or scanned area [14]. However, differences in patient populations and irregularities in data collection 
and analysis always affect both accurate evaluation of dose variations and determination the reason of variation [15]. 
Without determining specific factors behind variation in reported doses, it is undefined whether the setting of specific 
reference levels is needed [16]. Recently, the need for optimization of radiation doses to achieve the correct balance 
between diagnostic image quality and lower radiation dose in CT procedures has received much attention [17].  

This study was aimed to evaluate the variation in CT output doses and patients' effective dose across the different 
computed tomography scanners to determine patient factors and machine setting that contribute to variations in order 
to optimize patient effective dose.  

2. Materials and methods 

This was a quantitative, descriptive, and cross-sectional study performed in different hospitals, in Najran province 
(K.S.A) using routine common CT examinations which performed in adults for clinical indications. During the study 
period, 360 adults male and female, their ages were ranged (18–90 years). All scan protocols were based on the 
manufacturer’s routine for head, chest and abdomen protocols, and all used AEC system, which modulated tube current 
in the longitudinal and angular directions to adjust scanner output according to the attenuation for each patient at 
different tube positions [18]. The mean values of CTDI and DLP during the most frequent CT examinations were 
measured. The patient effective dose was calculated for each protocol by using of the dose length product and published 
conversion factors [19], and were compared among different CT scanners. Examinations were performed on 4 different 
CT scanners during single phase’s standard routine CT examinations, in which each examination consisting of 30 
patients to measure variation in dose output and patients effective dose across the different CT scanners. Data of 
examinations performed which stored in digital imaging and communications in medicine (DICOM) format were 
retrieved from PACS and used to review these examinations. Data were analyzed using Microsoft excel Statistics. 

3. Results 

Data were obtained from four different CT scanners including: Siemens, Canon, General Electric and Philips. The range 
and mean values of volumetric computed tomography dose index (CTDIvol), dose length product (DLP) and effective 
dose (ED) in relation to the patients characteristics, and technical scan parameters (kv, pitch, and number of the slices) 
were calculated as given below. 
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 Table 1 Comparison of Standard CT Abdomen Protocols and doses in different CT machines 

Scanner  Age weight Kv No of slices Pitch CTDI 

mGy 

DLP 

mGy/cm 

ED 

mSv 

1 Mean 34.33 63.75 120 159 0.813 18.66 968.24 14.50 

Max 53 89 120 175 0.813 18.84 1055 15.8 

Min 20 49 120 138 0.813 18.59 848 12.7 

2 Mean 36.38 81.38 120 94 0.637 5.56 289.77 4.34 

Max 58 99 120 109 0.637 7.6 395.6 5.9 

Min 18 61 120 81 0.637 3.4 154.2 2.3 

3 Mean 39.67 69.75 120 146 0.6 14.08 642.17 9.64 

Max 79 87 120 164 0.6 18.1 920 13.8 

Min 22 53 120 126 0.6 7.8 320 4.8 

4 Mean 40.46 73 120 119 1.375 9.97 518.45 7.79 

Max 78 80 120 131 1.375 13.13 696 10.4 

Min 24 58 120 101 1.375 6.75 330 5 

 

Table 2 Comparison of Standard CT chest Protocols and doses in different CT machines 

Scanner  Age Weight Kv No of slices pitch CTDI 

mGy 

DLP 

mGy/cm 

ED 

mSv 

1 Mean 58.38 74.46 120 103 0.813 10.23 355.55 4.99 

Max 86 95 120 131 0.813 14.11 482.1 6.7 

Min 25 50 120 79 0.813 5.84 185.7 2.6 

….2 Mean 31.83 70.41 120 65 0.637 5.05 202.84 2.85 

Max 52 81 120 85 0.637 9.2 429.4 6 

Min 18 50 120 50 0.637 2.3 81.9 1.1 

3 Mean 56.38 72.75 120 54 1.2 12.42 336 4.68 

Max 81 82 140 63 1.2 18.1 373 5.2 

Min 32 61 120 38 1.2 8.4 267 3.7 

4 Mean 56.11 74.66 100 111 0.984 14.38 499.08 6.98 

Max 90 87 100 125 0.984 19.3 686 9.6 

Min 24 60 100 85 0.984 7.7 267 3.7 

 

Table 3 Comparison of Standard CT head Protocols and doses in different CT machines 

Scanner  Age Weight Kv slices pitch CTDI 

mGy 

DLP 

mGy/cm 

ED 

mSv 

1 Mean 44.93 67.66 120 36 0.813 54.13 1050.13 2.19 

Max 76 93 120 40 0.813 54.13 1151.2 2.4 
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Min 23 50 120 31 0.813 54.13 908.5 1.9 

2 Mean 39.28 69.5 120 37 0.637 42.4 975.29 2.04 

Max 87 106 120 46 0.637 43 1057.7 2.2 

Min 18 51 120 32 0.637 34.6 864.1 1.8 

3 Mean 47 67.36 120 52 0.55 47.081 781 1.63 

Max 74 79 120 62 0.55 58.8 1104 2.3 

Min 24 58 120 46 0.55 39 587 1.2 

4 Mean 45.71 65.285 107.14 32 0.53 68.278 1209.18 2.53 

Max 85 80 120 37 0.531 87.2 1586 3.3 

Min 20 20 80 27 0.531 46 782 1.6 

 

Table 4 Comparison of mean values of Standard Protocols and CT doses for selected exams in ach scanner 

Protocols 

 

MeanAge Mean 
weight 

Mean 
Kv 

Mean No of 
slices 

MeanPitch Mean 
CTDI 

mGy 

Mean 
DLP 

mGy/cm 

Mean 
ED 

mSv 

Scanner 1 

Abdomen  34.33 63.75 120 159 0.813 18.655 968.24 14.50 

Chest 58.38 74.46 120 103 0.813 10.23 355.55 4.99 

Head 44.93 67.66 120 36 0.813 54.13 1050.13 2.19 

Scanner 2 

Abdomen  36.38 81.38 120 94 0.637 5.56 289.78 4.34 

Chest 31.83 70.41 120 65 0.637 5.05 202.84 2.85 

Head 39.28 69.5 120 37 0.637 42.4 975.29 2.043 

Scanner 3 

Abdomen  39.67 69.75 120 146 0.6 14.08 642.166 9.64 

Chest 56.38 72.75 120 54 1.2 12.418 336 4.69 

Head 47 67.36 120 52 0.55 47.081 781 1.64 

Scanner 4 

Abdomen  40.46 73 120 119 1.375 9.97 518.45 7.79 

Chest 56.11 74.66 100 111 0.984 14.39 499.09 6.98 

Head 45.71 65.28 107.14 32 0.53 68.28 1209.18 2.53 

Table1, estimate the mean of the CT dose metric parameters (CTDIvol, DLP, and ED) obtained for standard abdomen CT 
scan protocols among the four different scanners. Regarding scanner 1, the mean patients age and weight were 34.3 
years, 63.74 kg respectively, the mean values of scan parameters were 120 kV, number of slices were 159, and pitch 
was 0.813, while the mean of the CTDIvol, DLP and ED were 18.655mGy, 968.241mGy/cm, and 14.501mSv respectively.  

Concerning scanner 2, the mean of patients age and weight were 36.38 years, 81.38 kg, the mean of scan parameters 
were 120 kv, 94 slices and pitch was 0.637, while the mean value of the CTDIvol, DLP and effective dose were 5.56mGy, 
289.775mGy/cm. and 4.337mSv respectively. 
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Also in scanner 3, the mean of patients age and weight were 39.7 years, 69.8 kg, the mean of scan parameters were 120 
kv, 146 slices with pitch of 0.6, while the mean value of the CTDIvol, DLP and ED were 14.08mGy, 642.16mGy/cm and 
9.64mSv respectively. 

In scanner 4, the mean of patients age and weight were 40.46 years, 73 kg, the mean values of scan parameters were 
120 kv, 119 slices and pitch of 1.375, while the mean value of the CTDIvol, DLP and ED were 9.9mGy, 518.45mGy/cm and 
7.79mSv respectively. 

Table 2, estimate the mean of the CT dose metric parameters for standard chest CT scan protocols among the four 
different scanners. Regarding scanner 1, the mean of patients age was 58.4 years, the mean patients weight was 74.5 
kg, the means of scan parameters were 120 kv, 103 slices, and 0.813 pitch, while the mean of the CTDI vol, DLP and ED 
were 10.23 mGy, 355.553 mGy/cm and 4.99 mSv respectively.  

For Scanner 2, the mean of patients age and weight were 31.83 years, 70.4 kg respectively, the mean values of scan 
parameters were 120 kv, 65 slices, and pitch of 0.637, while the mean value of the CTDIvol, DLP and ED were 5.05 mGy, 
202.881 mGy/cm and 2.85 mSv respectively. 

In scanner 3, the mean of patients age and weight were 56.38 years, 72.75 kg respectively, the mean values of scan 
parameters were 120 kv, 54 slices, and pitch of 1.2, and the mean value of the CTDIvol, DLP and ED were 12.42 mGy, 336 
mGy/cm and 4.69 mSv.  

Regarding scanner 4, the mean of patients age and weight were 56.1 years, 74.7 kg respectively, the mean values of scan 
parameters were 100 kv, 111 slices, and pitch of 0.984, while the mean value of the CTDIvol, DLP and ED were 14.39mGy, 
499.098 mGy/cm and 6.97mSv respectively.  

Table 3, shows the mean of the CT dose parameters obtained for standard head CT scan protocols among the four 
different scanners. Where in scanner 1, the mean of patients age was 44.9 years, the mean of patients weight was 67.7 
kg, the means of scan parameters were 120 kv, 36 slices and 0.813 pitch, while the mean of the CTDIvol, DLP and ED were 
54.13mGy, 1050.13mGy/cm, and 2.19mSv.  

Regarding scanner 2, the mean of patients age and weight were 39.3 years, 69.5 kg respectively, the mean values of scan 
parameters were 120 kv, 38 slices and pitch of 0.637, while the mean value of the CTDIvol, DLP and ED were 42.4mGy, 
975.29mGy/cm, and the 2.04mSv. 

Also in scanner 3, the mean of patients age and weight were 47 years, 67.36 kg respectively, the mean values of scan 
parameters were 120 kv, 52 slices, and pitch of 0.55, the mean value of the CTDIvol, DLP and ED were 47.08mGy, 
781mGy/cm, and 1.64mSv. 

While in scanner 4, the mean of patients age and weight respectively were 45.7 years, 65.3 kg, the mean values of scan 
parameters were 100 kv, 33 slices, and pitch of 0.531, the mean value of the CTDIvol, DLP and ED were 68.28mGy, 
1209.19mGy/cm, 2.53mSv. 

Table 4 compare the variations in patient dose in same CT scanner among the different scanned area, highest 
distribution of CTDI and DLP noted in head examination followed by abdomen and chest CTs, while lowest ED were 
calculated for head and the highest doses reported in the abdomen. 

4. Discussion 

Many previous studies reported that the amount of CT doses affected significantly across patients, hospitals, and 
scanned area, though reducing unnecessary variation in radiation dose across hospitals and imaging facilities is a 
complex but important practice for improving patient safety [9], this stud aim to assess the variation in CT output doses 
and patients' effective dose across the different computed tomography. 

Table 1, displays a comparison of the abdomen protocols and doses in different CT machines, and reflects that the mean 
values of CTDIvol were ranged from 5.56mGy to 18.655mGy, the DLP were ranged from 289.78 to 968.241mGy/cm, and 
consequently mean effective doses ranged from 4.34 to 14.5mSv. The distribution demonstrate high variations in mean 
values of CT doses and patient ED for abdomen CT across different CT scanners, where scanner 1 gives the highest doses 
and scanner 2 the lowest, whatever the mean age and mean body weight, but when considered technical factors, mean 
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doses for abdomen CT were noted to be increased with increasing the number of the slices. Table 2, displays a 
comparison of the chest protocols and doses in different CT machines, it demonstrates that the mean values of CTDIvol 
were ranged from 5.05 to 14.39, the DLP were ranged from 202.84 to 499.098, and median effective doses ranged from 
2.85 to 6.97mSv. The distribution demonstrate also high variations in the mean values of DLP, CTDIvol and patient 
effective doses ED across different CT scanners. Where scanner 4 gives the highest doses and scanner 2 is the lowest, 
with different patient weight, pitch and number of the slices. Table 3, displays a comparison of head protocols and doses 
in different CT machines, and shows that the mean CTDIvol were ranged from 42.4to 68.278, the DLP were ranged from 
781 to 1209.18, consequently median effective doses ranged from 1.636 to 2.528mSv. The distribution demonstrate 
average variation in the CTDIvol and DLP, where scanner 4 gives the highest doses and scanner 2 the lowest. However, 
low variation in patient effective doses was found across the four scanners. The results of this study reflect that, 
concerning same scanned area, with different values of pitch, number of slices, and patient we ight, but same kV, 
variations in mean values of CTDIvol, DLP, and ED, across the different CT scanners were documented and was 
ranged from low variations in head CT scan, to medium in chest CT scan and high variations in abdomen CT scan. 
While scanner 2 reported low level of CTDI, DLP and ED in all selected examinations whatever the mean age and 
mean body weight, we can note that the adaptation of scan parameters generally tend to decrease in the number of 
slices with applying average pitch in all protocols. We thought that CT machine manufacturers in their search to 
improve the performance of their devices in terms of image quality and patient radiation dose, they adjust their 
machines with advanced scanning protocols, software, and automatic exposure syste m, which directly affect 
variations between different scanners regardless of other parameters.  

Furthermore, the study found variations in patient radiation dose in the same CT scanner among the different 
scanned areas with using AEC, same kV and pitch (scanner 1 &2) but with differ in the number of slices and patient 
weight (Table 4), while highest measurement values of CTDIvol and DLP were noted in head examinations, where 
the mean values of CTDIvol were (54.13, 42.4, 47.081, and 68.28mGy), mean of DLP were (1050.13, 975.29, 781, and 
1209.18mGy/cm) in scanners 1, 2, 3, and 4, respectively, followed by abdomen, and chest CTs which reported lower 
output doses among all scanners except scanner 4, in which the high doses of the head CTs followed by the chest CTs 
and then the abdomen CTs. This finding indicates that head CTs in selected hospitals required to be well adapted, 
optimized, and compared with the national and international reference values. However, lowest ED were calculated 
for the head CTs where the mean values were (2.19, 2.043, 1.64, and 2.53mSv) in scanner 1, 2, 3 and 4, respectively 
,and the highest ED doses were reported in the abdomen CTs (14.50, 434, 9.64, and.7.79) in scanner 1, 2, 3, and 4, 
respectively. 

Concerning CT dosimetry, our study found considerable variations in CT dose across the different selected CT scanners, 
and different scanned areas, as a result of variances in selected technical parameters, machine manufacture, 
anatomical area under examination and patient dependent factors which affect dose levels and subsequently can 
increase CT dose variation. The most factors affected the CT dose variations were the set of the machine's technical 
parameters, mainly the number of slices and pitch which influence the CTDI vol and DLP, also the scanner 
specification reported some impact as in scanner 2. Conversely the dose variation is not largely related to the X-ray 
tube current or kilovoltage in this study, where the AEC and same KV were adjusted through almost exams among 
all scanners. Study done by Smith-Bindman et al. 2019, reported that variation in CT doses was mainly driven by how 
machines were used, rather than by patient or machine manufacturer or model [14]. 

These findings advise that radiology staff should be familiar with the concepts of choosing the correct settings for 
optimizing scanner output, and patient effective dose to a reliable standard between the different scanner models and 
scanned area. 

The fundamental of dose optimization protocol is updating physician and radiology team knowledge and awareness 
about what establishes a diagnostic CT scan based on the association of CT protocol parameter adoptions with accurate 
diagnostic image quality. We recommended to adjustment the scanning parameters using lesser number of slices, 
appropriate pitch, using CT models that provided with advanced protocols, software and automatic exposure system 
whenever possible in order to reduce the patient's effective dose and maintain image quality that answers the clinical 
requires. Education and collaboration in setting standards could offer the largest effect on optimizing dose. 

5. Conclusion 

For the standard CT head, chest and abdomen protocols, CTDI, DLP and ED were found to be varied among different CT 
scanner models, this variation ranged from low variations in head CT scan, to medium in chest CT scan and high 
variations in abdomen CT scan. The highest values of ED were noted in abdomen examinations followed by chest, 
and the lowest values were found in the head examinations. The most important factor that affected the CT dose 
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variations was the set of the machine's technical parameters, mainly the number of slices , however the scanner 
specification had reported some impact. Optimizing doses to a more constant standard for each anatomical part 
should be adjusting independently by each department according to the scanner specifications, setting and 
individually patient factors. Future studies should be focus on determining reference values for CT examinations in 
Najran province hospitals and comparing them with international references values. Also, the results of our study 
comparing the dose values in different protocols, thus, it can be presented to CT users in different hospitals so as to 
share the best practices on dose optimization used in different radiological centers. 

Limitation of the study  

Only four CT scanners were evaluated due to limited number of hospitals and CT machines in Najran region. Due to time 
limits, small study sample for each exam were used, also many variables like scan length, detectors number, slice 
thickness, that may affect dose output and patients effective dose were not included in the study. 
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