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Abstract - In the field of diagnostic radiology, a modality with advanced technology that utilizes X-rays 

is the Computed Tomography Scanner (CT-Scan). The radiation dose of CT scans is known to be greater 

compared to other modalities, making patient protection from excessive exposure a critical priority. 

Therefore, this study aimed to determine the effect of age and body mass on Computed Tomography 

Dose Index (CTDIVol) and Dose Length Product (DLP) values in CT Scan patients at the Radiology 

Installation of Andalas University Hospital, to provide the right and appropriate radiation dose for 

diagnostic purposes. The process included collecting radiation dose data on adult patients (≥ 15 years) 

with normal body mass (60±10) kg on patient’s non-contrast head and abdomen CT Scans with a total 

of 225 patients. The distribution of age and body mass data was carried out by averaging the radiation 

dose values at the same age and body mass. The results showed that age had an R2 value ranging from 

0.1 to 0.2, indicating a very low correlation in non-contrast head and abdomen examinations. Body 

mass had an R2 value of 0.1, indicating a low correlation in non-contrast head examinations and an R2 

value of 0.5, indicating a fairly high correlation in non-contrast abdomen examinations. Based on this 

study, it is recommended to optimize the radiation dose by considering body mass and using Automatic 

Exposure Control (AEC). Radiographers and medical physicists pay more attention to the accuracy of 

measuring the length of the radiation to optimize the radiation dose value. 
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INTRODUCTION 

The increasing use of X-rays in the 

medical field is accompanied by rapid 

advancement in technology and has 

significantly impacted both therapeutic and 

diagnostic radiology (Bibbo et al., 2016; 

Fardela et al., 2023, 2024; Muhammad et al., 

2021; Oliveira Bernardo et al., 2023; 

Radaideh et al., 2023). To facilitate more 

efficient examination and treatment 

processes, several modalities are combined 

using advanced technology. This includes 

the Computed Tomography Scanner (CT 

Scan) which incorporates X-rays in the field 

of diagnostic radiology (Almohiy, 2014; 

Joseph Zira et al., 2021; Lyons et al., 2024; 

Shirazu et al., 2018). The modality operates 

through modern computerized tomography 

techniques to detect human body anatomy 

such as the head, chest cavity, and 

abdominal cavity (Alkhidir et al., 2019; 

Ekpo et al., 2019; Kalender, 2014; Osman et 

al., 2023; Vassileva et al., 2015; Vawda et 

al., 2015).  

The radiation dose in CT Scan tends to 

be higher compared to other modalities, 

generating a more accurate and detailed 

image quality (Aldahery, 2023; Alzimami et 

al., 2021; Garcia-Sanchez et al., 2018; 

Latifah et al., 2019; Lee et al., 2015, 2019; 

Salama et al., 2017). Despite the significant 

benefit of CT Scan, it also poses potential 

health risks, including damage to tissue cells 

and body genetics when the patient is 

exposed to an excessive dose (Aamry et al., 

2020; Al Mahrooqi et al., 2015; Aloufi et al., 

2024). Therefore, exposure to ionizing 
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radiation should be considered, specifically 

during repeated examination, to minimize 

health risks. Radiation dose in CT Scan can 

be identified by Computed Tomography 

Dose Index (CTDIVol) and Dose Length 

Product (DLP) which are observable on the 

console monitor screen (Arlany et al., 2023; 

Costa et al., 2024; Guðjónsdóttir et al., 2023; 

Isa et al., 2019; Reza Deevband, 2018; 

Sulieman et al., 2020; Tan et al., 2023).  

Rawashdeh et al. (2023) investigated 

dose reference levels in pediatric CT, 

focusing on Age and size-specific dose 

estimation. This study comprised 

an examination of the head, chest, and 

abdomen-pelvis. According to the results, 

age was directly proportional to the radiation 

dose received by the patient due to 

differences in tissue factors. However, in 

some cases, the age is inversely proportional 

to the radiation dose.  

Kharita et al. (2020) studied the 

relationship between age and CT radiation 

dose. Analysis was conducted on dose trends 

in 705 pediatric head CT Scans. The results 

showed a correlation between age with 

CTDIVol and DLP values, where younger 

patients (specifically infants and toddlers) 

received higher radiation doses. This 

increased exposure was necessitated by the 

need for better image quality in small and 

developing brain structures.  

Brat et al. (2019) conducted a study on 

Local Clinical Diagnostic Reference Levels 

for Chest and Abdominal CT Examination in 

Adults as a Function of Body Mass Index 

and Clinical Indications. The results showed 

a correlation between body mass with 

CTDIvol and DLP values. Furthermore, body 

mass was directly proportional to the 

radiation dose required. This is because 

irradiated body parts are influenced by fat 

and the length of the scan during the 

examination. A study on the Use of Body 

Mass Index to Estimate Individual Patient 

Radiation Dose in Abdominal Computed 

Tomography has been conducted by O’Neill 

et al., (2018). The results showed that body 

mass affected the amount of radiation dose 

received. 

Based on previous studies, 

radiographers and medical physicists need to 

provide the right radiation dose according to 

age and body mass to prevent unnecessary 

exposure. Implementing strategies to 

optimize radiation protection and safety 

ensures that patients receive the lowest 

possible radiation dose while maintaining 

sufficient image quality for diagnostic 

purposes. Therefore, further studies on the 

effect of age and body mass on CTDIVol and 

DLP in CT Scan patients are necessary to 

determine the right and correct radiation 

dose. 

 

RESEARCH METHODS 

This study was conducted at 

the Radiology Installation of Andalas 

University Hospital using a retrospective 

method. The process included collection of 

dose data on patients subjected to non-

contrast head and abdomen CT Scan 

examinations with the Philips Ingenuity CT 

type. Figure 1 shows a CT Scan. 
 

 
Figure 1. CT Scan Andalas University Hospital 

 

Figure 2 shows the stages adopted to 

determine typical dose values and the 

correlation of age and body mass with 

CTDIVol and DLP values. 
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Permits and ethical approvals were 

obtained, which gave access to conduct the 

study in the hospital. Patient data, including 

dose measurements and body mass, were 

recorded. The collected data were in 

the form of serial numbers, initials, age, 

body mass, kV, mAs, CTDIVol, and DLP. 

Radiation dose data was collected in adult 

patients (≥ 15 years) with normal body mass 

(60±10) kg in non-contrast head and 

abdominal CT scan patients with a total of 

225 patients. This information was entered 

and sorted into Microsoft Excel based on age 

and body mass, to facilitate correlation 

analysis. The distribution of age and body 

mass data was carried out by averaging the 

radiation dose values at the same age and 

body mass. The relationship between age 

and body mass with CTDIVol and DLP 

values was presented in graphical form. 

Correlation data processing is conducted 

using statistical and linearity tests, with 

a coefficient of determination (R2 or R-

Square) adopted to assess the extent of the 

influence between the variables. The 

coefficient of determination value ranges 

from 0 to 1. The interpretation of correlation 

coefficient values, as outlined by Guilford 

(1956), is presented in Table 1. The 

correlation obtained will be compared with 

previous research to determine whether the 

results are consistent and to identify the 

factors that may explain any differences. 

Correlation analysis between age and 

body mass on CTDIVol and DLP values was 

only performed on non-contrast media CT 

Scan examinations, while correlation 

analysis was not used on contrast media CT 

Scan examinations because contrast media 

CT Scan examinations have a different 

number of sequences. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Study stages 

 

 

Start 

Recording data and measuring body mass 

of patients undergoing CT Scan of the head 

and abdomen 

Record patient radiation dose data in the 

form of CTDIVol and DLP values 

CTDIVol and DLP value data processing 

Analyzing the correlation of age and body 

mass with CTDIVol and DLP values 

Finished 

Managing study permits and codes of ethics 

at the hospital. 
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Table 1. Interpretation of correlation coefficient values 

No Correlation coefficient Interpretation 

1 0,80-1,00 Very high 

2 0,60-0,80 High 

3 0,40-0,60 Fair 

4 0,20-0,40 Low 

5 0,00-0,20 Very low 

 

RESULTS AND DISCUSSION 

Results 

The correlation analysis between age 

and body mass with CTDIVol and DLP was 

conducted using patient dose data in each 

non-contrast media CT Scan examination. 

Data from contrast-enhanced CT Scans were 

excluded from the analysis due to variations 

in the number of sequences used in these 

examinations. The following shows the 

correlation between age and body mass with 

CTDIVol and DLP. 

 

1. Correlation between age and 

CTDIVol and DLP 

The correlation of age with CTDIVol 

and DLP values in non-contrast head and 

abdomen CT Scans is presented in Figures 3 

and 4, respectively.  

 

 

 
Figure 3. (a) Correlation of age with CTDIVol on non-contrast head CT Scan examination (b) 

Correlation of age with DLP on non-contrast head CT Scan examination 

 

 
Figure 4. (a) Correlation of age with CTDIVol on non-contrast abdominal CT Scan examination (b) 

Correlation of age with DLP on non-contrast abdominal CT Scan examination 
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2. Correlation between body mass to 

CTDIVol and DLP  

The correlation of body mass with 

CTDIVol and DLP values in non-contrast 

head and abdominal CT Scans is shown in 

Figures 5 and 6. 

 

 
Figure 5. (a) Correlation of body mass to CTDIVol in non-contrast head CT Scan examination (b) 

Correlation of body mass to DLP in non-contrast head CT Scan examination 

 

 
Figure 6. (a) Correlation of body mass to CTDIVol in non-contrast abdominal CT scan examination (b) 

Correlation  of body mass to DLP in non-contrast abdominal CT scan examination 

 

Discussion 

Based on Figures 3 and 4, the 

correlation of age with CTDIVol and DLP in 

each CT Scan examination was conducted 

using statistical and linearity tests. The 

results showed an R2 value ranging from 0.1 

to 0.2, suggesting a very low or insignificant 

correlation, as the data points were spread 

around the middle region. Examination of 

the head section was influenced by the high 

exposure factor (mAs) and the length of the 

scan which varied according to medical 

needs. The results are in line with the study 

conducted by Saeed & Almalki, (2021) 

which discovered a direct proportionality 

between age with CTDIVol and DLP values. 

Similarly, Yang & Gao (2024) reported 

higher radiation doses in older patients. The 

correlation between age with CTDIVol and 

DLP values is not often directly 

proportional. This observation was obtained 

by Rawashdeh et al. (2023), who discovered 

that older patients received lower radiation 

doses. 
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Based on Figure 5, a correlation of 

body mass to CTDIVol and DLP was 

performed on non-contrast head CT scans 

using statistical and linearity tests. The 

results showed an R2 value of 0.1, 

suggesting a very low or insignificant 

correlation. The head has a denser structure 

than other parts, requiring a higher dose 

during the examination, leading to greater 

radiation absorption. This could be 

attributed to the head not being affected by 

fat and the circumference of the adult 

patient's skull. 

The correlation of body mass to 

CTDIVol and DLP values in non-contrast 

abdominal CT Scan examinations is shown 

in Figure 6. A sufficient correlation was 

observed with a coefficient of determination 

greater than 0.5. Abdominal examinations 

had a longer scan length and required a 

higher radiation dose. However, in 

abdominal examinations, there is a 

difference in excessive scan lengths up to the 

pelvis (pelvic cavity).  

The results obtained in this study are 

in line with the report of Brat et al., (2019), 

that body mass correlates with CTDIVol and 

DLP values. Patients with large body mass 

and thickness tend to use larger mAs, hence, 

the amount of radiation received influenced 

the high CTDIVol and DLP values. The same 

results were obtained in the study by O’Neill 

et al., (2018) where body mass was directly 

proportional to the radiation dose required. 

The results of Inoue et al., (2023) 

study indicate that body mass significantly 

affects the CT scan dose for patients, but this 

was not observed in the results of this study. 

Medical physicists and radiographers should 

consider body mass when setting parameters 

for administering radiation doses to patients. 

Additionally, optimization of patient 

examinations using CT scans at Andalas 

University Hospital should be improved 

through the use of Automatic Exposure 

Control (AEC), which assesses the 

attenuation strength of the patients image 

section, particularly based on localization 

images, and automatically modulates the 

tube current. AEC adjusts radiation exposure 

for each patient and position according to 

attenuation strength, contributing to the 

optimization of radiation doses. 

This study shows that the patient's 

body mass does not significantly affect CT 

scan examinations at Andalas University 

Hospital. It is recommended to optimize the 

radiation dose by considering body mass and 

using Automatic Exposure Control (AEC). 

Radiographers and medical physicists pay 

more attention to the accuracy of measuring 

the length of the radiation to optimize the 

radiation dose value. 

 

CONCLUSION 

In conclusion, age had a very weak 

correlation with CTDIVol and DLP values, 

while body mass had a fairly low correlation, 

except in non-contrast abdominal CT Scan 

examinations. 

The influence of the patient's body 

mass factor on CT scan examinations at 

Andalas University Hospital has not been 

found to be significant. Therefore, it is 

recommended to optimize the administration 

of radiation doses to patients, considering 

their body mass. Additionally, optimization 

can be achieved through the use of 

Automatic Exposure Control (AEC). The 

limitation of this study is that the patient's 

height factor has not been considered, so a 

comparison between body mass and patient 

height has not been made. This study could 

be continued by incorporating the AEC 

factor and the height factor for CT scan 

radiation dose management in hospitals. 
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