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Abstract 
Background: Computed Tomography (CT) is one 

of the most widely used diagnostic imaging 

modalities; however, concerns regarding radiation 

exposure continue to increase. CTDIvol is 

commonly used for dose reporting but does not 

account for patient size. Size-Specific Dose 

Estimate (SSDE) was introduced by the American 

Association of Physicists in Medicine (AAPM) to 

provide a more accurate patient-specific dose 

estimation. 

Objective: To compare CTDIvol and SSDE values 

in adult non-contrast chest and abdomen-pelvis CT 

examinations and assess the utility of SSDE in 

patient-specific radiation dose estimation. 

Materials and Methods: A cross-sectional 

observational study was conducted on adult patients 

undergoing routine non-contrast chest and abdomen-

pelvis CT examinations. CTDIvol values were 

obtained from scanner dose reports. SSDE values 

were calculated using patient effective diameter 

(Deff) and water-equivalent diameter (Dw) 

according to AAPM Reports 204 and 220. Statistical 

comparisons were performed between CTDIvol and 

SSDE across different anatomical regions. 

Results: The mean CTDIvol and SSDE values for 

chest CT were 7.8 ± 2.3 mGy and 10.2 ± 3.1 mGy, 

respectively, while for abdomen-pelvis CT they 

were 11.4 ± 3.0 mGy and 14.6 ± 3.8 mGy, 

respectively. SSDE values were significantly higher 

than CTDIvol values in both regions (p < 0.001). 

Dw-based SSDE demonstrated stronger correlation 

with BMI (R² = 0.84, r = 0.67) compared with Deff-

based SSDE (R² = 0.76, r = 0.58). 

Conclusion: CTDIvol alone may underestimate 

patient radiation dose. SSDE provides a more 

accurate and individualized assessment and should 

be integrated into routine CT dose monitoring and 

optimization programs. 

Keywords: CTDIvol, SSDE, Computed 

Tomography, Radiation Dose, Water-Equivalent 

Diameter, Dose Optimization. 

 

I. Introduction 
Computed Tomography (CT) has 

revolutionized modern diagnostic imaging by 

providing high-resolution cross-sectional images 

with rapid acquisition times. CT plays a crucial role 

in the diagnosis and management of thoracic, 

abdominal, and pelvic diseases. Despite its clinical 

benefits, CT contributes substantially to population 

radiation exposure. 

Traditional radiation dose metrics such as 

CT Dose Index Volume (CTDIvol) and Dose 

Length Product (DLP) are based on standardized 

phantoms and do not adequately account for patient 

size and tissue composition. Consequently, these 

metrics may not accurately represent the actual 

absorbed dose received by individual patients. 

To overcome these limitations, the 

American Association of Physicists in Medicine 

(AAPM) introduced the Size-Specific Dose 

Estimate (SSDE), which incorporates patient 

dimensions through effective diameter (Deff) and 

water-equivalent diameter (Dw). SSDE has been 
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shown to provide improved correlation with organ 

dose and effective dose compared to CTDIvol. 

The present study was undertaken to 

compare CTDIvol and SSDE in adult non-contrast 

chest and abdomen-pelvis CT examinations and 

evaluate the usefulness of patient-specific dose 

estimation in clinical practice. 

 

II. Materials and Methods 
This cross-sectional observational study 

was conducted in the Department of Radiodiagnosis 

at a tertiary care teaching hospital in Western Uttar 

Pradesh, India. The study population consisted of 

adult patients undergoing routine non-contrast 

computed tomography (CT) examinations of the 

chest and abdomen-pelvis. Patients aged 18 years or 

older who underwent routine non-contrast chest CT 

or abdomen-pelvis CT examinations were included 

in the study. Exclusion criteria comprised pediatric 

patients, contrast-enhanced examinations, trauma 

and emergency cases, and examinations with 

incomplete imaging data. A total of 200 CT 

examinations were analyzed, including 100 chest 

CT scans and 100 abdomen-pelvis CT scans. Data 

collected for each patient included age, gender, CT 

Dose Index Volume (CTDIvol, mGy), Dose Length 

Product (DLP, mGy·cm), Effective Diameter (Deff), 

Water-Equivalent Diameter (Dw), and Size-Specific 

Dose Estimate (SSDE) values. SSDE was calculated 

in accordance with the recommendations of the 

American Association of Physicists in Medicine 

(AAPM) Reports 204 and 220 using conversion 

factors based on patient size measurements. 

Statistical analysis was performed using SPSS 

software. Descriptive statistics were expressed as 

mean ± standard deviation. The paired t-test was 

used to compare CTDIvol and SSDE values, while 

Pearson correlation and linear regression analyses 

were conducted to assess the relationship between 

dose metrics. A p-value of less than 0.05 was 

considered statistically significant. 

 

III. Results 
Participant Characteristics 

A total of 200 adult patients were included in the 

study, comprising 110 males (55%) and 90 females 

(45%). The age ranged from 22 to 78 years, with a 

mean age of 50.3 ± 13.1 years. The mean BMI was 

25.1 ± 4.6 kg/m² (range: 17.2–35.8 kg/m²). 

 

Table 1. Demographic Characteristics of Study 

Participants 

Variable Value 

Total Participants (n) 200 

Male, n (%) 110 (55%) 

Female, n (%) 90 (45%) 

Age Range (years) 22–78 

Mean Age (years) 50.3 ± 13.1 

BMI Range (kg/m²) 17.2–35.8 

Mean BMI (kg/m²) 25.1 ± 4.6 

 

Table 2. Comparison of CTDIvol and SSDE in Chest and Abdomen-Pelvis CT Examinations 

Parameter Chest CT (mGy) Abdomen-Pelvis CT (mGy) 

CTDIvol 7.8 ± 2.3 11.4 ± 3.0 

SSDE 10.2 ± 3.1 14.6 ± 3.8 

Mean Difference 2.4 3.2 

Percentage Difference (%) 30.7 28.1 

p-value <0.001 <0.001 

 

Table 3. Bland–Altman Analysis of CTDIvol and SSDE 

Examination Mean Bias (mGy) 

Chest CT -2.4 

Abdomen-Pelvis CT -3.2 

 

Table 4. Comparison of Deff-Based and Dw-Based SSDE 

Parameter Chest CT (mGy) Abdomen-Pelvis CT (mGy) 

SSDE (Deff) 9.6 ± 2.8 13.8 ± 3.4 

SSDE (Dw) 10.2 ± 3.1 14.6 ± 3.8 

Mean Difference 0.6 0.8 

Percentage Increase (%) 6.2 5.8 
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Table 5. Correlation and Regression Analysis Between BMI and SSDE 

Parameter SSDE-Deff SSDE-Dw 

R² Value 0.76 0.84 

Pearson Correlation Coefficient (r) 0.58 0.67 

p-value <0.001 <0.001 

 

Table 6. Effect of BMI on Difference Between CTDIvol and SSDE 

BMI Category Difference Between SSDE and CTDIvol 

Underweight (<18.5 kg/m²) 22–25% 

Overweight/Obese (>30 kg/m²) 35–42% 

 

Table 7. Impact of SSDE-Guided Protocol Optimization 

Examination Before Optimization (mGy) After Optimization (mGy) Dose Reduction (%) 

Chest CT 10.1 8.3 17.8 

Abdomen-Pelvis CT 13.4 10.8 19.4 

 

 
 

Key Findings 

CTDIvol underestimated patient dose by 

approximately 28–31% (p < 0.001).  

Mean SSDE was 10.2 ± 3.1 mGy for chest CT and 

14.6 ± 3.8 mGy for abdomen-pelvis CT.  

Dw-based SSDE showed superior performance (R² 

= 0.84, r = 0.67) compared with Deff-based SSDE 

(R² = 0.76, r = 0.58).  

SSDE-guided protocol optimization reduced 

radiation dose by approximately 18–19% while 

maintaining diagnostic image quality. 

The observed differences between CTDIvol and 

SSDE were statistically significant in both chest and 

abdomen-pelvis CT examinations (p < 0.001), 

indicating that CTDIvol consistently underestimated 

patient-specific radiation dose. The magnitude of 

underestimation was greater in patients with higher 

BMI values, highlighting the importance of 
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incorporating patient size into radiation dose 

assessment. 

 

Correlation Analysis 

A strong positive correlation was observed between 

patient size parameters and SSDE values. Dw-based 

SSDE demonstrated better agreement with estimated 

organ dose than Deff-based SSDE. 

 

IV. Discussion 
The present study demonstrated that 

CTDIvol alone does not adequately represent 

patient-specific radiation exposure. These findings 

are consistent with previous investigations showing 

that CTDIvol is a standardized scanner output 

metric and should not be considered a direct 

measure of patient dose [1,4]. 

The results of the present study showed 

that SSDE values were significantly higher than 

CTDIvol values in both chest and abdomen-pelvis 

CT examinations. Similar observations have been 

reported by Christner et al., who demonstrated that 

CTDIvol tends to underestimate patient dose when 

patient size is not adequately considered [2]. 

The discrepancy between CTDIvol and 

SSDE was more pronounced in chest CT 

examinations. Kidoh et al. emphasized the 

importance of water-equivalent diameter for 

improving patient-specific dose estimation in chest 

CT imaging [12]. 

Furthermore, the present study found that 

Dw-based SSDE demonstrated superior 

performance compared with Deff-based 

calculations. This observation is supported by 

AAPM Report No. 220 and previous studies 

indicating that water-equivalent diameter 

incorporates both geometric dimensions and tissue 

attenuation properties, thereby providing a more 

accurate representation of patient radiation dose [9–

11]. 

Implementation of SSDE in routine clinical 

practice can improve dose optimization, patient 

safety, and compliance with the ALARA principle. 

Previous studies have demonstrated the 

effectiveness of CT dose optimization strategies and 

patient-specific dose monitoring approaches [13–

15]. 

The present study is limited by its single-

center design and inclusion of only adult non-

contrast examinations. Future multicenter studies 

with larger sample sizes are recommended to further 

validate SSDE-based dose optimization strategies. 

 

 

V. Conclusion 
This study demonstrated that CTDIvol 

significantly underestimates patient radiation dose 

compared with SSDE in adult non-contrast chest 

and abdomen-pelvis CT examinations. SSDE 

provided more accurate patient-specific dose 

estimation, while Dw-based SSDE demonstrated 

superior performance compared with Deff-based 

calculations. The findings support routine 

implementation of SSDE for individualized 

radiation dose assessment and optimization in 

clinical CT practice. 
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