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Abstract 

Both interobserver and intraobserver variability evaluations are important to validate the data reliability 

and ensure consistency in measurements. to assess the variability in anteroposterior (AP) and lateral (LAT) 

diameter measurements of the head and abdomen for determination of effective diameter among paediatric 

population. The measurements were conducted by various observers. Fifty CT images of paediatric head 

and abdomen were randomly selected from from five different age groups of paediatric patients, all aged 

below 18 years old. All images were acquired using the standard exposure protocol for head and abdomen 

CT scanning. The anteroposterior (AP) and lateral (LAT) diameters were measured on selected CT images 

of the head and abdomen at specific levels. To ensure measurement consistency, diameters were 

consistently measured at defined positions: the middle slice for the head and a position between the 

kidneys or the second lumbar vertebra for the abdomen. All diameter measurements were conducted by 

three observers and repeated three times. Statistical analysis, including the intraclass correlation 

coefficient (ICC) and Bland-Altman method for intraobserver and interobserver agreement, were employed 

to assess measurement consistency. The findings showed excellent reliability in all measurements (LCC 

values > 0.9) for both interobserver and intraobserver. The variability between student, physicist and 

radiologist was high. The deviation of observer measurements between all observers were also significant 

for AP and LAT diameters of head and abdomen of the selected CT images.  The findings resulted in high 

reliability, showing strong agreement among measurements and low variability in measurements among 

all observers and amongst all participating centres. The variability between the principal investigators was 

lower, but still substantial. The deviation of observer measurements from the experience observer 

(reference) were also significant for all CT parameters. We found excellent reliability for both intra- and 

interobserver measurements. 
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Introduction 

In current practice of computed tomography (CT) dosimetry, the radiation dose to patient were quantify 

using a standard phantom having definite size of 16 cm (for head) or 32 cm (for abdomen). The patient dose 

is represented by the volume CT dose metrics, CTDIvol and dose-length product (DLP) serve as CT dose 

indices, and they are associated with the total energy imparted in the standard phantom and are influenced 

by changes in exposure parameters and tube output [1]. The major limitation of the current dosimetry 

method is its inability to accurately represent the actual absorbed dose to patients due to a lack of 

consideration for variability in patients' sizes. [2‒4].  

The size-specific dose estimate (SSDE) method has been introduced in 2011 by the American Association 

of Physicists in Medicine (AAPM) for CT dose estimation based on individual size [1,5]. The purpose of SSDE 

is to address the limitations of using a single dose metric (CTDIvol and DLP) for patients of different sizes. 

SSDE provides more accurate and personalised dose assessments for patients undergoing CT scans 

compared to the current displayed dose metrics [6-8]. By considering an individual's specific size through 

effective diameter (Deff) measurements, SSDE allows for more precise estimation of radiation dose tailored 

to each patient. A correction factor (CF) is applied to the displayed CTDIvol to adjust for factors such as 

patient size or scanner characteristics. Conversion factors (CTDIvol-to-SSDE) for abdomen and head CT 

scans were developed and documented in AAPM Report 204 and 293 [7]. This adjustment helps provide a 

more accurate estimation of the radiation dose received by the patient from CT scan, considering variations 

in patient size.  

The previous studies reported dose underestimation by 40% ‒ 70% using the current dose metrics for 

averaged adult size and paediatric size [2, 9‒10]. This is due to the actual body size is smaller than the 

reference phantom size. It is noted that paediatrics patients may be at risk to receive excessive radiation if 

CT exposure settings are not adjusted appropriately to account for their smaller body size. Modification on 

the routine exposure settings based on patient size is recommended to minimise radiation doses for 

paediatric patients [1, 8, 11‒13]. A recent study indicated an inverse relationship between age and the 

accuracy of dose estimation, implies that as the age of the paediatric patient decreases, the accuracy of 

estimating radiation doses tends to increase, and vice versa [14].  

Most of the Deff calculation involved manual measurement of the AP and LAT diameters conducted by 

observers. However, the accuracy of these manual measurements often overlooks observer variability, 

which is another crucial aspect of evaluating diagnostic test performance. Interobserver and intraobserver 

variability evaluation are methods used to assess the consistency and reliability of observations made by 

different observers or by the same observer at different times. Intraobserver variability assesses 

consistency of an observer's measurements when repeated under similar conditions. Interobserver 

variability assesses variation in measurements conducted by different observers on the same dataset. 

Interobserver variability was defined as the difference in the measurements between observers. This study 

aims to assess the variability among different observers in measuring the anteroposterior (AP) and lateral 

(LAT) diameters for determination of effective diameter in the paediatric population. This initial 

investigation compares measurements made by inexperienced observers with those made by experienced 

observers, including radiologists and medical physicists.  

Methods 

In this retrospective study, measurements of individual-specific size were conducted on CT images of 

pediatric patients who underwent abdomen and head CT scans. All paediatric CT examinations were 

performed using a Siemens SOMATOM® Definition AS+ (Siemens Healthcare, Forchheim, Germany). This 

study protocol has been reviewed and granted approval from Human Research Ethics Committee (Approval 

code: USM/JEPeM/PP/23070579). 
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Subjects 

In this study, the subjects involved paediatric patients aged < 18 years old. The sample population were 

classified based on their age group; Group 1 (neonate: 0 to < 1 month of age), Group 2 (infant: 1 month to 

<4 years), Group 3 (middle childhood: 4 to <10 years old), Group 4 (early adolescence: 10 to <14 years) and 

Group 5 (late adolescence: 14 to <18 years), as recommended by Ministry of Health Malaysia [15]. Fifty 

samples (25 CT images of head and 25 CT images of abdomen) that fulfilled the inclusion and exclusion 

criteria as below were identified and selected.  

Inclusion criteria: 

1. Clinical CT images of paediatric patients aged from 0 to below 18 years old undergone head and 

abdomen CT scanning at the selected centres.  

Exclusion criteria:  

1. Paediatric patient with insufficient data required such as dose information (CTDIvol in mGy and DLP in 

mGy.cm) and scanning parameters. 

2. CT images with poor image quality and low diagnostic information. 

3. CT images with incomplete incomplete views, where certain body parts are not fully covered within 

the field of view (FOV) during scanning. 

Diameter Measurement 

Two parameters, the anteroposterior (AP) and lateral (LAT) diameters, were measured on selected CT 

images at specific levels: the middle slice (at the largest diameter) for head region and at the level of the 

kidneys, corresponding to the location of the second lumbar vertebra, for abdomen region. The 

measurements were conducted and repeated by three different observers with varying levels of experience. 

The first observer (O1), serving as the reference rater, is an experienced radiologist with over 5 years of 

experience. Meanwhile, the second observer (O2) is a medical physicist with over 5 years experience and 

the third observer (O3) is a student with no experience.  

The paediatric specific size was determined from the AP and LAT dimensions of the patient, measured from 

CT images of either head or abdomen regions, as depicted in Figure 1. Then, the effective diameter, Deff is 

calculated using the equation [4]: 

𝐷𝑒𝑓𝑓 =  √(𝐴𝑃 ×  𝐿𝐴𝑇)         (1) 

The SSDE is determined by multiplying the displayed CTDIvol with the correction factor (CF) derived from 

standardised methods as outlined in AAPM Report 204 [1]. The calculation of SSDE is represented in 

Equation 2 [4].  

𝑆𝑆𝐷𝐸 = 𝐶𝐹 × 𝐶𝑇𝐷𝐼𝑣𝑜𝑙                (2) 
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Figure 1: Measurement of AP and LAT diameters on axial CT images at head (top) and abdomen region 

(bottom). 

All measurements were performed on the same slices using the same measurement platform (picture 

archiving and communication system, PACS) to ensure consistency among observers. 

Statistical Analysis 

Variability of the measurements from multiple observers or multiple measurements by the same observer 

on the same set of subjects were analysed using IBM SPSS statistical software (Version 26). Interobserver 

variability analyse the variations in measurements among different observers independently assess the 

same dataset, while intraobserver variability evaluates discrepancies in measurements made repeatedly 

by the same observer. The intraclass correlation coefficient (ICC) analysis was employed to determine the 

single-measurement (intraobserver) reliability and multiple-measurement (interobserver) reliability. The 

ICC is a value between 0 and 1. ICC close to 1 indicates high reliability, suggesting strong agreement among 

measurements. ICC close to 0 indicates low reliability, suggesting poor agreement among measurements. 

Cronbach's alpha measure the internal consistency, reliability, and homogeneity of a measurement. The 

Bland-Altman plot was used to assess the interobserver agreement and validate the measurement made by 

the inexperienced observer (O3). The plot consists horizontal lines indicated the average difference and 

limits of agreement, LOA (mean differences ± 1.96 standard deviations of the differences). The spread of 

data points around the mean difference line and within the LOA was evaluated. A wider spread on the plot 

suggested poorer agreement, while narrower spread indicated better agreement between the two paired 

measured values [16]. 
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Results 

The box-and-whisker plot in Figure 2 representing the distribution of the AP and LAT diameter 

measurements performed by the three observers on the head and abdomen regions. The boxplot shows the 

interobserver variability range for AP and LAT diameter measurements by the three different observers. 

Across all paediatric age groups, it is evident that the trend or distribution of the measurements was 

consistent and comparable among the three observers. This indicates that the measurements performed 

by the three different observers were largely consistent, showing only small discrepancies. Additionally, it 

is notable that the distribution of the boxplot increases as age increases, indicating larger sizes (increased 

AP and LAT diameters for both head and abdomen regions) among older age groups of paediatric patients. 

 

  

  

Figure 2: Interobserver variable range for AP and LAT diameters measurement at (top) head region and 

(bottom) abdomen region performed by three different observers. 

 

The results for both intraobserver and interobserver variability analysis are summarised in Table 1 and 2. 

The Bland Altman analysis was conducted to assess the agreement of the diameter measurements (AP, LAT, 

and effective diameters) between two observers. Table 1 shows the variability of measurements between 

observer 1 and observer 3. Meanwhile, Table 2 shows the variability of measurements between observer 2 
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and observer 3. The results from Bland Altman analysis are represented as limits of agreement (LOA) and 

mean difference or bias values. LOA represents the range within which most differences (approximately 

95% of the differences) between two observers’ measurement are expected to fall. From the findings, it 

shows that the most of the mean difference values were small and close to zero (range of 0.01–0.23). These 

suggests a good agreement between the observers. 

 

Table 1: The summary for reliability and agreement of measurements between O1 (radiologist) and O3 

(student).  

Body 

regions 

Variabl

e 

Bland Altman Single 

measurement 

Multiple 

measurement 

Mean (± SD) 

 

Mean difference 

(± SD) 

95% LOA ICC p-

value 

(F-

test) 

ICC p-

value 

(F-

test) 

Head  

(n = 25) 

AP 15.95 (±1.97) 0.02 (± 0.21) -0.39‒0.43 0.994 < 0.05 0.997 < 0.05 

LAT 13.89 (±1.56) 0.01 (±0.12) -0.23‒0.24 0.986 < 0.05 0.993 < 0.05 

Deff 14.88 (±1.72) 0.03 (±0.15) -0.27‒0.32 0.994 < 0.05 0.997 < 0.05 

Abdome

n (n = 25) 

AP 14.64 (±3.47) 0.23 (±0.21) -0.19‒0.65 0.996 < 0.05 0.998 < 0.05 

LAT 19.93 (±5.34) 0.22 (±0.23) -0.23‒0.68 0.998 < 0.05 0.999 < 0.05 

Deff 17.07 (±4.32) 0.23 (±0.21) -0.17‒0.64 0.997 < 0.05 0.999 < 0.05 

 

Table 2: The summary for reliability and agreement of measurements between O2 (physicist) and O3 

(student).  

Body 

regions 

Variabl

e 

Bland Altman Single 

measurement 

Multiple 

measurement 

Mean (± SD) 

 

Mean difference 

(± SD) 

95% LOA ICC p-

value 

(F-

test) 

ICC p-

value 

(F-

test) 

Head  

(n = 25) 

AP 15.98 (±1.96) 0.08 (±0.12) -0.15‒0.31 0.997 < 0.05 0.999 < 0.05 

LAT 13.90 (±1.56) 0.03 (±0.13) -0.23‒0.29 0.951 < 0.05 0.975 < 0.05 

Deff 14.90 (±1.71) 0.05 (±0.09) -0.11‒0.22 0.986 < 0.05 0.993 < 0.05 

Abdome

n (n = 25) 

AP 14.60 (±3.44) 0.16 (±0.10) -0.04‒0.36 0.999 < 0.05 0.999 < 0.05 

LAT 19.90 (±5.32) 0.16 (±0.18) -0.20‒0.52 0.999 < 0.05 0.999 < 0.05 

Deff 17.03 (±4.29) 0.16 (±0.10) -0.03‒0.36 0.999 < 0.05 0.999 < 0.05 

 

The outcomes of the intraclass correlation (ICC) analysis aimed at assessing the agreement of diameters 

measurements of the head and abdomen conducted by different observers (radiologist, physicist, and 

student). From the findings, it shows that most of the measurement yield high degree of reliability across 

the three observers’ with ICC values close to 1 (range of 0.951–0.999). The single measurement results 

showed high degree of agreement of measurements made by the same observer over time (ICC close to 1). 

The similar findings were observed for multiple measurements that proved high degree of agreement of 

the measurements made by two observers (ICC close to 1), for both comparison between O1 and O3 (Table 

1), and O2 and O3 (Table 2). A high level of agreement among observers indicates low interobserver 

variability with low discrepancy. 
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The agreement between measurements made by different observers were further evaluated using Bland-

Altman analysis. Figure 3 and 4 shows the Bland-Altman plot that represents comparison of interobserver 

variability in diameter measurements made by student (O3) with the experienced observers, radiologist 

(O1) and physicist (O2). Figure 3 shows the plot of AP (left) and LAT (right) diameter measurements for 

the head region (top), and abdomen (bottom) made by observer 1 and observer 3. From the figure, it reveals 

that LAT head measurements exhibit the smallest range of limits of agreement (-0.2‒0.2), suggesting a 

higher level of agreement between O1 and O3. 

 

  

  

Figure 3: The Bland-Altman plot represents the agreement between two quantitative measurements (AP 

and LAT diameters) made by O3 (student) and O1 (radiologist). 

 

Figure 3 shows the boxplot of AP (left) and LAT (right) diameters measurements for the head region (top), 

and abdomen (bottom) made by observer 2 and observer 3. From the figure, it reveals that measurements 

of AP abdomen exhibit the smallest range of limits of agreement (-0.04 ‒ 0.36), suggesting the highest level 

of agreement between O2 and O3. Besides, the boxplot for AP abdomen also shows a narrower spread of 

data points around the mean difference line and within the limits of agreement, which indicate better 

agreement between the two observers. 

 

Discussion 

Accurate CT dose estimation in paediatric patients requires considering the size of the patient's body. The 

size-specific dose estimate (SSDE) provides more accurate dose estimates compared to CTDIvol, with patient 

habitus being a primary influencing factor. The measurement of an individual's specific size for SSDE is 

typically conducted manually, and variability among observers can influence the findings. In this study, the 
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variability among different observers in measuring the anteroposterior (AP) and lateral (LAT) diameters 

for determination of effective diameter in the paediatric population is assessed. This initial work compared 

measurements made by inexperienced observers (student) with those made by experienced observers, 

including radiologists and medical physicists. 

 

  

  

Figure 4. The Bland-Altman plot represents the agreement between two quantitative measurements (AP 

and LAT diameters) made by O3 (student) and O2 (physicist). 

 

The intra-class correlation (ICC) analysis was conducted to evaluate the intraobserver and interobserver 

variability. The findings were presented as Bland-Altman plot and box and whisker graph. Based on the 

findings, both single-measurement (intraobserver) reliability and multiple-measurement (interobserver) 

reliability demonstrated higher ICC values, approaching 1 with statistical significance (p-value < 0.01), as 

shown in Table 1 and 2. These findings indicate a strong agreement among observations across the 

measurements. Besides, small discrepancies or variations were observed in measurements by different 

observers. The interobserver variability showed excellent reliability and therefore measurements taken by 

different observers are accepted.  

 

In clinical or research settings, the manual measurements of AP and LAT diameters on CT images can be 

tedious, particularly when dealing with large samples or datasets required to accurately represent the 

paediatric population in SSDE calculations. In research, the measurement may be conducted by 

inexperienced observers such as student or research assistant. Therefore, the findings have proved that the 

variability is small among inexperienced observer and experienced observers. However, it is it is crucial to 
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implement standardisation and training protocols to improve measurement consistency among observers 

in paediatric settings. This includes using the same slice of CT images and employing the same platform or 

software for the diameter measurement. 

 

In our study, the greatest level of agreement was noted in the measurement of AP and LAT diameter of the 

abdomen in both interobserver and intraobserver evaluations with higher ICC value. In SSDE calculations, 

the variation of body habitus in the abdomen is typically more significant and should be considered 

compared to the head. This is because the abdomen region often exhibits greater variability in size and 

tissue composition among individuals, which can have a more pronounced effect on radiation dose 

estimation. The limitations of this study include lack of data, particularly in the younger age group (Group 

1), as well as missing patient information including dosage information (CTDIvol in mGy and DLP in mGy.cm) 

and other scanning parameters necessary for SSDE conversion. Additionally, it is also important to ensure 

the samples consist of CT images with adequate image quality providing optimum diagnostic value. 

Additionally, the images should display complete views (non-truncated), where entire regions of the head 

or body are within the field of view (FOV) during scanning. This is to ensure accurate AP and LAT diameters 

measurement for SSDE calculation. 

 

Conclusion 

We found a higher level of agreement (close to 1) on the measurement of AP and LAT for the head and 

abdomen regions between the observers, and also between repeated measurements by single observer, 

which indicates excellent reliability for both intra- and interobservers measurements. Addressing 

interobserver and intraobserver variability is important for accurate determination of effective diameter 

and SSDE in research and clinical settings. Identifying and minimising the variability will improve the 

consistency and accuracy of data interpretation.  
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