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Abstract
Background Calculating size-specific dose estimates (SSDEs) requires measurement of the patient’s anteroposterior 
(AP) and lateral thickness based on computed tomography (CT) images. However, these measurements can be 
subject to variation due to inter-observer and intra-observer differences. This study aimed to investigate the impact of 
these variations on the accuracy of the calculated SSDE.

Methods Four radiographers with 1–10 years of experience were invited to measure the AP and lateral thickness 
on 30 chest, abdomen, and pelvic CT images. The images were sourced from an internet-based database and 
anonymized for analysis. The observers were trained to perform the measurements using MicroDicom software and 
asked to repeat the measurements 1 week later. The study was approved by the institutional review board at Taibah 
University, and written informed consent was obtained from the observers. Statistical analyses were performed using 
Python libraries Pingouin (version 0.5.3), Seaborn (version 0.12.2), and Matplotlib (version 3.7.1).

Results The study revealed excellent inter-observer agreement for the calculated effective diameter and AP thickness 
measurements, with Intraclass correlation coefficients (ICC) values of 0.95 and 0.96, respectively. The agreement for 
lateral thickness measurements was lower, with an ICC value of 0.89. The second round of measurements yielded 
nearly the same levels of inter-observer agreement, with ICC values of 0.97 for the effective diameter, 1.0 for AP 
thickness, and 0.88 for lateral thickness. When the consistency of the observer was examined, excellent consistency 
was found for the calculated effective diameter, with ICC values ranging from 0.91 to 1.0 for all observers. This was 
observed despite the lower consistency in the lateral thickness measurements, which had ICC values ranging from 
0.78 to 1.0.

Conclusions The study’s findings suggest that the measurements required for calculating SSDEs are robust to inter-
observer and intra-observer differences. This is important for the clinical use of SSDEs to set diagnostic reference levels 
for CT scans.
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Background
Computed tomography (CT) is a widely used imaging 
modality in healthcare for diagnosing various medical 
conditions [1]. CT scans are easy to perform and provide 
high-quality images, but concerns about the potential 
risks of radiation exposure are present [2–5]. To mitigate 
these concerns, diagnostic reference levels (DRLs) were 
introduced to ensure that patients are not exposed to 
unnecessary radiation during CT examinations [6]. DRLs 
help identify CT examinations with excessive radiation 
doses or insufficient image quality for diagnosis.

DRLs are typically set based on quantities derived from 
the CT dose index (CTDI), which measures the radiation 
dose delivered by a single gantry rotation. Commonly 
used quantities for determining DRLs are the volume 
CTDI (CTDIvol) and dose length product (DLP); how-
ever, they do not account for patient size. To address this 
issue, it was suggested that the size-specific dose estimate 
(SSDE) be used to set DRLs for CT scans [7, 8]. The use 
of SSDEs to determine DRLs is gaining popularity, driven 
by a desire to improve dose delivery accuracy and mini-
mize the risk associated with X-ray use.

Calculating the SSDE requires measurement of the 
patient’s anteroposterior (AP) and lateral thickness from 
the CT images [7]. However, these measurements can 
be subject to variation due to inter-observer and intra-
observer differences [9–11]. Previous studies generally 
indicated that inter-observer and intra-observer vari-
ability may affect the calculation of the SSDE but did not 
demonstrate the extent of its impact [9, 12–14]. There are 
currently no prior reports or evidence available regard-
ing variations in the measurements for SSDE. Thus, this 
study aimed to investigate the differences in measure-
ments of body thickness obtained from CT images to 
determine their impact on the accuracy of the calculated 
SSDE.

Methods
Observers
Following approval by the institutional review board at 
Taibah University and after obtaining written informed 
consent from the observers, four radiographers with 
1–10 years of experience were invited to evaluate the 
consistency in conducting essential measurements 
required for the computation of SSDEs. These radiog-
raphers hold valid licenses to practice their profession 
within Saudi hospitals. Their task involved measuring 
the AP and lateral thickness on CT scans. To ensure ano-
nymity and facilitate data analysis, each observer was 
assigned a unique code for the purpose of evaluating 
their measurements.

CT images
Thirty CT images encompassing the chest, abdomen, 
and pelvic regions were selected for the measurements. 
These images were sourced from an internet-based data-
base and made available for research purposes [15]. The 
images were anonymized and coded for analysis. The 
decision to include 30 images in the study was made to 
align with the established best practices for reliability 
studies to ensure the robustness and consistency of the 
findings [16].

Measurements
The observers were asked to perform the measurements 
using MicroDicom (MicroDicom Ltd., Sofia, Bulgaria). 
The software allows the display of medical images with 
high-quality visualization and supports measurement. 
The observers were given a 15-minute training session to 
familiarize them with the software and teach them how 
to perform the measurements. Then, the observers were 
asked to measure the AP thickness at the midline and the 
lateral width, as shown in Fig.  1. The effective diameter 
was then calculated using the following Eq [7].:

 effective diameter =
√
AP × Lateral

To minimize the potential for recall bias, the observers 
were asked to repeat the measurements on the same set 
of images 1 week after their initial assessment. Moreover, 
the images were presented in a random order during 
both measurement sessions.

Data analysis
The data were summarized and described using the 
mean and standard deviation. Intraclass correlation 
coefficients (ICCs) were used to assess inter- and intra-
observer agreement between the different observers 
and consistency when the same observer performed 
measurements at different time points. ICCs were cal-
culated using a two-way random effect model with abso-
lute agreement to assess inter-observer agreement and a 
two-way mixed-effects model with absolute agreement to 
assess intra-observer consistency [16, 17]. The ICC val-
ues were interpreted as follows: ICCs below 0.5 indicate 
poor agreement, values falling between 0.5 and 0.75 sug-
gest moderate agreement, values in the range of 0.75 to 
0.9 indicate good agreement, and values exceeding 0.90 
signify excellent agreement between measurements [16]. 
One-way ANOVA was performed to evaluate differences 
in the measurements and the calculated effective diam-
eter between observers, with p < 0.05 considered statis-
tically significant. Statistical analyses were performed 
using Pingouin (version 0.5.3) statistical package, and 
plots were generated using the Seaborn (version 0.12.2) 
and Matplotlib (version 3.7.1) Python packages [18–20].
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Results
Table 1 shows the mean AP and lateral thickness as well 
as the effective diameter per CT image. The measure-
ments are highly consistent between the first and second 
sessions, with low standard deviations. Table  2 shows 
the level of agreement between the observers for each 
round of measurements. Additionally, the table shows 
the agreement in the measurements of the AP and lat-
eral thickness as well as the calculated effective diameter. 
Notably, in the initial round of measurements, excellent 
inter-observer agreement regarding the calculated effec-
tive diameter was observed, with an ICC of 0.95 (95% CI: 
0.91, 0.97). A similarly excellent level of agreement was 
evident for the AP thickness measurements (ICC = 0.96; 
95% CI: 0.94, 0.98). Conversely, the agreement pertain-
ing to lateral thickness measurements was good, with 
an ICC of 0.89 (95% CI: 0.83, 0.94). Remarkably, the 
subsequent round of measurements yielded similar lev-
els of inter-observer agreement. Figure  2 illustrates the 
levels of agreement between the observers in the two 
rounds of measurements. No significant difference was 
observed regarding the AP and lateral measurements and 

the calculated effective diameter between the observers 
(p > 0.05). Individual observers showed good to excellent 
consistency (Table 3). Again, the consistency for the cal-
culated effective diameter was excellent for all observ-
ers despite lower consistency in the lateral thickness 
measurements.

Discussion
Using SSDEs to set DRLs can provide a better repre-
sentation of the radiation dose delivered to patients as 
they account for the differences in their bodies [21, 22]. 
Because the SSDE has not been widely adopted, most CT 
machines do not provide an instant reading of the SSDE 
as they do with the other units used for setting DRLs 
(i.e., CTDIvol and DLP). Hence, this study assessed the 
variations in the measurements required for calculat-
ing SSDEs by determining the inter-observer agreement 
and intra-observer consistency. This is the first study 
to report the impact of measurement variations on the 
accuracy of SSDE calculations. In general, the findings 
of the study indicate that the variations in measurements 
between observers or by a single observer have minimal 

Fig. 1 Measurement of anteroposterior (AP) and lateral thickness on a CT image [15]
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impact on the calculated effective diameter, and hence, 
little impact on SSDE calculation.

The inter-observer agreement for AP and lateral thick-
ness and the calculated effective diameter was good 
to excellent. The high obtained ICC may be attributed 
to the observers’ experience, which tends to correlate 
with high ICCs, as observed in previous studies [23, 
24]. The lowest inter-observer agreement was noticed 
for the lateral thickness (ICC = 0.88). A possible expla-
nation is variations in the measurement techniques, 
including inconsistencies in selecting the middle of 
the slice, as some observers have shown in performing 

measurements for the wider parts of the body. However, 
little impact was observed regarding the effective diame-
ter. The study’s results suggest that the variations in mea-
surements between the observers were not statistically 
significant and, therefore, are unlikely to compromise 
the accuracy of the calculated effective diameter. It is 
important to note that a direct comparison of the study’s 
findings with existing literature is not possible due to the 
absence of similar studies in the field.

Finally, the study has some limitations. First, the study 
only examined the observers’ agreement and consistency 
regarding measurements of the chest, abdomen, and pel-
vic regions. Second, the images used in the study were 
from adult patients. Calculating the SSDE from head or 
neck scans or for pediatric patients may be more chal-
lenging and cause greater variation in the measurements. 
Finally, the study did not assess the variability in SSDE 
calculation via the method proposed by the American 
Association of Physicists in Medicine (AAPM), which 
requires measurement of the AP and lateral thickness on 

Table 1 Mean AP and lateral thickness and mean effective diameter
Image number Mean AP thickness (cm) Mean lateral thickness (cm) Mean effective diameter (cm)

1st measurements 2nd measurements 1st measurements 2nd measurements 1st measurements 2nd measurements
1 24.37 (0.13) 24.38 (0.26) 37.24 (0.34) 37.32 (0.08) 30.00 (0) 30.00 (0)
2 21.76 (0.08) 21.71 (0.11) 33.02 (0.13) 33.04 (0.06) 27.00 (0) 27.00 (0)
3 25.41 (0.04) 25.39 (0.05) 34.10 (0.1) 34.03 (0.14) 29.00 (0) 29.00 (0)
4 18.87 (0.04) 18.78 (0.03) 32.49 (0.4) 32.61 (0.11) 24.75 (0.5) 25.00 (0)
5 25.25 (0.05) 25.24 (0.05) 31.02 (0.21) 31.09 (0.25) 28.00 (0) 28.00 (0)
6 20.36 (0.20) 20.32 (0.19) 28.80 (0.12) 31.24 (4.98) 24.00 (0) 25.00 (2)
7 21.50 (0.04) 21.49 (0.06) 31.98 (0.14) 31.91 (0.12) 26.00 (0) 26.00 (0)
8 22.32 (0.16) 22.31 (0.10) 29.71 (0.08) 29.84 (0.08) 26.00 (0) 26.00 (0)
9 22.77 (2.25) 21.57 (0.08) 34.04 (0.12) 33.93 (0.06) 27.75 (1.50) 27.00 (0)
10 22.93 (0.12) 22.97 (0.14) 32.28 (0.19) 32.55 (0.20) 27.00 (0) 27.00(0)
11 25.65 (0.20) 25.55 (0.08) 36.66 (0.13) 36.60 (0.11) 31.00 (0) 30.75 (0.50)
12 22.98 (0.05) 23.06 (0.06) 32.41 (0.26) 32.57 (0.28) 27.00 (0) 27.25 (0.50)
13 18.22 (0.12) 18.20 (0.13) 32.10 (0.18) 32.19 (0.13) 24.00 (0) 24.00 (0)
14 24.37 (3.00) 22.91 (0.07) 30.35 (0.07) 30.25 (0.04) 27.00 (2) 26.00 (0)
15 34.26 (0.17) 34.27 (0.32) 36.52 (0.22) 36.55 (0.13) 35.00 (0) 35.25 (0.50)
16 23.05 (0.09) 23.08 (0.15) 31.45 (0.18) 31.43 (0.14) 27.00 (0) 27.00 (0)
17 22.34 (0.14) 22.19 (0.10) 31.26 (0.31) 31.23 (0.45) 26.25 (0.50) 26.25 (0.50)
18 25.42 (0.11) 25.39 (0.08) 36.98 (0.75) 36.79 (0.94) 30.75 (0.50) 30.75 (0.50)
19 26.44 (0.16) 26.34 (0.12) 35.30 (0.12) 35.21 (0.12) 30.75 (0.50) 30.50 (0.58)
20 20.16 (0.01) 20.13 (0.08) 29.61 (0.40) 29.91 (0.04) 24.50 (0.58) 24.75 (0.50)
21 21.66 (0.05) 21.69 (0.19) 31.75 (4.92) 34.23 (0.08) 26.00 (2.00) 27 (0)
22 18.71 (0.04) 18.66 (0.12) 35.30 (0.13) 35.21 (0.09) 26.00 (0) 25.75 (0.50)
23 16.58 (0.19) 16.63 (0.27) 39.06 (0.08) 39.00 (0.17) 25.25 (0.50) 25.25 (0.50)
24 19.50 (0.19) 19.48 (0.12) 30.73 (0.09) 30.78 (0.15) 24.25 (0.50) 24.50 (0.58)
25 27.90 (0.31) 27.93 (0.19) 35.96 (0.18) 35.94 (0.11) 32.00 (0) 32.00 (0)
26 23.02 (0.08) 22.95 (0.06) 32.66 (0.31) 32.78 (0.47) 27.50 (0.58) 27.50 (0.58)
27 20.35 (0.11) 20.44 (0.12) 28.86 (0.07) 28.71 (0.14) 24.00 (0) 24.00 (0)
28 24.19 (0.14) 24.14 (0.13) 30.11 (0.25) 30.04 (0.20) 27.00 (0) 27.00 (0)
29 29.84 (0.14) 29.90 (0.07) 35.88 (0.20) 35.92 (0.07) 33.00 (0) 33.00 (0)
30 23.01 (0.15) 22.99 (0.08) 32.47 (0.21) 32.39 (0.19) 27.00 (0) 27.00 (0)
Mean (standard deviation); AP: Anteroposterior

Table 2 Inter-observer agreement between radiographers
Measurements 1st measurements 2nd measurements
AP measurements 0.96 (0.94, 0.98) 1.00 (1.00, 1.00)
Lateral measurements 0.89 (0.83, 0.94) 0.88 (0.81, 0.94)
Effective diameter 0.95 (0.91, 0.97) 0.97 (0.95, 0.98)
Inter-observer ICC (95% confidence interval); ICC was calculated using the two-
way random effect, single rater, absolute agreement model
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all CT images in a CT series. Instead, the study investi-
gated the variability of the measurements when per-
formed on a single slice, as previous studies have shown 
that this approach is simpler, more practical, and strongly 
correlated with the SSDE calculated from the entire CT 
image series [10, 11, 25–27].

Conclusion
This study investigated the impact of measurement varia-
tion on the accuracy of SSDE calculation. The findings 
indicate that the variations in measurements between 
observers or by a single observer have minimal impact on 
the calculated effective diameter, and hence, little impact 
on SSDE calculation. This suggests that SSDE calculation 
is robust to variations in measurement, which is impor-
tant for its clinical use because it means that the SSDE 
can be reliably calculated even if there is some variability 
in the way measurements are performed, ensuring that 
patients can receive accurate and consistent radiation 
dose estimates.
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