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PURPOSE

To develop and validate an automated computational tool for calculating a slice-specific volume
computed tomography (CT) dose index (CTDI ), a water-equivalent diameter (D ), and size-spe-
cific dose estimates (SSDEs) from CT images, addressing limitations of conventional console-dis-
played values that provide only averaged values across scan regions.

METHODS

A custom ImageJ) macro was developed based on methodologies proposed in American Associa-
tion of Physicists in Medicine reports 220 and 293. The tool employs threshold-based body contour
segmentation [-140 Hounsfield unit (HU)] to extract patient cross-sectional areas and calculates
slice-specific D, using mean CT numbers. Slice-specific CTDI , values are estimated by normalizing
scanner-displayed CTDI | to individual slice exposure values from Digital Imaging and Commu-
nications in Medicine metadata. An SSDE was computed using appropriate correction factors for
head and body examinations. Validation was performed using water phantoms, anthropomorphic
phantoms, and clinical datasets from >30 patients. Two Siemens CT scanners were evaluated: SO-
MATOM go.Top®, with console-displayed values, and SOMATOM Force®, with Radimetrics software.
Agreement was assessed using intraclass correlation coefficients (ICCs) and Bland—Altman analysis.

RESULTS

Water phantom validation demonstrated excellent accuracy, with differences of <2.3% for both
D,, and SSDEs. The macro required approximately 30 seconds per examination to complete the
analysis. Bland-Altman plots confirmed clinically acceptable mean differences. Importantly, the
slice-specific approach revealed substantial intra-scan dose variations not captured by console-re-
ported averages, particularly in the chest phantom, where SSDEs ranged from 5.77 to 23.68 mGy
despite identical average values. For the clinical dataset, ICC (3,1) values for Scanner A indicated
good to excellent agreement across both head and chest/abdomen examinations (head CT—CT-
DI,: 0.974, D, ; 0.893, SSDE: 0.965; chest/abdomen CT—CTDI, ;: 1.000, D, : 0.994, SSDE: 0.989). By
contrast, Scanner B demonstrated near-perfect agreement for head CT in CTDI, (0.996) and SSDE
(0.967) but poor agreement for D, (0.267). For chest/abdomen CT, however, Scanner B showed con-
sistently high agreement, with ICC values ranging from 0.884 to 1.000.

CONCLUSION

The developed ImageJ) macro provides accurate, transparent, and low-cost open-source solution
slice-specific CT dose estimation that correlates well with commercial systems while offering su-
perior spatial resolution. This automated method overcomes the limitations of traditional dose re-
porting by providing detailed slice-by-slice dose variations, which are often overlooked in average
summary values, allowing for more accurate and clinically meaningful dose assessments.

CLINICAL SIGNIFICANCE

This tool supports detailed dose evaluation across scan regions, helping optimize protocols and en-
hance radiation safety. Its slice-specific approach is especially useful in anatomically complex areas
and research, offering clinicians more precise dose information to guide patient care.
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ImageJ, dose calculation, patient-specific dosimetry
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omputed tomography (CT) examina-

tions contribute substantially to radi-

ation exposure in the general popu-
lation due to their relatively high radiation
doses. Radiation doses to individual organs
are associated with both deterministic ef-
fects, such as skin burns and epilation, and
stochastic risks, including cancer induction
and genetic mutations.”® Accurate quanti-
fication of the radiation dose received by a
patient undergoing a CT scan is essential for
both radiation protection and clinical opti-
mization. Traditionally, the CT radiation dose
has been reported using the volume CT dose
index (CTDI ) and the dose-length product
(DLP), both of which are derived from output
measurements in 16- and 32-cm cylindrical
polymethyl methacrylate phantoms. Howev-
er,CTDI is primarily dependent on exposure
parameters (e.g., tube current and tube volt-
age) and does not account for patient size.*®
Given that larger patients receive relatively
low radiation doses for the same CTDI_, size
correction methods have been proposed to
improve dose estimation accuracy.

To address the limitations of CTDI , the
American Association of Physicists in Med-
icine (AAPM) introduced the size-specific
dose estimate (SSDE) in Report 204. The
SSDE adjusts CTDI , based on patient size,
providing a more individualized dose esti-
mate at the center of the scanned region. The
patient’s physical dimensions, derived from
CT images, are used in SSDE calculations. In-
itially, AAPM Report 204 relied on geometric
size as a proxy for X-ray attenuation. How-
ever, since X-ray attenuation depends on
tissue density and composition, different an-

* A custom Image) macro was developed to
automatically calculate the slice-specific
volume computed tomography (CT) dose
index (CTDI ), water-equivalent diameter,

and size-specific dose estimate (SSDE) from
CT images.

* The macro exhibited excellent agreement
with both scanner console values and com-
mercial software (Radimetrics), especially
for CTDI_ and SSDE.
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* Slice-by-slice dose evaluation revealed dose
variations that are not visible in convention-
al average-based reporting.

* This method allows detailed, patient-specif-
ic dose assessment and supports protocol
optimization in clinical and research set-
tings.

* The tool is low cost, open source, and suit-
able for institutions without access to com-
mercial dose monitoring systems.

atomical regions (e.g., thorax vs. abdomen)
exhibit varying attenuation properties, even
when their geometric sizes are identical. For
instance, the thorax, being less dense than
the abdomen, results in higher radiation ex-
posure for the same CTDI_ . To further refine
SSDE calculations, AAPM Report 2208 intro-
duced the concept of the water-equivalent
diameter (D,), which represents the diame-
ter of a cylindrical water volume with equiv-
alent mean attenuation. This approach ac-
counts for tissue composition and provides a
more accurate, patient-specific dose estima-
tion; D, is derived from attenuation values in
axial images along the z-axis. More recently,
AAPM Report 293 extended the application
of SSDEs to head CT examinations by incor-
porating region-specific correction factors.’

Several studies have suggested that SS-
DEs serve as a more reliable surrogate for
organ-absorbed doses on a slice-by-slice
basis.’®"? In clinical practice, automatic tube
current modulation (ATCM) is widely imple-
mented in CT imaging, adjusting the tube
current according to the attenuation level
in the xy-plane and along the z-axis. Conse-
quently, CTDI , and SSDEs vary across slices
throughout the scanned region.”® CT man-
ufacturers have begun displaying estimat-
ed SSDE values alongside other dosimetry
quantities, but these features often incur
additional costs. Furthermore, different CT
manufacturers incorporate proprietary al-
gorithms within their software to estimate
D, and SSDEs. Variations in computational
methods across manufacturers may lead
to discrepancies in reported D, values, po-
tentially affecting SSDE calculations and
radiation dose assessments. In some manu-
facturers’ software, the SSDE (geometrical)
is displayed as an estimate of the radiation
dose a patient receives from a CT scan. This
estimate is calculated using the patient’s di-
mensions, such as the effective diameter to
derive a conversion factor from CTDI , rath-
er than using the D, as the primary metric.
Moreover, the SSDE value displayed by CT
scanners is often a single value, representing
either an average across the scanned region
or a measurement from the middle slice. This
approach limits the ability of users to assess
the SSDE for individual slices, which may
more accurately reflect localized radiation
absorption. As a result, non-commercial au-
tomated solutions have gained popularity.
Some studies have developed automated
programs to calculate SSDEs; however, many
of these lack direct comparison with estab-
lished methods, making it difficult to confirm
their validity and clinical reliability."*'® In
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this study, we developed and validated a us-
er-friendly computational tool for estimating
slice-specific D, CTDI , and SSDEs, based
on methodologies outlined in AAPM reports.
A custom Image) macro was created to
perform automated, threshold-based body
contour segmentation and extract slice-spe-
cific exposure values directly from Digital
Imaging and Communications in Medicine
(DICOM) metadata. The accuracy and clini-
cal relevance of the method were evaluated
through comparison with both commercial
CT scanner outputs and dose monitoring
software using phantom and patient data-
sets. This approach provides an accessible
and transparent solution for patient-specific
dose estimation, enabling detailed slice-by-
slice assessment and offering greater spatial
resolution than conventional scanner dis-
plays or commercial software systems.

Methods

CT imaging was performed using both
homogeneous circular phantoms and an-
thropomorphic phantoms representing the
head, thorax, and abdomen. All phantom
scans were conducted using the Siemens
SOMATOM go.Top® scanner (Siemens Health-
ineers, Erlangen, Germany).

In addition, clinical CT datasets were ret-
rospectively collected from at least 30 pa-
tients who underwent routine head, chest,
and abdomen examinations in accordance
with the hospital’s standard imaging proto-
cols. Two CT scanners were involved in data
collection. For Scanner A (Siemens SOMAT-
OM go.Top®), the CTDI , D,, and SSDE val-
ues were recorded directly from the scanner
console. For Scanner B (Siemens SOMATOM
Force®), the corresponding dose parameters
were extracted using Radimetrics, a com-
mercial dose monitoring software integrated
with the scanner.

Development of Image)J macro for

slice-specific dose calculations

A custom macro was developed using
Image) (version 1.54g, National Institutes of
Health, Bethesda, MD, USA)" to estimate the
SSDE from DICOM-format CT image stacks, in
accordance with the guidelines provided by
AAPM reports 220 and 293.

Data acquisition and preprocessing

CT image datasets were acquired from
a Siemens SOMATOM scanner (syngo CT
VA40A software) and SOMATOM force, and
DICOM files were imported into ImageJ asim-
age stacks, each representing a series of con-
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tiguous axial slices from either head or body
examinations. Prior to analysis, metadata,
including the number of slices, slice location,
and exposure (DICOM tag 0018,1152—"Ex-
posure”), were extracted using the Image)
DICOM header parser.

Body contour segmentation and area cal-
culation

To estimate patient size (D ), each slice
underwent automatic body contour seg-
mentation using a threshold-based method.
A threshold of —-140 Hounsfield unit (HU) was
applied to segment the patient’s body con-
tour, effectively distinguishing body tissues
from the surrounding air to enable consist-
ent and reproducible D, measurements. This
threshold has been successfully applied in
previous SSDE-related studies in CT exami-
nations' and was selected to balance the ex-
clusion of air while avoiding inclusion of the
scanner couch. Although lower thresholds
(=300 to -500 HU) have been employed in
other pipelines, such as the CT contour (-383
HU) for abdomen-pelvic CT,” these have
been reported to occasionally include couch
structures, potentially reducing contour
accuracy. After segmentation, the “Analyze
Particles” function in ImageJ was used to de-
tect regions of interest (ROls), with size and
circularity constraints (size: 5000-c0 pixels,
circularity: 0.2-1.0) to exclude non-patient
structures such as the scanner couch. The
cross-sectional area (A) of each ROl was then
calculated based on pixel spacing from the
DICOM metadata.

Slice-specific water-equivalent diameter
calculation

For each slice, the D, was calculated from
the segmented area and average CT number
within the RO, as follows:

AROI
= ZJ ﬁCT(x:Y)ROI + 1] Eq.1

where D_is the water-equivalent diame-
ter (cm), €T(x, y)ror 1S the average CT number
within the area of interest, and is the area of
the ROI (cm?).

Size-specific dose estimate calculation

The slice-specific SSDE was calculated as
follows:

SSDE = CTDl,o X f Eq.2

The correction factor (f) was determined
from the calculated D, value, accounting for
variations in patient size and scanner phan-
tom type. Separate exponential functions
were applied depending on whether CTDI

ol

was derived from a 16- or 32-cm calibration
phantom, with the source equations taken
from AAPM Report 293 for head examina-
tions® and AAPM Report 220 for body exam-
inations®:

FH16 = 1.9852¢(-00486Dw) Eq.3

f53% = 3.7055¢("003670w)  Eq.4

where H16 and B32 nomenclature are used
in the superscript of the conversion factor
f when 16- or 32-cm CTDI phantoms were
used for the head (H) or body (B) CTDI
measurements and D is the water-equiva-
lent diameter.

Exposuresiice

CTDlLyo1stice =( ) X CTDIval,avg Eq5

Exposuregyg

The slice-specific CTDI, (CTDI,, ) was
estimated by normalizing the scanner-dis-
played CTDI_, to the exposure value of each
slice) (CTD’VD/,avg) The exposure value (tag
0018,1152) represents the tube current-time
product in mAs, where Exposure ,  refers to
the tube current-time product for that par-
ticular slice and Exposure refers to the av-
erage tube current-time product across the
entire scan.

Finally, SSDE per slice (SSDE

) was calcu-
slice’
lated as follows:

SSDEsiice = CTDlyois1ice X feorr Eq.6

where f_ is the correction factor corre-
sponding to the slice-specific D, and scan
region (head or body).

The macro generated an output table
containing the following parameters for each
slice: slice location, exposure, segmented
area, mean pixel value, D , correction factor,
CTDI,, per slice, and SSDE per slice. All cal-
culations were performed in real time with-
in the ImageJ environment and exported to
CSV format for further statistical analysis.

Data comparison and statistical analysis

Statistical analyses were performed using
Stata version 17 (StataCorp, College Station,
TX, USA). Agreement between CTDI , D,
and SSDE values obtained from the custom
ImageJ) macro and those from the scanner
console and Radimetrics software was as-
sessed using intraclass correlation coeffi-
cients (ICCs) and Bland-Altman plots. Spe-
cifically, ICC (3,1), a two-way mixed-effects
model for absolute agreement with single
measurements, was employed. Interpre-
tation of ICC values followed established
guidelines: <0.5 = poor agreement, 0.5-0.75
= moderate agreement, 0.75-0.9 = good
agreement, and >0.9 = excellent agreement.

Research ethics standards compliance

This retrospective study was approved by
the Institutional Review Board (IRB) under
expedited review (COA No. 081/2025) on
March 18, 2025. All CT images were originally
acquired for clinical purposes and were ful-
ly anonymized before being retrospectively
analyzed, with no identifiable patient in-
formation included. As the CT images were
already taken for routine medical care and
later de-identified, the IRB waived the re-
quirement for obtaining informed consent in
accordance with ethical guidelines for retro-
spective studies.

Results

Development of the dose calculation mac-
ro

The study population is presented in Fig-
ure 1a. The workflow of the macro is illustrat-
ed in Figure 1b, showing sequential steps
from image input, DICOM metadata extrac-
tion, ROl detection, dose calculations, and
final data export.

An ImageJ macro was successfully devel-
oped to calculate slice-specific dose met-
rics from CT images. The tool automatically
segments the patient contour on each slice
using a =140 HU threshold, calculates D,
and determines slice-specific CTDI , and
CTDI,,,,.. based on DICOM exposure values
(tag 0018,1152). The SSDE is then computed
for each slice using the appropriate correc-
tion factors from AAPM reports. The macro
completes analysis in approximately 30 sec-
onds per examination, providing compre-
hensive output including the slice location,
exposure, area, D,, correction factor, CTDI
and SSDE for each slice.

vol’

Validation of the macro with phantom
studies

The accuracy of the macro-calculated D,
and SSDE values was validated against scan-
ner-displayed measurements using both uni-
form water phantoms and anthropomorphic
phantoms. The results for water phantoms of
different sizes (16 and 19 cm inner diameter)
are presented in Table 1, showing excellent
agreement with differences of less than 2.3%
for both D, and SSDE measurements.

For anthropomorphic phantoms of the
head, chest, and abdomen (Table 2), the
macro demonstrated comparable accuracy.
In the head phantom, both the middle-slice
and average values closely matched the
scanner output. The chest phantom showed
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Study Population
Phantom Experiment Patient Dataset
(Scanner A)

— CTDIL (mGy) |— CTDl (mGy)

—Dy (cm) — Dy (cm)

l— SSDE (mGy) — SSDE (mGy)
| ] I |
Water Anthropomorphic Scanner A _ Scanner B

Phantom phantoms Console-displayed values Radimetrics software

Head (n=46)

Head (n=40)

Chest (n=33) Chest (n=30)

Abdomen
(n=41)

Abdomen
(n=30)

Workflow of Slice-specific CTDI,, D, SSDE Calculation
using Imagel macro

Data Input

No. of slices :
CTDivol (mGy) :
Scan region
© Head 16
o Body32

Image Dataset Input

Body Contour Segmentation

h

Read exposure &
calculate CTDI,, per slice

= Calculate D, per slice
= Apply correction factor (AAPM 220, 293)
= Calculate SSDE per slice
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Figure 1. (a) The study population, and (b) the workflow for automated slice-specific calculation of the
volume computed tomography dose index, water-equivalent diameter, and size-specific dose estimate

using the ImageJ macro.CTDI ,
SSDE, size-specific dose estimate.

the most pronounced slice-to-slice variation
in SSDE (range: 5.77-23.68 mGy) despite the
average value (12.56 £+ 6.99 mGy) being near-
ly identical to the scanner-reported value
(12.5 m@Gy). This key variation highlights the
importance of slice-specific dose assessment
in anatomically heterogeneous regions. The
abdomen phantom showed more consistent
values across slices, with average measure-
ments within 5% of scanner-displayed values.

These validation studies confirm that the
macro provides accurate D  and SSDE calcu-
lations that align well with scanner-reported
values while offering the additional advan-
tage of slice-specific analysis that reveals
dose distribution patterns not captured by
console-displayed averages.

volume computed tomography dose index; D, , water-equivalent diameter;

Analysis of clinical patient scans

Scanner A

Agreement between the automated
slice-specific dose calculations and the scan-
ner-displayed values from Scanner A (Sie-
mens SOMATOM go.Top®) was evaluated
using Bland-Altman analysis and ICCs. The
comparison included three dose parame-
ters—CTDI , D,, and SSDE—assessed sep-
arately for head and chest/abdomen scans.

The Bland-Altman analysis shown in Ta-
ble 3 and plots shown in Figure 2 demon-
strate excellent overall agreement between
the ImageJ macro and the scanner-reported
values. For head scans, the mean differences
between the macro-derived and scanner-re-
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ported values were 2.285 mGy for CTDI ,
0.649 cm for D, and —-1.670 mGy for the
SSDE, with 95% limits of agreement indicat-
ing acceptable variability. Similarly, for chest
and abdomen scans, the mean differenc-
es were —0.001 mGy, —0.336 cm, and 0.284
mGy, respectively, within clinically accept-
able ranges.

These findings were further supported by
ICC analysis. The ICC (3,1) values for CTDI_,
D,, and the SSDE for head scans were 0.974,
0.893, and 0.965, respectively, indicating
good to excellent agreement. For chest and
abdomen scans, ICC (3,1) values were 1.000
for CTDI , 0.994 for D,, and 0.989 for the
SSDE, also reflecting excellent agreement
across methods.

Scanner B

The Bland-Altman analysis (Table 3 and
Figure 3) for head CT showed a mean differ-
ence in CTDI , of 0.067 mGy, with 95% lim-
its of agreement from -0.653 to 0.787 mGy
and an ICC (3,1) of 0.996. For the SSDE, the
mean difference was -0.123 mGy (-1.911 to
1.665 mGy), with an ICC of 0.967, confirming
near-perfect agreement between the Im-
ageJ macro and Radimetrics for head scans
on Scanner B. By contrast, D demonstrated
poor agreement, with a mean difference of
1.250 cm (0.609 to 1.890 cm) and an ICC of
0.267.This discrepancy highlights a potential
risk of misestimating patient size and dose if
console-reported D, is used alone; howev-
er, the SSDE values maintained near-perfect
agreement (ICC: 0.967), underscoring its ro-
bustness as a clinically relevant dose metric.

For chest/abdomen CT, the mean differ-
encein CTDI  was —0.014 mGy, with limits of
agreement ranging from -0.1 to 0.072 mGy
and an ICC of 1.000. The D, comparison
showed a mean difference of —0.312cm
(-2.577 to 1.954 cm), with an ICC of 0.94.
The SSDE values differed by a mean of
—0.119 mGy (—4.670 to 4.432 mGy), and the
ICC was 0.884.

A comparative analysis of D and SSDE
values between the CT console output and
the Image)J macro for the two scanners
across the head, chest, and abdomen re-
gions is shown in Figure 4. For Scanner A, the
macro slightly overestimated D, in the head
region [mean + standard deviation (SD):
158+ 1.4 vs. 152+ 1.5 cm]; this was simi-
lar for Scanner B, with higher macro values
(17.2£ 0.6 vs. 16.0 £ 0.6 cm). In the chest and
abdomen, the differences were minor, with
both scanners showing close agreement be-
tween methods.

Sookpeng et al.



Table 1. Comparison of D and SSDE values between CT scanner output and automated calculation in water phantoms

Phantom CTDI , CT scanner Automated calculations

(mGy) D, (cm) SSDE (mGy) D, (cm) SSDE (mGy)
Small water phantom* 37.5 16.5 334 16.75 33.00
Large water phantom** 375 19.5 28.9 19.95 28.24

Scan protocol, 120 kV; effective mAs, 410; field of view, 300 mm; pitch, 1.0; slice thickness, 3 mm; convolution kernel, Hr40; * D
** Dy, =19 cm and D, includes outer shell = 20 cm. CT, computed tomography; CTDI

specific dose estimate.

vol”

Eff
volume computed tomography dose index; D, water-equivalent diameter; SSDE, size-

=16 cm and D, includes outer shell = 17 cm;

Table 2. Comparison of D, and SSDE from CT scanner display and automated calculations using the developed macro in head, chest, and
abdomen phantoms

D, (cm) CTDI , (mGy) SSDE (mGy)
CTscanner Automated  Automated CTscanner  Automated  Automated CTscanner  Automated  Automated
Phantom . . . . . . . . .
display calculations  calculations display calculations  calculations display calculations  calculations
(MS) (ASA) (MS) (ASA) (MS) (ASA)
16.46 = 2.75 5541 £5.54 49.19 = 1.44
Head 162 18:47 (676-1891) >°° 60-16 (3748-6053) 92 48.73 (46.34 - 53.60)
22.29 = 2.60 7.85+4.69 12.56 + 6.99
Chest 223 22.38 (13.65 - 25.22) 7.4 4.73 (2.76 - 15.33) 12.5 7.70 (5.77 - 23.68)
27.20 = 1.55 7.15+x1.14 9.70+1.13
Abdomen 264 28.01 ey 7.22 ss-s74 101 9.60 G TG

Head protocol, 120 kV; effective mAs, 410; field of view (FOV), 250 mm; pitch, 0.55; slice thickness, 3 mm; convolution kernel, Hr40; SAFIRE strength level 3.

Chest protocol, 120 kV; effective mAs, 125; FOV, 400 mm; pitch, 0.8; slice thickness, 3 mm; convolution kernel, Hr40; SAFIRE strength level 3.

Abdomen protocol, 120 kV; effective mAs, 180; FOV, 400 mm; pitch, 0.8; slice thickness, 3 mm; convolution kernel, Hr40; SAFIRE strength level 3.

CT, computed tomography; CTDI_: volume computed tomography dose index, D, water-equivalent diameter; SSDE: size-specific dose estimate; MS, middle slice of scan length;
ASA, all slices average.
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Figure 2. Bland-Altman plots comparing the dose parameters obtained from the Image) macro and the scanner console display (Scanner A) for (a) volume
computed tomography dose index (CTDI_), (b) water-equivalent diameter (D, ), and (c) size-specific dose estimate (SSDE) in head computed tomography (CT)

examinations and (d) CTDI

vol’

(e) D,, and (f) SSDE in chest/abdomen CT examinations. LOA, limits of agreement; ICC, intraclass correlation coefficient.
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Table 3. Bland-Altman analysis and intraclass correlation coefficients (ICCs) comparing CTDI

and scanner console (Scanner A) and Radimetrics (Scanner B)

vol”

D,, and SSDEs between the ImageJ macro

Scanner CT exam Bland & Altman ICC(3,1)

Mean Lower Upper Individual ~ Lower Upper Pvalue

difference  95%LOA  95%LOA ICC 95%Cl  95%Cl
CTDI,, (mGy) 2285  +0.712  +3857 0974 0.084 0995  <0.001
ae:ie) D, (cm) +0.649  +0.171  +1.127  0.893 -0.022 0976  <0.001
A SSDE (mGy) -1.670  -4063  +0.722  0.965 0481 0991  <0.001
CTDI,, (MGy) -0.001 -0.020  +0.018  1.000 1000  1.000  <0.001
g\hfs%tf;bdme” D, (cm) -0.336 -0.870  +0.197  0.994 0906 0998  <0.001
SSDE (mGy) +0.284  -0435  +1.003  0.989 0952 0995  <0.001
CTDI,,, (MGy) +0.067  -0653  +0.787  0.996 0992 0998  <0.001
;ef‘io) D, (cm) #1250  +0.609  +1.890  0.267 -0.030 0658  <0.001
5 SSDE (mGy) -0123  -1.911  +1.665  0.967 0933 0984  <0.001
CTDI,, (mGy) -0.014  -0.100  +0.072  1.000 1000  1.000  <0.001
(C;hfsgg“)b“me” D, (cm) 0312 -2577  +1954 0940 0899 0964  <0.001
SSDE (mGy) -0.119 -4670  +4.432  0.884 0812 0929  <0.001

CT, computed tomography; CTDI , volume computed tomography dose index; D, water-equivalent diameter; SSDE, size-specific dose estimate; LOA, limits of agreement; Cl,

Confidence interval.

Macro-derived SSDE values closely
matched those from the console. In head CT
scans, Scanner A showed a mean SSDE val-
ue of 39.8 +7.5 (macro) and 41.4 + 8.0 mGy
(console), whereas Scanner B yielded
38.3 3.6 (macro) and 38.5 + 3.5 mGy (con-
sole). For the chest and abdomen, differences
were minor for Scanner A; however, for Scan-
ner B, slightly greater differences were ob-
served: mean chest SSDEs of 13.5 + 4.0 (mac-
ro) and 12.0 + 3.3 mGy (console), and mean
abdomen SSDEs of 16.7 + 4.3 (macro) and
18.3 £ 4.6 mGy (console).

Larger variations were observed in the
chest and abdomen for Scanner B than
for Scanner A, with Bland-Altman analy-
sis showing 95% limits of agreement from
-4.670 to +4.432 mGy (Figure 3f) compared
with -0.435 to +1.003 mGy for Scanner A
(Figure 2f). Nevertheless, mean SSDE differ-
ences between the macro and console for
Scanner B were minimal, with relative devi-
ations of 0.52% for head CT and 0.66% for
chest/abdomen CT, both well below the +
10% threshold generally considered accept-
able for clinical dose estimation.

Discussion

It is important to emphasize that CTDI ,
DLP, and the SSDE are not intended to rep-
resent actual absorbed doses in individual
patients; rather, these dose indicators are
designed for quality assurance (QA), dose
tracking, and protocol optimization, as rec-
ommended by the AAPM.

However, conventional metrics such as

CTDI , and DLP reflect only averaged val-

ues across the entire scan range, poten-
tially masking substantial intra-scan dose
variations. To address this limitation, we
developed and validated an ImageJ macro
capable of slice-specific dose estimation. By
generating spatially resolved CTDI , D, and
SSDE values, the macro enhances the granu-
larity of dose reporting and enables identifi-
cation of within-scan dose fluctuations that
may be clinically relevant.

Although DLP provides a cumula-
tive measure of radiation output over the
scanned region, it lacks spatial resolution.
By contrast, the slice-specific CTDI  values
derived using our tool offer a detailed map
of dose distribution along the z-axis. This ca-
pability allows for the identification of peak
dose regions—commonly occurring at ana-
tomical transitions such as the shoulders or
skull base—and provides valuable data for
tailoring protocols or conducting organ-level
dosimetric studies.

Comparison between the developed macro
and siemens console display

The Image) macro developed in this
study provides patient-specific, slice-by-
slice analysis of CT dose parameters, offering
higher granularity than the Siemens con-
sole display. Although the console reports
effective mAs, CTDI , and SSDEs as modu-
lation-weighted averages or values from a
representative slice, these measurements do
not capture anatomical variations through-
out the scan range. By contrast, the macro
calculates CTDI , and SSDE per slice using
exposure data extracted from DICOM meta-
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data (tag 0018,1152) and cross-sectional
area measurements (D ) obtained through
threshold-based segmentation.

This difference was particularly evident in
head CT examinations, where substantial an-
atomical variation exists between the vertex
and skull base. The slice-by-slice approach
provided more detailed SSDEs, revealing
dose variations that are not apparent in the
averaged values shown on the scanner con-
sole. Notably, discrepancies of 15%-35%
were observed at anatomical transition
zones, such as the thoracoabdominal junc-
tion, where rapid changes in cross-sectional
area occur.

Another key difference involves the han-
dling of tube current modulation. The Sie-
mens console provides only averaged ef-
fective mAs for the entire scan, whereas the
macro captures actual slice-specific expo-
sure values, reflecting real-time adjustments
in tube current. This capability allows for
more precise dose estimation, particularly
for modern protocols that employ aggressive
modulation techniques.

The macro also offers temporal resolution
advantages by generating comprehensive
dose profiles across the scan range, enabling
identification of dose peaks and facilitat-
ing protocol optimization. Although con-
sole-displayed metrics remain useful for rap-
id dose feedback and protocol adjustments
in clinical workflows, they typically provide
only a single averaged value. By contrast,
the macro yields high-resolution, slice-spe-
cific dose estimates that reveal otherwise
obscured intra-scan dose variations not cap-
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Figure 3. Bland-Altman plots comparing the dose parameters obtained from the Image) macro and

Radimetrics (Scanner B) for (a) volume computed tomography dose index (CTDI

), (b) water-equivalent

vol

diameter (D,), and (c) size-specific dose estimate (SSDE) in head computed tomography (CT) examinations

and (d) CTDI ,
intraclass correlation coefficient.

tured by conventional summary metrics, a
feature particularly valuable in anatomically
heterogeneous regions such as the thorax
and pelvis.

Comparison between the developed im-
agej macro and commercial dose monitor-
ing software (Radimetrics)

Considerable methodological and func-
tional differences were observed between
the developed Image) macro and the com-
mercial dose monitoring software Radimet-
rics™ (Bayer Healthcare). Although both sys-
tems extract dose-relevant information from
DICOM headers and estimate patient-specif-
ic dose metrics, the processes, assumptions,
and applications differ substantially.

(e) D,, and (f) SSDE in chest/abdomen CT examinations. LOA, limits of agreement; ICC,

The observed differences in D, agree-
ment between anatomical regions can be at-
tributed to distinct threshold segmentation
approaches. Our ImageJ macro uses a fixed
threshold of —140 HU; by contrast, although
the exact threshold values used by commer-
cial dose management systems such as Radi-
metrics are not publicly disclosed, several
studies and indirect validations suggest that
these systems commonly apply a body con-
tour segmentation threshold in the range of
approximately —300 to —500 HU. This thresh-
old range is designed to avoid including ex-
cessive air (below —500 HU) while preventing
the exclusion of soft tissue (above —300 HU).

The anatomical differences substantially
influence the impact of threshold selection

on D calculation. In head CT, the relative-
ly uniform soft tissue density and distinct
bone-air interfaces make D, particularly
sensitive to segmentation. For example, a
threshold of =140 HU (as used in our macro)
may inadvertently exclude bone edges or
include small air pockets, leading to substan-
tial changes in mean CT numbers within the
ROI and consequently affecting D calcula-
tions, in accordance with AAPM 220 method-
ology. Similarly, lower thresholds within the
range applied by commercial systems (-300
to -500 HU, e.g., —400 HU) have also been re-
ported to occasionally include couch struc-
tures. These threshold-related factors explain
the poor agreement (ICC = 0.267) observed
for head D, measurements.

Conversely, in chest and abdomen CT, the
more heterogeneous tissue composition and
larger soft tissue volumes make the calcula-
tions less sensitive to threshold variations.
The predominance of soft tissue in these
regions provides more stable mean CT num-
bers, resulting in improved D, agreement
(ICC = 0.940) despite different threshold ap-
proaches.

Quantitative comparison between the
two systems using Bland-Altman plots and
ICC analysis reflects these methodological
differences. For head CT examinations, al-
though CTDI and SSDEs showed near-per-
fect agreement with ICC values of 0.996 and
0.967, respectively, D, demonstrated poor
agreement (IC: 0.267), with a mean differ-
ence of 1.25 ¢cm. This substantial discrepan-
cy likely stems from the different threshold
segmentation approaches affecting the CT
number-based calculations more substan-
tially in the relatively homogeneous head
anatomy. Nevertheless, SSDEs remained
robust despite this variability in D , as the
exponential correction factor f(D,) changes
only gradually in the head diameter range,
limiting the propagation of D errors into
SSDEs. Together with the near-perfect agree-
ment in CTDI , this explains the consistently
high SSDE agreement observed for head CT
examinations.

For chest/abdomen scans, the agreement
was more consistent across all parameters:
CTDI,, showed excellent agreement, with an
ICC of 1.00 and mean difference of —0.014
mGy; D comparison yielded good agree-
ment (ICC: 0.940), with a mean difference
of —0.312 cm; and SSDEs showed excellent
agreement (ICC: 0.884), with a mean differ-
ence of —0.119 mGy. This suggests that the
heterogeneous tissue composition in these
regions provides more robust results despite
methodological differences.
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Figure 4. Box plot comparison of (a) the water-equivalent diameter and (b) size-specific dose estimate
obtained from the Image) macro, computed tomography scanner console, and Radimetrics across
anatomical regions and scanners. Boxes represent the interquartile range, center lines indicate the median,
whiskers extend to the data range, and crosses (x) represent the mean values. CT, computed tomography;
D,, water-equivalent diameter; SSDE, size-specific dose estimate.

The macro’s threshold-based segmen-
tation was validated using phantoms and
yielded results within 5% of physical dimen-
sions while requiring fewer computation-
al resources. However, challenges such as
low-contrast boundaries (e.g., at air-bone
interfaces) can reduce accuracy in specif-
ic regions such as the head. These findings
highlight the importance of understand-
ing the underlying algorithmic differences
when comparing dose monitoring systems.
The threshold-dependent nature of D cal-
culations, particularly in anatomically uni-
form regions such as the head, suggests that
standardization of segmentation approaches
may be necessary for consistent inter-system
comparisons.

From a practical standpoint, Radimetrics
excels in enterprise-wide integration. It auto-
matically processes all CT examinations with-
out user interaction and provides compliance
dashboards and centralized QA tools. By con-
trast, the Image) macro requires manual exe-
cution, input selection, and parameter adjust-
ment. Although this limits automation, it offers
unmatched flexibility for protocol-specific
analysis, research customization, and pediatric
dose assessment. In terms of cost, the macro
presents a clear advantage. Commercial sys-
tems such as Radimetrics require considerable
investment in licensing, infrastructure, and
ongoing support. The macro, built entirely on
open-source tools, is a cost-effective alterna-
tive for institutions with research goals, limit-
ed budgets, or custom analysis needs.
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Practical considerations for clinical imple-
mentation

Significant differences in D and SSDEs
were observed in chest and abdomen scans,
likely due to variations in field-of-view (FOV)
settings. In some cases, the FOV may not ful-
ly cover the patient’s body cross section, par-
ticularly at the lateral margins, leading to un-
derestimation of body size in image-based
calculations. This effect may be more pro-
nounced in larger or misaligned patients.

Despite being statistically significant,
these differences are generally within +
10% and may have limited clinical impact,
as key organs typically remain within the
scan range. To reduce such discrepancies,
consistent patient positioning and standard-
ized FOV protocols are essential. Regular QA
processes should validate dose calculation
accuracy across various scanning conditions.
Further studies in broader patient groups,
including pediatric and atypical body types,
are recommended to ensure the robustness
of SSDEs.

Clinical implication of slice-specific dose
estimates for protocol optimization

The granularity provided by slice-specific
SSDEs offers critical insight into dose hetero-
geneity along the scan length. For instance,
anatomical regions such as the shoulders or
skull base often exhibit elevated SSDE values
due to increased patient attenuation, which
can trigger ATCM to deliver higher output.
Conversely, areas such as the lungs or ex-
tremities may receive lower doses. Identify-
ing these “higher” or “lower” dose sections
allows radiology teams to fine-tune scan
protocols accordingly.

For high-dose regions, protocol adjust-
ments may involve reducing the maximum
tube current limit, modifying ATCM curves,
adjusting the noise index, or narrowing z-ax-
is coverage if clinically acceptable. By con-
trast, persistently low-dose areas—especially
those critical to diagnosis—may benefit from
increased minimum mA thresholds, longer
rotation times, or customized reconstruction
parameters to preserve image quality. Such
region-specific refinement, when guided by
slice-level SSDE data and supported by insti-
tutional or national diagnostic reference lev-
els, enables a more personalized approach to
CT protocol design. Ultimately, this facilitates
a balance between diagnostic performance
and radiation safety.
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This study has several limitations. The use
of a fixed threshold (-140 HU) may not be op-
timal for all anatomical regions, particularly
in low-contrast boundaries such as air-bone
interfaces in head CT, where D accuracy may
be affected. Future work could explore adap-
tive or data-driven thresholding approach-
es to improve segmentation performance
across diverse anatomies, thereby enhanc-
ing the robustness and clinical applicability
of the tool. Validation was limited to Siemens
scanners and Radimetrics software; testing
with other vendors (e.g., GE, Philips, Canon)
is needed to assess broader applicability. The
clinical dataset included only 30 patients, re-
stricting variability in body size, pathology,
and scan protocols. Inter-observer variability
in manual parameter settings was not evalu-
ated, which may affect reproducibility. Addi-
tionally, the macro currently lacks automated
quality checks and standardized reporting,
limiting its readiness for routine clinical inte-
gration. Moreover, we did not compare scan-
ner-reported DLP values with the cumulative
CTDI,, from the macro, as the precise irra-
diation length used by the scanner was not
available in the DICOM metadata. Since DLP
calculation depends on irradiation length,
which may differ from the reconstructed
scan length due to overscanning or collima-
tion, direct comparisons would be inaccurate
or misleading. Therefore, instead of focusing
on DLP comparison, our study emphasizes
the added value of slice-specific CTDI_, anal-
ysis, which reveals spatial variations in dose
that global metrics such as DLP or average
CTDI , cannot capture. Future development
should address automation, segmentation
robustness, cross-vendor compatibility, and
streamlined clinical implementation.

In conclusion, the developed Image)
macro enables automated, slice-specific
calculation of CTDI , D, and SSDEs with
high agreement with scanner and commer-
cial software outputs. Its ability to reveal
intra-scan dose variations offers improved
slice-by-slice information for dose assess-
ment and supports protocol optimization in
clinical and research settings.
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