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AIM: Early diagnosis of scapholunate ligament (SLL) injuries is crucial to prevent progression
to debilitating osteoarthritis. Four-Dimensional Computed Tomography (4DCT) is a promising
dynamic imaging modality for assessing such injuries. Capitalizing on the known correlation
between SLL injuries and an increased scapholunate distance (SLD), this study aims to develop
a fully automatic approach to evaluate the SLD continuously during wrist motion and to apply
it to a dataset of healthy wrists to establish reference values.
MATERIALS AND METHODS: 50 healthy wrists were analysed in this study. All subjects

performed radioulnar deviation (RUD), flexion-extension (FE), and clenching fist (CF) move-
ments during 4DCT acquisition. A novel, automatic method was developed to continuously
compute the SLD at five distinct locations within the scapholunate joint, encompassing a
centre, volar, dorsal, proximal, and distal measurement.
RESULTS: The developed algorithm successfully processed datasets from all subjects. Our

results showed that the SLD remained below 2 mm and exhibited minimal changes (median
ranges between 0.3 mm and 0.65 mm) during RUD and CF at all measured locations. During FE,
the volar and dorsal SLD changed significantly, with median ranges of 0.90 and 1.27 mm,
respectively.
CONCLUSION: This study establishes a unique database of normal SLD values in healthy

wrists during wrist motion. Our results indicate that, aside from RUD and CF, FE may also be
important in assessing wrist kinematics. Given the labour-intensive and time-consuming na-
ture of manual analysis of 4DCT images, the introduction of this automated algorithm en-
hances the clinical utility of 4DCT in diagnosing dynamic wrist injuries.
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Introduction

The scapholunate ligament (SLL) is a critical stabilising
ligament in thewrist that is frequently injured.1 This injury
first causes pre-dynamic instability, followed by dynamic
and finally static instability of the wrist joint. If left un-
treated, this may perturb wrist kinematics, leading to
dorsal intercalated segment instability (DISI) and, ulti-
mately, scapholunate advanced collapse (SLAC) osteoar-
thritis.2 Early diagnosis and treatment are essential to
prevent this progression. However, early diagnosis is
difficult and often delayed due to limitations in conven-
tional imaging modalities, which cannot detect (pre-)dy-
namic instability of the wrist joint.1 Arthroscopy is
considered the gold standard for diagnosis as it allows for
ligament integrity assessment, but this technique is inva-
sive, costly, and carries the risk of complications. More-
over, arthroscopy only provides a static view, which may
not fully reflect the true nature of the injury.1,3,4 A prom-
ising alternative is Four-Dimensional Computed Tomog-
raphy (4DCT), which produces high-quality CT images of
the moving wrist.5

An important parameter for diagnosing SLL injuries is the
scapholunate distance (SLD), which increases in cases of SLL
injury.1 Although several 4DCT studies have investigated
the SLD, its clinical value remains undetermined for several
reasons. Firstly, SLD values of healthy wrists measured
during wrist motion using 4DCT are still lacking.5 Moreover,
current approaches to SLD measurements on 4DCT scans
involve manual or semi-automated methods, making it a
time-consuming process, especially given the size of 4DCT
datasets. These existing approaches employ 2D multiplanar
reconstructions for SLD calculations, thereby underutilising
the available 3D information.6e9 Lastly, manualmethods are
susceptible to intra- and inter-rater variability, impeding
reproducibility.7,10,11 In summary, existing SLD measure-
ment methods are cumbersome, emphasising the demand
for a robust and reliable automated approach for SLD
measurements on 4DCT scans to enhance efficiency, accu-
racy, and precision.

Traditionally, the SLD is measured in the middle of the SL
joint following radiographic guidelines, where an SLD
exceeding 2e3 mm may indicate SLL injury.2,12,13 Suzuki
et al. proposed that measuring the SLD at the distal SL joint
could be more effective in diagnosing SLL lesions in wrists
with distal radius fractures, suggesting that alternative lo-
cations within the SL joint may yield insights into SLL
injury.10

With advances in technology and software development,
full automation of SLD measurements using 4DCT scans is
now feasible, ensuring expeditious and reproducible out-
comes. This study aims to develop an algorithm that auto-
matically measures the SLD at five distinct locations within
utomatic analysis of the scap
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the SL joint and subsequently apply it to a dataset of healthy
wrists to establish normal values of the SLD during wrist
movement. The automation of this method holds potential
to significantly enhance the reproducibility of SLD mea-
surements and the clinical applicability of 4DCT for diag-
nosing SLL injuries.
Materials and methods

Data collection

Subjects
This study was approved by the institutional ethics

committee prior to its initiation. 4DCT scans of healthy
wrists were obtained from adult subjects (>18 years old).
These included volunteers with healthy wrists as well as the
contralateral, healthy wrist of patients who received a 4DCT
scan. Wrists were excluded if subjects had a history of wrist
trauma, pain, or surgery, a limited range of wrist motion as
assessed prior to 4DCT imaging, wrist arthritis as seen on
planar radiography (if available) or CT scan, or if they were
pregnant. All subjects provided written informed consent
prior to inclusion. This led to inclusion of 50 healthy wrists
from 30 volunteers and 20 patients (26males) aged 18 to 57,
of which 35 right and 15 left wrists were scanned.

4DCT scanning protocol
4DCT imaging was conducted using a clinical 320-

channel wide-area CT system (Aquilion ONE Prism, Canon
Medical Systems, Otawara, Japan). A high-resolution static
axial CT scan (average voxel size: 0.49 mm � 0.49
mm � 0.37 mm) of the forearm and wrist was acquired in
prone position at 80 kV and with a varying mA (dose
modulation). Subsequently, both forearms were placed in a
supporting frame to minimise lower-arm motion during
dynamic imaging and to get standardised wrist motions.
Three dynamic series were performed during imaging:
radial to ulnar deviation (RUD), flexion to extension (FE),
and from a neutral wrist position to clenched fist (CF). All
movements were practiced prior to imaging. To minimise
radiation exposure, the field of view was reduced, ensuring
that the distal radioulnar joint and all carpal bones were
included in the imaging volume. Images were acquired at
maximum rotational speed, at 80 kV and 40 mA, through
continuous scanning, and reconstructed at a sampling rate
of 10 frames per second, resulting in 140e190 dynamic CT
volumes per subject. The average voxel size of the dynamic
scans was 0.62 mm � 0.62 mm � 0.50 mm. The estimated
CT dose index was approximately 7 mGy, the dose length
product was about 100 mGy.cm and the total effective dose
of the protocol remained below 0.1 mSv. The dynamic scans
were reconstructed using a body sharp kernel.
holunate distance using 4DCT imaging: normal values in the healthy
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Data analysis

Segmentation and registration
A previously developed convolutional neural network

was used to automatically segment and label the radius, ulna
and carpal bones in each 4DCT scan.14 Segmented bones
were converted into surface meshes and smoothed to
enhance mesh quality using commercial software (MATLAB
R2022b, The MathWorks Inc., Natick, MA, USA). Bones from
the static scan, which have the highest spatial resolution,
were registered onto corresponding bones in each dynamic
scan using Coherent Point Drift registration.15 This allowed
measurements to be performed on bonemeshes of the static
scan that were transformed to their dynamic positions.

Automatic scapholunate distance measurements
To determine the locations for SLD measurements

automatically, lunate vertices belonging to the SL joint were
selected in a neutral wrist position. A method described by
van de Giessen et al. and Foumani et al. was adjusted and
applied for this purpose.16,17 First, an initial area of interest
was established by including all lunate vertices within 5
mm from the scaphoid. For each of these vertices, the
normal vector and the one of the closest vertex on the
scaphoid were calculated. If the angle between these two
vectors was between 120⁰ e 240⁰ (i.e., 180⁰ � 60⁰), the
vertex was considered as part of the final lunate joint sur-
face (Fig 1).

Five vertices on the lunate joint surface were selected for
SLD measurements, representing three anatomical loca-
tions of the C-shaped SLL insertion (volar, dorsal, and
proximal) in addition to a distal and a centre vertex. To
determine these locations automatically, the smallest
bounding box that encompasses all vertices in the lunate
joint surface was created. The plane of this box closest to the
scaphoid was selected and the midpoints of its four edges
were computed. Subsequently, the midpoints between
these four points and the centre point were determined
resulting in four points within the plane. The fifth point was
the centre point of the plane. For each of these five points,
the closest vertex on the lunate joint surface was selected.
Figure 1 3D model of a lunate bone with its calculated SL joint sur-
face vertices visualised in grey.

Please cite this article as: Teule EHS et al., Automatic analysis of the scap
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These vertices were named volar, dorsal, distal, proximal,
and centre, based on their relative position within the SL
joint (Fig 2). Subsequently, the shortest Euclidean distance
from each of these five vertices to the scaphoid was calcu-
lated in each dynamic scan. To facilitate visualisation, dis-
tance maps were generated for the SL articular surfaces.
Initially, proximity values between the scaphoid and lunate
were defined as the minimum distance from all vertices of
the lunate mesh to the scaphoid mesh. Subsequently, these
proximity values were represented as a colour map overlaid
onto the articulating surfaces of the scaphoid and lunate
bones.18

Wrist position was defined as the angle between the
radius and capitate in the sagittal plane (during FE) and
coronal plane (during RUD). This angle was assumed to
provide an accurate representation of wrist motion, as the
capitate moves similar to the second and third metacarpals,
which define the plane of motion of the hand.19 4DCT im-
ages were acquired at equal time intervals while the sub-
jects moved their wrist freely, resulting in dynamic scans at
various wrist angles across subjects. To correct for this, the
data were linearly interpolated according to the wrist po-
sition and SLD measurements were calculated for every
degree of FE and every half degree of RUD.

Comparison to manual measurements
To validate the automatic SLD measurements, a subset of

ten randomly chosen 4DCT scans were selected for manual
analysis. The SLD to be manually measured was defined as
the distance between the ulnar side of the scaphoid and the
radial side of the lunate in the centre of the SL joint in the
coronal plane, corresponding with the method currently
used in clinical practice to assess the SLD.12 Manual SLD
measurements were performed by one reader in every
tenth dynamic scan (such that all three wrist movements
were incorporated), resulting in 15 SLD measurements per
4DCT scan, totalling 150 manual SLD measurements. These
measurements were compared to the corresponding auto-
matic measurements at the centre location.

Statistical analysis
Wrist positions (in degrees) during FE and RUD had to be

achieved by at least 60% of all subjects to be included in the
analysis, to ensure that analysis was not based on fewer
than 30 wrists at extreme wrist positions. The median,
maximum, and range values of every parameter were
calculated for the three wrist movements (RUD, FE, and CF).
Descriptive statistics were used to describe the studied
population and outcome parameters. Results are presented
as median and interquartile range as the data were not
normally distributed. The difference between manual and
automatic measurements was expressed as the bias and a
Bland-Altman plot was created to visualize this relation.
Results

From the 50 4DCT datasets acquired, 49 wrists could be
used for RUD and FE analysis, and 46 wrists for CF analysis,
holunate distance using 4DCT imaging: normal values in the healthy



Figure 2 3D model of a lunate bone and its joint surface vertices in grey. (a) 3D bounding box that encompasses all joint surface vertices. (b)
Plane closest to scaphoid (thick blue lines), the plane edge midpoints (red), and midpoints between the red points and the plane centre point
(blue). The green points are the closest vertices on the lunate bone model for each of the five blue points. (c) Locations of the five vertices used
for SLD measurements on the lunate bone model. From these five vertices, the shortest distance to the scaphoid is calculated in every dynamic
position.
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due to 4DCT image acquisition error (n¼1), and incorrect
wrist movements from subjects (n¼4). No wrists had to be
excluded based on secondary findings or wrist pathology.
The average range of motion, measured as the radiocapitate
angle, was 31.1⁰ � 7.8⁰ of ulnar deviation to 16.9⁰ � 6.8⁰ of
radial deviation and 81.0⁰ � 10.2⁰ of extension to 36.8⁰ �
20.8⁰ of flexion. During CF, the wrist remained in a neutral
wrist position. Two videos visualising the distance maps of
the scaphoid and lunate in one wrist during RUD and FE can
be found in the supplementary videos (S-1 and S-2,
respectively).

The bias between the manual and automatic SLD mea-
surements was 0.53 mm (SD 0.50 mm), which means that,
on average, the automatic measurement was 0.53 mm
smaller than themanualmeasurement. The lower andupper
limits of agreement corresponded to -0.48mmand1.54mm,
Figure 3 Bland-Altman plot showing the relation between automatic a
measurement pair (average of automatic and manual measurements). Th
1.96*SD.

Please cite this article as: Teule EHS et al., Automatic analysis of the scap
wrist, Clinical Radiology, https://doi.org/10.1016/j.crad.2024.05.004
respectively. Fig 3 shows the Bland-Altman plot of this
relation.

The average SLD results of all subjects are presented in
Table 1. Furthermore, Figs 4 and 5 show the median and
25th-75th percentile of the SLDs during RUD and FE,
respectively. These figures show that all SLD measurements
remained below 2 mm and all healthy wrists exhibited
minimal changes in SLD during wrist motion, as can be seen
from the small range values in Table 1. On average, the
largest SLD value was observed at the distal (RUD and FE)
and dorsal (CF) location, whereas the smallest value was
observed at the centre location during all wrist movements.
The largest maximum SLD was also observed at the distal
and dorsal location and the largest range during RUD was
found at the volar location and during FE and CF at the
dorsal location.
nd manual SLD measurements. Each black rhombus represents one
e upper and lower limits of agreement are calculated as the bias �

holunate distance using 4DCT imaging: normal values in the healthy



Table 1
Average,maximum, and range (maximumeminimum) scapholunate distance results for all three types of wrist motion. All results are presented asmedian and
25th and 75th percentiles of the corresponding SLD metric.

Wrist motion SLD metric Centre (mm) Volar (mm) Dorsal (mm) Distal (mm) Proximal (mm)

RUD Average 0.84 [0.60e1.05] 1.19 [0.97e1.53] 1.17 [0.95e1.45] 1.38 [1.17e1.71] 0.95 [0.76e1.21]
Max 1.05 [0.84e1.26] 1.49 [1.27e1.85] 1.45 [1.19e1.77] 1.65 [1.48e1.95] 1.20 [1.09e1.48]
Range 0.40 [0.29e0.61] 0.65 [0.51e0.82] 0.56 [0.41e0.81] 0.56 [0.45e0.77] 0.58 [0.43e0.73]

FE Average 0.87 [0.64e1.12] 1.23 [0.92e1.61] 1.17 [0.88e1.54] 1.44 [1.18e1.73] 1.06 [0.85e1.39]
Max 1.22 [0.96e1.47] 1.74 [1.44e1.89] 2.05 [1.81e2.42] 1.95 [1.61e2.17] 1.54 [1.24e1.94]
Range 0.59 [0.40e0.75] 0.90 [0.73e1.08] 1.27 [1.00e1.52] 0.70 [0.58e0.90] 0.75 [0.58e1.04]

CF Average 0.81 [0.56e1.07] 1.12 [0.86e1.49] 1.35 [1.00e1.76] 1.31 [1.06e1.53] 1.03 [0.83e1.26]
Max 0.99 [0.72e1.21] 1.44 [1.17e1.75] 1.56 [1.28e1.96] 1.50 [1.23e1.70] 1.25 [1.01e1.50]
Range 0.30 [0.21e0.45] 0.45 [0.30e0.70] 0.51 [0.24e0.74] 0.31 [0.19e0.49] 0.37 [0.22e0.57]

Figure 4 SLD measurements (mm) at the five locations evaluated during wrist radial-to-ulnar deviation. The coronal radiocapitate angle was
used to define the wrist position. Measurements are shown between -29.5⁰ to þ 15⁰, as these wrist positions were achieved by at least 60% of all
subjects.
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Figure 5 SLD measurements (mm) at the five locations evaluated during wrist extension to flexion. The sagittal radiocapitate angle was used to
define the wrist position. Measurements are shown between -80⁰ to þ 31⁰, since these wrist positions were achieved by at least 60% of all
subjects.
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Throughout the RUD movement, the centre location
resulted in the smallest SLD and showed the smallest range
in SLD values. The distal SLD was larger than the proximal
SLD and the distal SLD slightly decreased, whereas the
proximal SLD slightly enlarged with increasing radial de-
viation (Fig 4). The volar and dorsal SLD measurements
were similar throughout the RUDmovement. During FE, the
volar SLD increased with increasing wrist flexion, while the
dorsal SLD increasedwith increasing wrist extension (Fig 5).
The centre measurement showed the smallest SLD and the
smallest range during FE, followed by the proximal and
distal SLD measurements, respectively. During CF, all SLD
locations showed similar measurements and small ranges,
with the centre measurement exhibiting the smallest SLD
(Table 1).
Please cite this article as: Teule EHS et al., Automatic analysis of the scap
wrist, Clinical Radiology, https://doi.org/10.1016/j.crad.2024.05.004
Discussion

4DCT is a promising imaging technique for assessing
wrist joint kinematics, particularly in diagnosing SLL in-
juries. Previous studies highlighted its potential in
discriminating injured wrists from non-injured ones by
calculating the SLD.7e9 However, limited research on
healthy wrist kinematics impedes establishing normal SLD
ranges crucial for validating 4DCT as a diagnostic tool.5

Addressing this gap, our study analyses the largest group
of healthy wrists studied with 4DCT to date, offering high
spatial and temporal resolution. Additionally, our study
addresses managing large 4DCT datasets by pioneering a
fully automatic method to analyse SLD metrics.
holunate distance using 4DCT imaging: normal values in the healthy
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The current study included the SLD analysis of 50 healthy
wrists, forming a unique database of normal SLD values on
five distinct locations within the SL joint. Although all lo-
cations are in close proximity to each other, substantial
differences in SLD measurements were found, suggesting
that it is crucial to select a specific measurement location to
ensure that measurements are accurate, robust, and com-
parable between wrists. The centre location showed the
lowest variation in SLD measurements, consistent with the
study of Schimmerl-Metz et al., who found that SLD centre
measurements showed the least variance on MRI.20

Furthermore, the results of our study show that all SLD
measurements remain below 2 mm and change minimally
during healthy wrist motion, with median ranges between
0.3-1.3 mm (Table 1). This is in agreement with previous
literature, suggesting that an SLD larger than 2e3 mm is
indicative of SLL injury.2,12,13

The automatic measurements at the centre locationwere
on average 0.53 mm (SD 0.50 mm) smaller than the manual
measurements. This disparity may be due to the automated
algorithm be more consistent in identifying the smallest
SLD in each case, unlike subjective manual measurements.
Furthermore, the automatic algorithm consistently mea-
sures the SLD at the centre of the SL joint, while manual
measurements rely on subjective eyeballing to determine
the correct location. Additionally, automatic SLD measure-
ments do not consider bone cortex since they are conducted
on the exteriors of the bone meshes. In contrast, manual
measurements may inadvertently incorporate bone cortex,
potentially leading to a substantial increase in SLD. This
divergence emphasises that the proposed automatic
method introduces a different metric compared to con-
ventional SLD measuring techniques. This difference is also
evident when comparing our results to findings of previous
studies. Kelly et al. conducted SLD measurements during
RUD and CF, reporting average measurements of 1.19 mm
(SD 0.84 mm), 1.01 mm (SD 0.38 mm), and 0.95 mm (SD
0.69 mm) for centre, dorsal, and volar measurements,
respectively.21 Notably, these values are slightly higher than
the average SLD values found in our study, potentially
attributed to Kelly et al. performing manual SLD measure-
ments. Demehri et al. manually measured the smallest
possible SLD, reporting averages of 0.67 mm (SD 0.16 mm)
during radial deviation, 0.68mm (SD 0.30mm) during ulnar
deviation, 0.76 mm (SD 0.33 mm) during flexion, 0.76 mm
(SD 0.35 mm) during extension, and 0.92 mm (SD 0.54 mm)
during CF, closely aligning with our findings.6 It should also
be noted that the average voxel size in 4DCT images was
0.62 mm, so the bias between the manual and automated
measurements is less than one voxel in magnitude.

Based on our results, the observed SLD ranges during
RUD and CF are small (Table 1), implying that the scaphoid
and lunate joint surfaces maintain the same distance from
one another during wrist motion. This was also reported by
Robinson et al., who found no significant changes in the SL
joint surface during RUD, indicating that the scaphoid and
lunate move synchronously in healthy wrists.22 Remark-
ably, a significant increase in the volar SLD and decrease in
the dorsal SLD were observed when moving the wrist from
Please cite this article as: Teule EHS et al., Automatic analysis of the scap
wrist, Clinical Radiology, https://doi.org/10.1016/j.crad.2024.05.004
extension to flexion (Fig 5). This suggests a slight divergence
of volar surfaces during wrist flexion and a contrary diver-
gence of dorsal surfaces during wrist extension, implying
rotational movement of the scaphoid and lunate alongside
translation. This finding differs from a study performed by
Berger et al., who described a tendency for the volar sur-
faces of the SL joint to separate during wrist extension, and
a reciprocal movement during wrist flexion.19 However, the
review of Berger et al. is based on cadaver studies, in which
passive wrist motion occurred and several stabilising
structures in the wrist were dissected. These factors might
explain the different findings regarding carpal kinematics
found in this study. Further investigation is necessary to
determine the clinical significance of these observations
during FE, and to discern whether similar observations are
present in pathological wrists.

A limitation of this study is that grip strength was not
measured during CF imaging. Therefore, the measured SLDs
could not be related to the degree of provided grip strength
and we can only assume that the subjects produced their
maximum grip strength throughout the whole period of
imaging. Additionally, an enhanced imaging protocol dur-
ing inclusion resulted in separate imaging runs for FE and
CF, leading to variations in scanning time and the number of
acquired frames. However, this is unlikely to affect the re-
sults since the FE data were interpolated based on the wrist
position, thus being independent of the number of frames.
Furthermore, sex was not analysed as a potential con-
founding factor, a decision supported by a previous 4DCT
study by Brinkhorst et al. who demonstrated that sex does
not influence carpal kinematics.23 Variations in bone size
were also not considered within the scope of this study, as
our primary aim was to establish normative SLD values in a
healthy population. However, exploring the influence of
bone size or shape on the SLD in future studies could
enhance our understanding of SL kinematics. Moreover, our
measurements were validated against manual measure-
ments, yet both methods may introduce measurement er-
rors, limiting the true accuracy of this approach. Evaluating
accuracy ideally involves cadaveric or (digital) phantom
studies, as demonstrated by Dobbe et al., who achieved high
accuracy in quantitative 4DCT analysis.24 However, we
opted to use manual measurements as a comparative
benchmark, since this is considered the gold standard for
clinical SLD assessment.

In future studies, it is suggested that the proposed
method be applied to wrists with suspected SLL injury to
investigate whether SLD measurements at the proposed
locations within the SL joint can provide insights into the
location of the tear, such as a dorsal or volar tear. This hy-
pothesis is supported by Trentadue et al., who conducted a
study on cadaveric wrists and observed significant differ-
ences in SL distance maps between less severe cases
(involving rupture of the volar and/or proximal part of the
SLL) and more severe cases (involving also a dorsal SLL
rupture).25 Furthermore, the results of this study should be
validated on different types of CT scanners. In addition, it is
crucial to determine the sensitivity and specificity of 4DCT
in diagnosing SLL injuries by comparing the results to the
holunate distance using 4DCT imaging: normal values in the healthy
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gold standard, arthroscopy. The SLD is an important
parameter in diagnosing SLL injuries, however, the method
presented in this study lacks the ability to capture relative
rotations between the scaphoid and lunate. Previous kine-
matic studies have elucidated that the proximal carpal row
does not function as a single unit; rather, it allows for
relative movement between the bones. Specifically, the
lunate followsmovement of the scaphoid passively through
the intact SLL and other ligaments.1,26,27 Future studies
should therefore also focus on other parameters, such as
carpal angles, to effectively discriminate between healthy
and pathological wrists.8,28e34

The use of dynamic imaging in the wrist introduces a
new set of challenges that require the reconsideration of
established measurement methods designed for static im-
aging. To fully leverage the potential of 4DCT, the develop-
ment and validation of innovative diagnostic methods is
essential. The proposed automatic method provides SLD
measurements at consistent locations between subjects, is
reproducible, and eliminates observer variability, in
contrast to conventional manual methods.6,10,21 This study
is the first to present a fully automated approach for ana-
lysing 4DCT scans and computing the SLD at five distinct
locations within the SL joint. This comprehensive and
robust method establishes SLD norms below 2 mm for
healthy wrist motion across various joint surface locations
and normative values established in this study can serve as
valuable reference for future research. Furthermore, our
results show that while the SLD remains constant during
RUD, there is a significant change in the dorsal and volar
SLD occurring during FE. This observation demonstrates the
importance of the FE movement for clinical assessment of
wrist kinematics. The integration of 4DCT in clinical practice
is likely to evolve the diagnostic capabilities for patients
with SLL injury, and possibly other related wrist conditions,
thereby enhancing treatment options, evaluation methods,
and overall patient care.
Ethics

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.
Funding

This work was supported by the FESSH/Hand Foundation
Grant, received by E.P.A. van der Heijden in 2020.
Author contributions

1 guarantor of integrity of the entire study: E.H.S. Teule.
2 study concepts and design: E.H.S. Teule, S. Hummelink,

E.P.A. van der Heijden.
3 literature research: E.H.S. Teule.
Please cite this article as: Teule EHS et al., Automatic analysis of the scap
wrist, Clinical Radiology, https://doi.org/10.1016/j.crad.2024.05.004
4 clinical studies: E.H.S. Teule, A. Kumaş, C.F.M. Buckens,
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