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ABSTRACT

Purpose: The purpose of this study was to evaluate an artificial intelligence (AI) solution for estimating coro-
nal and sagittal spinopelvic alignment on conventional uniplanar two-dimensional whole-spine radiograph.
Material and methods: This retrospective observational study included 100 patients (35 men, 65 women) with
a median age of 14 years (IQR: 13, 15.25; age range: 3—64 years) who underwent conventional uniplanar
two-dimensional whole-spine radiograph in standing position between January and July 2022. Ten most
commonly used spinopelvic coronal and sagittal parameters were retrospectively measured without Al by a
junior radiologist and approved or adjusted by a senior musculoskeletal radiologist to reach final measure-
ments. Final measurements were used as the ground truth to assess Al performance for each parameter. Al
performances were estimated using mean absolute errors (MAE), intraclass correlation coefficient (ICCs), and
accuracy for selected clinically relevant thresholds. Readers visually classified Al outputs to assess reliability
at a patient-level.

Results: Al solution showed excellent consistency without bias in coronal (ICCs > 0.95; MAE < 2.9° or
1.97 mm) and sagittal (ICCs > 0.85; MAE < 4.4° or 2.7 mm) spinopelvic evaluation, except for kyphosis
(ICC = 0.58; MAE = 8.7°). Al accuracy to classify low Cobb angle, severe scoliosis or frontal pelvic asymmetry
was 91% (95% CI: 85-96), 99% (95% Cl: 97—100) and 94% (95% Cl: 89—98), respectively. Overall, Al provided
reliable measurements in 72/100 patients (72%).

Conclusion: The Al solution used in this study for combined coronal and sagittal spinopelvic balance assess-
ment provides results consistent with those of a senior musculoskeletal radiologist, and shows potential ben-
efit for reducing workload in future routine implementation.

1. Introduction

acquisitions at low dose stereoradiography [3], allowing to better
understand postural adaptation and the close relationship between

Spine and/or pelvis deformity refers to morphological abnormali-
ties in the coronal, sagittal, or axial position as a deviation from the
normal position. The prevalence of such deformities can be up to 2%
of adults for scoliosis and consequences on quality of life are one cur-
rent public health issue [1,2]. The assessment and follow-up of spino-
pelvic alignment relies on radiographic measurements via either
conventional uniplanar x-ray systems or orthogonal biplanar

Abbreviations: Al Artificial intelligence; CA, Cobb angle; CI, Confidence interval; CVA,
Coronal vertical axis; FN, False negative; FP, False positive; FPA, Frontal pelvic asymme-
try; GT, Ground truth; ICC, Intraclass correlation coefficient; IQR, Interquartile range;
MAE, Mean absolute error; NPV, Negative predictive value; PI, Pelvic incidence; PPV,
Positive predictive value; PT, Pelvic tilt; SS, Sacral slope; SD, Standard deviation; SVA,
Sagittal vertical axis; TN, True negative; TP, True positive
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pelvis and spine [4]. Several radiographic parameters have been
developed and validated on conventional uniplanar two-dimensional
whole-spine radiographs to evaluate spinopelvic harmony and the
sagittal balance of the spine [5]. Cobb angle (CA) is the most widely
used parameter to evaluate frontal deviation of the spine and the ref-
erence standard to diagnose and monitor scoliosis [6]. Frontal pelvic
asymmetry (FPA), sacral slope (SS), pelvic tilt (PT) and pelvic inci-
dence (PI) are the most established parameters to evaluate spinopel-
vic balance.

Although manual measurements are found precise and accurate by
expert readers [7,8], they remain burdensome and time-consuming in
the routine radiologists’ workflow. Computer-aided semi-automated
techniques have been developed for the last ten years but the recent
improvement of deep learning techniques offers new perspectives, with
promising results on automated deep learning-based assessment of
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angular deviations in the coronal or sagittal plane [9—12]. However,
none has assessed the performance and potential impact of a full solu-
tion for coronal and sagittal measurements of spine and pelvis parame-
ters for routine radiologic implementation.

The main objective of this study was to assess, in a pediatric and
adult population, the consistency of an Al solution for coronal and
sagittal spinopelvic alignment assessment compared to the gold stan-
dard of musculoskeletal radiologist measurements. Secondary objec-
tives were: (i) to evaluate the performance of the Al solution to
classify measurements based on admitted threshold values for CA,
FPA and SS; (ii) to report the potential errors of young/non expert
readers; and (iii), to evaluate the potential impact of the Al solution
on an overall workflow.

2. Materials and methods
2.1. Study design

This retrospective, non-interventional study was conducted in our
institution and received nonfinancial support by Milvue, which pro-
vided the Al model (SmartXpert®). All authors had full control of the
data and information submitted for publication. This study was
approved by our institutional review board (CRM-2208-299). This
study follows the CLAIM Checklist for Al in medical imaging [13].

2.2. Data source and processing

The picture archiving and communication system of our institu-
tion was queried to retrieve adult and pediatric patients who under-
went whole-spine coronal and sagittal conventional radiographs in
standing position from January to July 2022 by two radiologists (M.Z.,
a four-year resident and D.G., a senior radiologist with 12 years of
experience in musculoskeletal imaging). The two radiologists
selected the first 100 individual patients fulfilling the inclusion and
exclusion criteria of the study. Patients had their imaging examina-
tions in four different imaging departments of our institution using
DigitalDiagnost™ (Philips Healthcare) or Clisis™ (Primax) tables.
Inclusion criteria were: (i), whole-spine conventional radiographs
acquired in standing position; and (ii), adequate full thoracolumbar
spine visualization from external auditory meatus to femoral heads.
Exclusion criteria were: (i), refusal to participate in the study; (ii),
congenital spine abnormality; (iii), history of spine or pelvic surgery;
(iv), motion artifact during image acquisition; or (v), patient had
more than three spinal curvatures. DICOM metadata were parsed by
the resident radiologist to extract age and gender for data collection
purpose.

2.3. Study sample junior radiologist measurements

The radiology resident (M.Z.) blinded to Al measurements, per-
formed measurements on the selected sagittal and coronal views of
the study sample to provide the 10 following spinopelvic coronal and
sagittal values according to standard practice of the radiology depart-
ment. The 10 values were defined as follows: (i), Cobb angle (CA - in
degrees) was defined as the angle between upper endplate of the
upper vertebra and the lower endplate of the lower vertebra; (ii),
Coronal vertical axis (CVA - in millimeters) was measured in the coro-
nal plane and corresponded to the horizontal distance of the vertical
lowered on the center of C7 (coronal C7 plumb line) and the middle
of the S1 sacral endplate; (iii), Sagittal vertical axis (SVA - in milli-
meters) was measured in the sagittal plane and corresponded to the
horizontal distance of the vertical lowered on the center of C7 (sagit-
tal C7 plumb line) and the postero-superior end of S1 sacral endplate;
(iv), Thoracic kyphosis T1-T12 (in degrees) was measured between
the upper T1 endplate and the lower T12 endplate and expressed in
degrees; (v), Lumbar lordosis L1-S1 was measured between the upper

L1 endplate and the upper S1 endplate and expressed in degrees; (vi),
T9 spinopelvic inclination (T9-SPI) was defined as the angular value
between the vertical lowered at the center of the hip heads and the
line joining this point to the center of the T9 vertebra and expressed
in degrees; (vii), Frontal pelvic asymmetry (FPA) was defined as the
vertical height difference between the two sides of the pelvis using
the upper iliac crest point as the reference for each pelvis side and
expressed in millimeters; (viii), Sacral slope (SS) was defined as the
angle between a line tangent to the upper S1 endplate and horizontal
line and expressed in degrees; (ix), Pelvic tilt (PT) was defined as the
angle between the vertical lowered on the center of the hip heads
and the line connecting the center of the hip heads to the middle of
the S1 sacral endplate and expressed in degrees; (x), Pelvic incidence
(PI), which is a key parameter to pelvis sagittal balance, was defined
as the angle between the perpendicular to the upper S1 endplate
passing through its center and the line connecting this point to the
axis of the femoral heads and expressed in degrees.

All examinations were visualized and measured on the institu-
tional local DICOM viewer used in routine by the readers (Cen-
tricity™ Universal Viewer, GE Healthcare). Resident radiologist’s
assessment time was recorded for each patient.

2.4. Ground truth definition

The senior musculoskeletal radiologist (D.G.) reviewed all meas-
urements made by the resident radiologist and, if needed, corrected
the inaccurate ones. Based on this review, the ground truth was
defined for subsequent data analysis.

2.5. Deep learning algorithm description and study sample Al
measurements

2.5.1. Al solution description

The development dataset consisted of equally represented full
body and full spine radiographs with both the coronal and sagittal
views collected from radiology departments of seven French centers
and annotated by radiographers and senior musculoskeletal radiolog-
ists, both with more than 10 years of experience, on a dedicated plat-
form internal to Milvue and after proper training. This dataset was
split into three subsets, used for the training (80%), validation (20%),
and internal testing of the model (10%). The deep learning algorithm
code was based on the “TensorFlow Model Garden” framework [14]
further revised and adjusted by Milvue for spinopelvic measure-
ments. As part of the model-training process, data augmentation
techniques were applied, including random rotations, blurring, trans-
lation, flipping, cropping, and resizing. The measurements were per-
formed in three steps as described in Fig. 1. First, a classification
neural network determined the body part and the view of the input
image and allowed for further processing if the input image was rec-
ognized as a full spine, otherwise the measurement analysis was not
performed. Second, a landmark-detection neural network localized
the anatomic points useful for the measurements. Third, the detected
landmarks were post-processed using geometric formulas to provide
values of all required measurements and angles. For every analyzed
view, reference lines for measurements and/or angles were outputted
as burnt in pixels in the original input image and referred to the
radiological output for visual assessment of the Al analysis.

2.5.2. Study sample assessment of Al solution performance

All included examinations were locally anonymized, uploaded to a
local server for Al processing (MilvueSuite v1.21, Milvue), and proc-
essed for automatic measurements as described in section 2.5.1. Each
whole-spine radiographic projection was independently analyzed
and Al-based radiological outputs were given to the two radiologists
for consensus visual evaluation of the measurement’s reliability using
a three categories classification as follows: (1), reliable, (ie., all
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Fig. 1. SmartXpert® (Milvue, France) architecture for fully automated spinopelvic coronal and sagittal assessment.

DL indicates deep learning; CNN indicates convolutional neural network.

measurements were accepted without the need of correction); (2),
moderately reliable, (i.e., 1 wrong measurement that needed correc-
tion; and (3), unreliable, (i.e., two or more wrong measurements).

2.6. Statistical analyses

Quantitative variables were expressed as mean and standard
deviation (SD) or median and interquartile range (IQR; Q1, Q3)
depending on data distribution, and categorical variables were
expressed as raw numbers and percentages [15]. As compared to the
ground truth, Al performance metrics for each spinopelvic alignment
parameter were evaluated by the mean absolute error (MAE) and its
95% confidence interval (CI), concordance with mean bias and limits
of agreement with Bland Altman plots, and consistency with intra-
class correlation coefficient (ICC) and its 95% CI. ICCs calculations
were based on a two-way random effect model and absolute agree-
ment. Four levels of agreement were defined as follows: excellent,
ICC > 0.75; good, 0.60 < ICC< 0.75; fair, 0.40 < ICC < 0.6; poor, ICC <
0.4[16].

Thresholds were defined as clinically relevant for CA, FPA and SS
with subsequent confusion matrices generated to evaluate Al classifi-
cation’s performance. The number of true-positive (TP), true-negative
(TN), false-positive (FP), and false-negative (FN) findings were
counted, and the corresponding sensitivity, specificity, accuracy, pos-
itive predictive value (PPV) and negative predictive value (NPV) were
calculated and reported with their corresponding 95% Cls. All statisti-
cal analyses were performed using R software (version 3.6.3, R Foun-
dation for Statistical Computing).

3. Results
3.1. General results

One hundred individual patients were included. There were 35
men and 65 women with a median age of 14 years (IQR: 13, 15.25
years; age range: 3—64 years) with nine adult patients. Seventy-four

patients (74%) had a Cobb angle > 10° and seven patients (7%) had

Table 1

severe scoliosis as defined as a Cobb angle >40° (Table 1). One coronal
view was not analyzed by the Al solution, resulting in further Al vs.
ground truth comparison over 100 patients in sagittal view and 99
patients in coronal view (Fig. 2).

3.2. Radiology resident analysis and senior radiologist’s corrections of
inaccurate measurements

One thousand measurements (10 parameters measured on 100
patients) were performed by the resident radiologist with mean mea-
surement time of 6.5 & 2.7 (SD) min (range: 3—14 min) per patient.
Mean measurement time for the first 10 patients was 12.1 + 1.6 (SD)
min, and 4.2 + 0.8 (SD) min for the last 10 patients. A total of 45
measurements (4.5%) were corrected by the senior musculoskeletal
radiologist. Among them, 24 (52.2%) were sign errors on SVA (13
errors) and PT (11 errors). Fourteen corrections (30.4%) were related
to Cobb angle with an MAE of 8.1° (95% CI: 4.5—11.7). Other discrep-
ancies were related to kyphosis (six corrections; MAE = 13° (95% CI:
5.3-20.7), lordosis (two corrections; MAE = 11.5°) and CVA (one cor-
rection; MAE = 2 mm).

3.3. Comparison between Al solution and ground truth

For coronal parameters, MAE between Al and ground truth were
2.90° (95% CI. 2.41-3.39) for Cobb angle, 1.97 mm (95% CI: 1.66
—2.29) and 0.89 mm (95% Cl: 0.76—1.03) for CVA and FPA, respec-
tively. ICCs were 0.95 (95% CI: 0.92—-0.97), 0.95 (95% CI: 0.93-0.97)
and 0.97 (95% CI: 0.96—0.98) for Cobb angle, CVA and FPA, respec-
tively (Table 2).

Bland Altman plots showed mean bias as —0.17° for CA, —0.02 mm
and —0.25 mm for CVA and FPA, respectively. No proportional bias
was demonstrated (Fig. 3).

Based on a threshold of 10° [17] for building the confusion matrix
of CA measurements, PPV and NPV for scoliosis detection were 86%
(95% CI: 80—92) and 94% (95% CI: 81—100), respectively. Analysis of
severe scoliosis (> 40°) found PPV and NPV of 88% (95% Cl: 60—100)
and 100%, respectively. Considering a threshold of 10 mm as clinically

Demographic characteristics of the study population and the subgroup of patients with a Cobb angle superior or equal to 10°

Study population (100 patients)

Cobb angle > 10° subgroup (74 patients)

Age group Age (year)

All patients 14 (13, 15.25) [3—-64]
Pediatric patients (<18 years) 14(13,15) [3-17]
Adults patients (18 to 65 years) 26 (20—31) [18—64]

Sex ratio (M/F)  Age (year) Sex ratio (M/F)
35/65 14 (14, 15) [3-57] 24/50

29/62 14(13,15)[3-17] 21/48

6/3 20(18,31)[18-57]  3/2

Ages are expressed as medians, with interquartile ranges (Q1, Q3) in parentheses and ranges in brackets. M indicates male. F

indicates female



Included patients
(n=100)
Center 1, n=91
Center 2, n =3
Center 3,n=3
Center 4,n=3

1

AI analysis
&
RAD analysis

99 coronal views
(one not analysed by Al)

Fig. 2. Flowchart summarizes the study design.

W

100 sagittal views

Al indicates artificial intelligence solution; n indicates number; RAD indicates radiologist.

meaningful for detecting the presence vs. absence of FPA, PPV and
NPV were 74% (95% Cl: 53-94) and 99% (95% CI: 96—100), respec-
tively (Fig. 4).

For sagittal parameters, MAE were 2.82° (95% CI: 2.39—3.26) for
SS, 4.37° (95% Cl: 3.45-5.29) for PI, 1.77° (95% Cl: 1.20—2.34) for PT,
3.82° (95% CI: 3.17—4.47) for lordosis, 8.73° (95% CI: 6.58-—10.87) for
kyphosis, 0.56° (95% CI: 0.35—0.76) for T9-SPI, and 2.70 mm (95% CI:
2.12-3.29) for SVA. The interrater reliability of sagittal spinal curva-
ture characteristics was > 0.85 for all sagittal parameters (SS, P, PT,
lordosis, SVA and T9-SPI) except for kyphosis for which reliability
was only fair (ICC = 0.56; 95% CI: 0.40—0.69) (Table 2). Mean bias was
—1.50 mm for SVA and between —1.84° and +1.17° for angle meas-
urements except for kyphosis where the mean bias was —4.57° with
limits of agreements of +13.5 and —11.2. No proportional bias was
demonstrated (Fig. 5 and 6). Based on two thresholds of 35° and 45°
for building the confusion matrix of SS measurements [18], the accu-
racy for correct classification by the Al solution was 81% (95% CI: 73
—89) (Fig. 4).

3.4. Radiologist rating of Al performance

Patient-wise consensus visual evaluation of measurements reli-
ability using a three-categories classification found Al measurements

Table 2
Artificial intelligence consistency compared to ground truth

“reliable” in 72 (72%) patients, “moderately reliable” in eight (8%)
patients and “unreliable” in 20 (20%) patients.

4. Discussion

Conventional uniplanar two-dimensional whole-spine radio-
graphs are the most frequent radiological procedures prescribed to
assess spinopelvic alignment, and are burdensome and time-con-
suming in the routine radiologists’ and/or radiographer’s workflow
[19,20]. Accurate immediate and automatic measurements could
alleviate workflow constraints and optimize time for healthcare pro-
fessionals. In our study, we assessed the performance of a deep learn-
ing-based solution on an external study sample from four radiology
sites and two different X-ray machine types of our institution proving
the robust generalization capacity of the model.

In our study, the performance of the AI model compared
favorably with those of previously published deep learning algo-
rithms [21,22]. Recently, an Al solution demonstrated MAEs for
Cobb angle ranging between 1.02° and 1.84°, and ICCs ranging
between 0.83 and 0.99 [22]. Adolescent idiopathic scoliosis is a
common spinal deformity in the pediatric population, affecting
up to 2.2% of boys and 4.8% of girls [23]. We reported high classi-
fication accuracies for low Cobb angle (<10°) as well as for severe

Parameter Mean absolute error (95% CI)  Intraclass correlation coefficient (95% CI)  Bias (95% CI)
Alvs. GT Alvs. GT Alvs. GT

Cobb angle (°) 2.90(2.41-3.39) 0.95(0.92-0.97) —0.17 (-0.95-0.60)
CVA (mm) 1.97 (1.66-2.29) 0.95 (0.93-0.97) —0.02 (—0.52-0.48)
Frontal pelvic asymmetry (mm)  0.89(0.76—1.03) 0.97 (0.96-0.98) —0.25(-0.46— —0.03)
Sacral slope (°) 2.82(2.39-3.26) 0.92 (0.88—0.94) —0.21(-0.91-0.49)
Pelvic incidence (°) 4.37 (3.45-5.29) 0.85(0.79-0.90) 1.17 (-0.07-2.40)
Pelvic tilt (°) 1.77 (1.20-2.34) 0.97 (0.96-0.98) 0.11(-0.56-0.78)
Lordosis L1-S1 (°) 3.82(3.17-4.47) 0.90 (0.84-0.94) —1.84(-2.76— —-0.92)
Kyphosis T1-T12 (°) 8.73 (6.58-10.87) 0.56 (0.40—0.69) —4.57 (-7.15— —-1.99)
SVA (mm) 2.70(2.12-3.29) 0.98 (0.97-0.99) —1.50 (-2.23— -0.78)
T9-SPI(°) 0.56 (0.35-0.76) 0.96 (0.94-0.97) -0.12(-0.35-0.11)

Al indicates artificial intelligence; CVA indicates coronal vertical axis; GT indicates ground truth; SVA indicates sagittal vertical axis. T9-SPI

indicates T9 spinopelvic inclination.
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Fig. 3. Bland Altman plots assessing the agreement of coronal alignments between Al model predictions and ground truth (GT).

The Y-axis indicates the parameter difference between predicted results and the GT (i.e., AI-GT). The X-axis represents the average degree of them (i.e., (AI+GT)/2 or mean). The
mean, and the upper and lower 95% Limits of agreement (LoAs) values as defined by 1.96 standard deviations from the mean of differences are reported in each subfigure. (A-C)
Bland-Altman plots for Cobb angle superior or equal to 10°, coronal vertical axis (CVA), and frontal pelvic asymmetry (PFA), respectively.

scoliosis (> 40°), a result of importance for the reliability of the Al
solution in screening and follow-up of these patients. More
importantly, our study allowed us to analyze pelvic parameters in
both coronal and sagittal views, demonstrating consistency and
high classification accuracies on frontal pelvis asymmetry and
sacral slope, the former being used in the Roussouly classification.
Although sagittal spinopelvic alignment is of importance in adult
and geriatric populations, it is of growing interest in the pediatric
field [24].

To our knowledge, most prior studies on conventional whole-
spine radiographs focused on either coronal or sagittal measure-
ments [9,22,25,26] without assessment of the frontal pelvis asymme-
try, although it is an important measurement to consider when

A - Cobb angle - 10° threshold

reporting a coronal spinal angulation [27,28,29]. One recent algo-
rithm combined coronal and sagittal views on biplanar radiographs
using the medical machine EOS™ [9,30], although lacking pelvis
parameters on the coronal and the sagittal views. A strength was
therefore to combine spinal and pelvis measurements on coronal and
sagittal views to provide a comprehensive analysis of spinopelvic
alignment at the patient level. As a result, 72% of patients were
assessed as reliably measured by Al (i.e., without any measurement
adjustments needed). Al tended to miscalculate the kyphosis angle
with only fair reliability. Interestingly, this parameter was also most
often erroneous in the sagittal plane when measured by the junior
radiologist. In our study, the superimposition of the shoulders and
clavicles, associated with the positioning of the hands on the clavicles

C - Frontal pelvic asymmetry

Al <10° Al 210° Al <10 mm Al 210 mm
GT <10° 17 8 GT <10 mm 79 5
GT 210° 1 73 GT 210 mm 1 14
B - Cobb angle - 40° threshold D - Sacral slope
Cobb Angle Al <40° Al 240° 556 AI<35  AI[35°457]  AI>45°
GT <35° 34 4 0
GT <40° 91 1
GT [35°-45°] 4 33 6
GT 240° 0 7 GT >45° 0 5 14

Fig. 4. Confusion matrices demonstrating performance of the artificial intelligence solution

Thresholds for Cobb angle of (A) 10° and (B) 40° was defined and the confusion matrix computed. (C) Thresholds for frontal pelvic asymmetry (PFA) of 10 mm was defined. (D)
For sacral slope, two thresholds of 35° and 45° was defined as per the Roussouly classification. Data are number of patients per category.
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Bland Altman plots for L1-S1 lordosis, T1-T12 kyphosis, SVA, and T9-SPI, respectively.

as per the standard position used in our institution, made difficult the
visualization of the cervico-thoracic region and more particularly the
upper endplate of T1. In such difficult situations, human reading is
able to extrapolate the slope of the upper endplate of T1 from the all
spinal alignment, as well as the above and below vertebra. The Al
model is able of such behavior, but it remains limited. Altogether,
increased measurement variability was responsible for errors of a
few degrees, and a low reliability. However, and interestingly, we
found that most errors by the junior radiologist were due to an error
sign on SVA and pelvic tilt, which can be misleading for readers with
low experience. This type of error is not possible with Al, anticipating
the added value of such a solution to limit such inadvertent errors.
Additionally, as our study design monitored the time for the
junior radiologist to complete measurements for each patient
without any learning period, we could estimate the heterogeneity
of measuring times according to the reader’s experience. Readers
with low experience or activity of spinopelvic measurements per
day or week will complete all measurements within 10 min or
more on average. Experienced readers with a larger volume of
cases per day will reach a measuring time limit of three to four
minutes. The Al solution can provide a complete radiological out-
put in less than two minutes. Altogether this is of importance for
radiology routine where multiple sagittal and coronal measure-
ments are done by radiographers or radiologists with limited
time resources. We foresee the implementation of such an Al
solution in the workflow without replacing radiological interpre-
tation and/or radiographer expertise but rather speeding up
patient turnaround time and standardizing a set of key parame-
ters, similar to other applications [31]. Examinations not raising

any measurement concern could be validated by the radiologist,
while a smaller proportion of cases will be measured again on a
limited number of inaccurate Al measurements. Under this
hypothesis, Al could reduce turnaround time and alleviate work-
flow constraints while securing diagnosis accuracy, even more in
the actual context of shortage of radiographers and the ever-
increasing medical imaging workload.

Our study had limitations. First, the included population was
mainly pediatric, limiting specific evaluations on sagittal misalign-
ments that are encountered in adult and geriatric populations. Sec-
ond, exclusion criteria were numerous and restricted the analysis on
pre-operative patients without congenital anomalies, although
patients with braces were not excluded as it is commonly done in
scoliosis follow-up. Third, as per the study design, performance
assessment of the junior radiologist was limited to a single reading
and impact assessment could only be estimated.

In conclusion, a combined coronal and sagittal automatic deep
learning-based evaluation of spinopelvic alignment parameters was
proved consistent compared to a senior musculoskeletal radiologist,
as well as potentially of benefit in reducing workload in routine
implementation. Further studies with more case materials are
needed to fully determine the capabilities of this Al software in the
real life.
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