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Abstract

Objectives Adolescent idiopathic scoliosis (AIS) is the most common spinal disorder in children. A severity index was recently

proposed to identify the stable from the progressive scoliosis at the first standardized biplanar radiographic exam. The aim of this

work was to extend the validation of the severity index and to determine if curve location influences its predictive capabilities.

Methods AIS patients with Cobb angle between 10° and 25°, Risser 0-2, and no previous treatment were included. They

underwent standing biplanar radiography and 3D reconstruction of the spine and pelvis, which allowed to calculate their severity

index. Patients were grouped by curve location (thoracic, thoracolumbar, lumbar). Patients were followed up until skeletal

maturity (Risser > 3) or brace prescription. Their outcome was compared to the prediction made by the severity index.

Results In total, 205 AIS patients were included; 82% of them (155/189, 95% confidence interval [74-90%]) were correctly

classified by the index, while 16 patients were unclassified. Positive predictive ratio was 78% and negative predictive ratio was

86%. Specificity (78 %) was not significantly affected by curve location, while patients with thoracic and lumbar curves showed

higher sensitivity (> 89%) than those with thoracolumbar curves (74%).

Conclusions In this multicentric cohort of 205 patients, the severity index was used to predict the risk of progression from mild to

moderate scoliosis, with similar results of typical major curve types. This index represents a novel tool to aid the clinician and the

patient in the modulation of the follow-up and, for progressive patients, their decision for brace treatment.

Key Points

* The severity index of adolescent idiopathic scoliosis has the potential to detect patients with progressive scoliosis as early as the
first exam.

* Out of 205 patients, 82% were correctly classified as either stable or progressive by the severity index.

o The location of the main curve had small effect on the predictive capability of the index.
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Abbreviations
AlS Adolescent idiopathic scoliosis
AUC Area under the curve

ROC Receiver operating characteristic curve

curve

SOSORT Society on Scoliosis Orthopaedic and
Rehabilitation Treatment

Introduction

Adolescent idiopathic scoliosis (AIS) is the most common spi-
nal disorder in children and adolescents [1], affecting 1-4% of
the population. If left untreated, it can lead to pulmonary im-
pairment in the most severe cases [2, 3] and lead to a reduced
quality of life [4]. Diagnosis and decision-taking are mainly
based on the serial radiological follow-up assessment of sever-
ity, usually using the Cobb angle, which is measured on a
single frontal radiograph to evaluate scoliosis severity, and also
the patient’s skeletal maturity (Risser sign, Tanner stage) [5].

At the beginning of puberty, 44% of patients with a Cobb
angle < 20°, and 52% of patients with a Cobb angle between
20 and 30° risk progressive scoliosis [6]. The aim of conser-
vative treatment is to slow down the progression of the defor-
mity, thus reducing the risk of further progression and the
need of surgery. Early treatment is more effective than late
[7], but there is no consensus on how early this treatment
should start. This is a difficult question to answer because
treatment is cumbersome for these young and active patients,
and therefore exploratory studies aiming to analyze early treat-
ment are ethically questionable since they would necessitate
overtreatment of non-progressive patients.

This raises the issue of detecting and predicting objectively
as early as possible those curves that will eventually progress.
Uncertainty of this prediction in clinical routine can lead to
overtreatment (too much unnecessary burden on the patient)
or undertreatment (not able to prevent the progression of the
deformity early enough).

In the recent years, 3D analyses based on biplanar spinal
radiographs are becoming standard practice. In AIS, there is a
very characteristic three-dimensional pattern of deformity,
which includes the location of the apical vertebra in the major
curvature (curve location: thoracic, thoracolumbar, lumbar), a
flattening of the spine in the sagittal plane and a torsion of the
spine within the scoliotic curve. Spinal torsion is often
overlooked, due to the difficulties in measuring spinal param-
eters in the axial plane using conventional radiography [§].

It has therefore been suggested that quantifying the 3D
geometry of the scoliotic curve can help to detect patients with
risk of progression at an earlier stage [9]. In a pilot study of 65
patients with mild AIS, a severity index based on the 3D
reconstruction of the spine was able to correctly classify

82% of the patients as progressive or stable. The 3D recon-
struction of the spine can be obtained using low-dose biplanar
radiography and validated reconstruction methods [10, 11].

However, the potential effect of curve location could not be
analyzed in the previous pilot study, due to the small cohort
included. This is an important aspect to investigate because
different curve topologies might present a different phenotype
of progressive curves. Hence, the accuracy of the severity
index might depend on curve location, and indications for its
clinical use could be affected. The aim of this paper was to
extend the validation to a larger multicenter cohort and to
determine if curve location has an effect on the predictive
capabilities of the severity index.

Materials and methods

The study was approved by the ethical committee (CPP Ile de
France VI 6001 and local hospitals’ ethical committees).
Patient informed consent was collected for patients included
prospectively, and it was waived for retrospective anonymized
data which was acquired in clinical routine. Part of this cohort
(N = 55) was already presented in a previous paper validating
a custom reconstruction method for the spine [10].

Subjects

Patients were included prospectively and retrospectively from
six clinical centers in four different countries (France, Hong
Kong, Lebanon, Italy, with a minimal of 10% of inclusions
per team), between 2013 and 2020. Inclusion criteria were
confirmed diagnosis of AIS, Cobb angle between 10° and
25°, European Risser sign < 3 [12], age > 10 years, and no
previous treatment of scoliosis.

Patients were excluded if they presented with supernumer-
ary thoracic vertebrae, transition anomalies, or in case of non-
standard free-standing position [13] in biplanar radiography
(described below). Non-idiopathic scoliosis (i.e., scoliosis for
which an underlying cause was determined) was excluded
through clinical and neurological assessment and magnetic
resonance imaging.

Patients were classified by major curve location, according
to the location of the apex: thoracic (apex between T2 and
T11), thoracolumbar (apex in T12 or L1), and lumbar (apex
between L2 and L4) [14].

Patients were followed radiologically at regular intervals
between 3 months and 1 year as decided by the practice of
the respective centers. All patients underwent standing
biplanar radiography (EOS system, EOS Imaging) at inclu-
sion, and EOS or conventional radiography at each follow-
up exam.

Follow-up ceased when the patient reached skeletal matu-
rity with no progression and no treatment (“stable patients,”



with Risser sign > 3 and Cobb angle < 25°) or until prescrip-
tion of brace (“progressive patients”). Quantitative criteria
were applied to decide brace treatment, according to the
International Society on Scoliosis Orthopaedic and
Rehabilitation Treatment guidelines, i.e., Cobb angle > 25°
and a Risser sign < 2, or a 5° increase of Cobb angle or
vertebral axial rotation in 6 months [5], together with a wors-
ening of the clinical profile. Clinicians were blinded to the
patient’s severity index when examining patients.

The idiopathic character of the scoliosis, Risser sign, and
the progression were confirmed for all patients by consensus
between the prescribing clinician and an expert surgeon (last
author, 55 years of experience) who analyzed all biplanar
radiographs. Patients without clear consensus were excluded
from the study.

Imaging and 3D reconstruction

The spine of all patients (T1 to pelvis) was reconstructed in 3D
using previously validated methods [10, 11]. These methods
are semi-automatic; i.e., they yield a 3D reconstruction of the
spine after a manual digitization of anatomical structures and a
fine tuning of pre-positioned 3D models which are retro
projected on the frontal and lateral radiographs. The pelvic
acetabula were used to define an anatomical reference, which
allowed computing the patient’s anatomical sagittal and coro-
nal planes.

Reconstructions were performed by six operators (sur-
geons, clinicians, and engineers) in the different centers.
Further quality control was performed by one operator with
10 years of experience in 3D reconstruction (first author).

Severity index

While the procedure to obtain the 3D reconstruction was semi-
automatic, the calculation of the following parameters was
automatic. Six three-dimensional spinal parameters were thus
computed: Cobb angle, vertebral axial rotation at the apical
level, inter-vertebral rotation at the upper and lower end ver-
tebrae, the torsion index [15], and the hypokyphosis index
[16]. Axial rotations and intervertebral rotations are well
known; torsion index is the mean of the sum of intervertebral
axial rotations from lower junction to apex and from apex to
upper junction. The hypokyphosis index is the difference be-
tween the kyphosis measured from the vertebrae adjacent to
the apex (i.e., apex +1 and apex —1) and the same value com-
puted at the same level in a cohort of asymptomatic subjects.

The severity index for each patient was then calculated
automatically from a predictive discriminant analysis model
which was previously described [16]. Briefly, the model is
built on an independent cohort of 3D reconstructions includ-
ing asymptomatic subjects, pre-brace, and severe AIS pa-
tients. Based on the similarity between a given spine and these

three groups, the model outputs the severity index, i.e., a value
between 0 and 1. The index was weighted according to the
patient’s European Risser sign, to account for the lower risk of
progression at more advance skeletal growth; a multiplicative
factor of 1, 0.8, or 0.7 was applied to the index of patients with
Risser 0, 1, or 2, respectively. These multiplicative factors are
consistent with the decreasing risk of progression at Risser 2
(52%) relative to Risser 0—1 (68%, 52%/68% = 0.76), accord-
ing to Bunnell et al [6].

An index lower than 0.4 is indicative for a stable curve,
while an index higher than 0.6 is indicative for a progressive
one. No prediction is issued for values in-between.

Statistics

True positives and true negatives were those patients with a
correct prediction of progression or no progression, respec-
tively. False negatives were progressive patients with a pre-
diction of no progression, while false positives were stable
patients with a prediction of progression.

Sensitivity was defined as the ratio of true positive over all
progressive, while specificity as true negatives over all stable.
Positive predictive ratio was defined as the ratio of true posi-
tives over all predicted as progressive, while the negative pre-
dictive ratio was the ratio of true negatives over all predicted
stable. The overall ratio of correctly classified patients was the
number of correctly classified patients over the number of
classified patients.

Considering a specificity of 74% and sensitivity of 92%,
which were assessed in previous studies, a cohort of 150 pa-
tients would be sufficient to determine sensitivity and speci-
ficity with a marginal error of 5% [10, 17].

Sensitivity and specificity between different groups were
compared with receiver operating characteristic (ROC) curves
and area under the curve (AUC). 95% confidence bound of
the ROC curve was calculated with a bootstrap procedure and
10,000 iterations. AUC between 0.8 and 0.9 is considered
excellent discrimination [18].

Normality of variables was tested with Lilliefors’ test.
Differences were analyzed with Mann-Whitney tests, and sig-
nificance was set at o = 0.05. Results are presented as mean =
standard deviation for continuous variables and as value [95%
confidence interval] for percentage ratios.

Results

Two hundred five patients were included (Fig. 1), with 96/205
(47%) progressive patients and 109 stable ones (53%), and a
follow-up time between 6 months and 2.5 years. Patients with
Risser 2 in this cohort had a very low rate of progression (7/42,
17%) compared to Risser 0—1 (89/163, 55%).
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All geometrical parameters were significantly different be-
tween the progressive and stable groups (Table 1, Fig. 2).
Sixteen patients (8%) were not classified; among the patients
with a conclusive severity index (189/205), the overall
ratio of correctly classified patients was 82% (155/189
patients, 95% CI [74-90], Table 2). Sensitivity was
87% [80-94] and specificity was 78% [69-86]
(Table 2). Positive predictive ratio was 78% [69—87]
and negative predictive ratio was 86% [80-93].

Eighty-eight patients had thoracic curves, sixty-five lum-
bar, and fifty-two thoracolumbar (Table 3). Figure 3 shows the
ROC plots for the whole cohort and for each curve location.
AUC showed excellent discrimination power (AUC = 0.87).
Thoracolumbar and lumbar patients showed a sensitivity and
specificity similar to the whole cohort (i.e., their optimal op-
erating points were within the 95% confidence interval of the
cohort; Fig. 3). In total, 93% and 89% of progressive thoracic
and thoracolumbar curves were correctly detected by the in-
dex, respectively, but thoracolumbar curves showed lower
sensitivity (74% [56-92], Table 3). Specificity was not signif-
icantly affected by curve location.

Analysis of false positives and negatives

Twenty-two patients out of 109 stable patients (20%) were
false positives; i.e., they were predicted as progressive but they
did not progress. Twelve out of 96 progressive (12%) were
false negative. False positives showed a significantly more se-
vere deformity than false negatives; they had a higher Cobb
angle (18.7 + 2.4° vs 12.1 + 1.7°, p = 0.0001) and higher
torsion (5.2 +£2.5° vs 1.3 £ 1.3°, p = 0.001). In particular, false
negatives had a Cobb angle lower than 16°.

Examples of cases of progressive and stable scoliosis as
demonstrated by the severity index are provided in Fig. 4, while
Fig. 5 shows examples of false positive and negatives.

Table 2 Confusion matrix of the severity index
S-index 0.4 < S-index  S-index
<04 <06 >0.6
Stable scoliosis (N = 109) 76 (78%) 11 22 (20%)
Progressive scoliosis (N =96) 12 (13%) 5 79 (87%)




Table 1
patients. Values are reported as mean =+ standard deviation

Demographic and geometrical data of patients with Risser 0—1. p values result from Mann-Whitney tests between progressive and stable

Cohort Stable patients ~ Progressive patients  p value (stable vs progressive)

Sample size 205 109 96 -
Gender -

Female 171 90 81 -

Male 34 19 15 -
Age 12+1 12+1 11+1 p <0.0001
Risser sign

0 120 42 78 -

1 43 32 11 -

2 42 35 7 -
Cobb angle 16 +4.41 14.7 £ 4.57 17.4 +£3.79 p <0.0001
Hypokyphosis index (°) -1.1 £3.1 -0.31+3.1 -2+2.8 »<0.001
Torsion index (°) 4.35+£2.65 347 +2.06 5.34+2.89 »<0.0001
Intervertebral axial rotation at the lower end vertebra (°) 2.1 £3.2 14+£33 29+3 »<0.001
Intervertebral axial rotation at the upper end vertebra (°) -3 +3.2 -1.9+32 —42+29 »<0.0001
Vertebral axial rotation at the apex (°) 63+44 52436 7.6+4.8 p<0.001

Examples of how inadequate positioning can affect spinal cur-
vature and severity index measurements are provided in Fig. 6.

Discussion

In this study, the severity index was able to correctly classify
82% of patients with AIS as progressive or stable, with a rate
of 8% who could not be confidently classified into either cat-
egory. This is a promising result for the early detection of
progressive scoliosis, which is the main potential advantage
of the severity index over standard of care. While clinical and
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Fig.2 Parameters to calculate the severity index in stable and progressive
patients (mean + standard deviation). HKi, hypokyphosis index; IARI and
IARu, intervertebral rotation at lower and upper end vertebrae; AVR,
axial vertebral rotation

radiological considerations tend to observe the progression
when it starts, or to exclude it when skeletal maturity is
reached, the aim of the severity index is to predict the same
outcome but months, and sometimes years, in advance. This
prediction may allow for early treatment and intervention. The
effects of major curve location on the severity index were
reviewed, and severity score index was least sensitive for
those with thoracolumbar scoliosis (Table 3).

Interestingly, patients with Risser 2 in this cohort had a
very low rate of progression (17%) compared to Risser 0—1
(55%). Bunnell observed that patients with Risser sign 3—4
had a risk of progression of 18%, and this risk was increased
to 52% for Risser 1-2 and 68% for Risser 0 [6]. Hence, the
risk observed in the present cohort according to Risser appears
shifted by 1.

This study included patients with a Cobb angle up to
25°. This could be a limitation of the study because risk
of further progression is considered to be higher after
20° Cobb angle and Risser < 3. Hence, these patients
could be already considered as progressive, when limit-
ing the definition of progression to the coronal plane.
However, 7 of these patients (23%) did not further
progress; hence, early detection of progression remains
relevant in these patients. Besides, removing those pa-
tients between 20° and 25° Cobb angle does not signif-
icantly affect the results, since the overall rate of correct
prediction was 82% in patients with Cobb angle < 20°.

Cobb angle is still the gold standard to assess scoliosis patients
in clinical routine. It can be measured rapidly, and it has the
advantage of summarizing the curve severity with a single angu-
lar value. Full 3D analysis is more comprehensive, but it is not
yet widespread. This is probably due to the difficulty of obtaining



Table 3 Number of patients in

each group, sensitivity, and Type of curvature Total cases Thoracic Thoracolumbar Lumbar

specificity of the severity index

according to curve location (CI, Sample size 205 88 52 65

95% confidence interval) Stable patients 109 46 27 36
Progressive patients 96 42 25 29
Correctly classified (%) 82 83 81 82
Sensitivity [CI] (%) 87 [80-94] 93 [85-100] 74 [56-92] 89 [77-100]
Specificity [CI] (%) 78 [69-86] 73 [59-86] 88 [74-100] 77 [62-91]

an accurate 3D reconstruction, which requires a trained operator
and can be time-consuming. This is being addressed through the
development of automatic or quasi-automatic reconstruction
methods [19, 20]. However, another limiting factor for the use
of 3D analysis is the definition of which parameters are relevant
and how these parameters can be combined to quantify the se-
verity of the deformity. The severity index tries to answer this
question by providing a single value to quantify the 3D pattern of
the scoliosis deformity. Figure 2 shows that the single parameters
which are used to calculate the index are not sufficiently different
in stable and progressive patients, while their combined pattern
is.

Curve location had a relatively small impact on the predic-
tive power of the severity index. ROC curves showed an ex-
cellent discrimination power for the whole cohort, but also for
each curve topology (Fig. 2). Thoracic and lumbar curves
showed higher sensitivity than thoracolumbar ones.
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Fig. 3 Receiver operating characteristic (ROC) plots for the detection of
progressive patients in the whole cohort and according to curve types (T,
thoracic; TL, thoracolumbar; L, lumbar). Circles represent the optimal
operating points of the curve, while the shaded area is the 95% confidence
bound of the cohort ROC

However, only 52 curves were thoracolumbar, while 88 were
thoracic and 65 were lumbar. Thus, it is possible that this
difference between groups could decrease on a larger cohort.

Obtaining the 3D radiographic parameters describing spinal
geometry requires performing a 3D reconstruction of the spine.
In this multicenter international study, reconstructions were per-
formed by 6 operators using previously validated methods. The
standard biplanar radiographic device and reconstruction
methods which are available in clinics are sufficient to calculate
the severity index. However, the clinically available reconstruc-
tion method [11] requires a trained operator and an accurate
reconstruction to obtain a robust severity index. More recently,
a quasi-automatic method was proposed, which allowed calcu-
lating the severity index with a percentage agreement between
operators above 80%, even when operators had a 1-day expe-
rience [10, 21]. Nevertheless, the manual or quasi-automatic
character of these methods is still considered a limitation for
the widespread diffusion in clinical routine. Work is in progress
to obtain full automation of the 3D reconstruction, in order to
eliminate any operator effect while maintaining the level of
accuracy required to obtain a robust prediction though the se-
verity index.

Another limitation to our work may include the patient posi-
tioning. In order to obtain a robust prediction with the severity
index, the patient must be in the free standing position described
by Faro et al [13]. Variations of this position can alter the sub-
ject’s posture, thus the geometry of the spine, affecting the radio-
graphic geometrical parameters which are calculated with the 3D
reconstruction [16]. A few examples of bad positions are provid-
ed in Fig. 4: when patients put their hands against the radiogra-
phy cabin, they can tend to hold their arms too high or asymmet-
rically. These postures can alter the natural spinal geometry and
therefore the severity index. In this work, 27 patients were ex-
cluded for non-conforming position at the beginning of data
collection (Fig. 1). However, in our experience, sensitization of
the radiological team to the importance of natural patient posture
was sufficient to reduce exclusions.

The overall rate of correct prediction was consistent with the
previous results on the severity index [9, 10]. Dolan et al recently
proposed a model to predict scoliosis progression [22], and they
obtained a positive and negative predictive ratios of 0.7 and 0.85,
respectively, which are not far from those obtained in this study
(0.78 and 0.86, respectively). However, the two models have
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Fig.4 Examples of two stable patients (a, b) and two progressive ones (c,
d). Each panel shows the patient’s biplanar radiography at inclusion, the
3D reconstruction of the spine, and pelvic acetabula. A top view of the
scoliotic curve was also included where the vertebrae were represented as
vectors as proposed by Illes et al [27]. a A 12-year-old girl with moderate
Cobb angle (19.4°), but with normal hypokyphosis index (1.1°; a normal
index would be 0°) and low intervertebral rotations at the end vertebrae; it
was correctly classified as stable by the severity index despite the high
Cobb angle. b A 15-year-old girl who also has a high Cobb angle of 17°,
but a normal lordosis and low axial rotations, so she was correctly

different complementary aims: Dolan et al predicted curve pro-
gression > 45°, i.e., towards the need of surgery, while the sever-
ity index in this study aims at predicting progression of mild to
moderate scoliosis at the first exam, i.e., to start brace treatment
as soon as possible and to reduce radiation exposure for patients
at low risk of progression.

The risk factors identified by Dolan et al were Cobb angle,
the presence of a thoracic curve, and the skeletal maturity,
evaluated using the simplified skeletal maturity scoring sys-
tem [23]. Similarly, Kadoury et al were able to classify 81%
(out of 133) patients as stable or progressive. But again, Cobb
angle at inclusion was higher than in the present study (23° +
8°vs 16.0° £3.7°, p < 0.0001), and therefore the application
field is different. The target population for the severity index
used in this study is that of very mild scoliosis, and its aim is to

classified as stable by the severity index (s-index = 0.2). ¢ An 11-year-
old girl with low Cobb angle (13°), but also a slightly flat back at the
apical vertebra (hypokyphosis = —2.2°), high torsion, and high interver-
tebral rotation at the lower junction; her severity index correctly classified
her as progressive. d A 10-year-old girl with high axial rotations and flat
sagittal profile at the thoracolumbar junction; she was correctly classified
as progressive by the index even if her Cobb angle was low (13.7°) (Hyp.,
hypokyphosis index (°); Tors., torsion index (°); IARI/IARu, interverte-
bral axial rotation at the lower/upper end vertebra (°); AVAR, apical
vertebral axial rotation (°); S-ind, severity index)

start an effective early treatment by brace when needed, while
avoiding overtreatment.

False negatives were observed in the present study, for
whom treatment could have started later than optimal, as well
as false positive who risked overtreatment. A thorough analysis
of these cases is underway, aiming to understand how to im-
prove the severity index to bring the rate of correct predictions
closer to 100%. It is possible that combining the three-
dimensional analysis and an estimation of skeletal maturity
could improve the models’ predictive power. Further improve-
ment could be attained by including 3D morphological param-
eters, such as vertebral slenderness and wedging [24, 25].

Nevertheless, such predictive models represent an addi-
tional useful tool to help the clinical decisions, and they can
be integrated with other clinical information which might



Fig. 5 Examples of two false
positives (a and b, Risser 1, 13
years old) and two false negatives
(c and d, 12 years old, Risser 2
and 0, respectively). Patients in a
and b had a Cobb angle of 20° at
their first exam, and a vertebral
axial rotation of the apex of 6 and
15°, respectively. Nevertheless,
when they reached Risser 3, their
deformity was not significantly
changed. On the other hand,
patients in ¢ and d had Cobb angle
of 10° and 12°, but only 6 months
later they significantly progressed

influence the outcome, such as the presence of scoliosis in the
family, the patient being pre- or post-menarche, and potential
brace-wear compliance [26]. In this framework, the potential

use of the severity index in clinical routine could be as fol-
lows: a patient presenting an index lower than 0.4 should not
end his follow-up, but rather increase the delay before the next

Fig. 6 Examples of how inadequate patient positioning can alter the
spinal geometry, and therefore affect the severity index. Two patients
(a, b) have positioned their arms too high, and the other two (¢, d) hold
their arms asymmetrically. Furthermore, the patient in d also presents a

different length of lower limbs. The patient in e shows a correct free-
standing position: the patient holds her elbows flexed and her fingers
level with the zygomatic arch. This improves visibility of the ribcage.
The head is in a natural position; the patients look straight in front of them



radiological exam. Similarly, an index higher than 0.6 does
not necessarily mean an immediate need of bracing, but it
should alert the patient, his or her parents, and the physicians
of an increased risk of progression.

The main strength of the present work is the multicenter,
multioperator, and international nature of the data collection
and processing: data was included from six clinical centers
in four different countries, and 3D reconstructions were per-
formed by six operators. Even with such heterogeneity of
data sources, the severity index correctly classified 83% of
AIS patients as stable or progressive. The positive predictive
ratio was 78%; in other words, if a patient was classified as
progressive, it progressed in 78% of the cases. Power anal-
ysis suggests that the severity index’s sensitivity and speci-
ficity were determined with a marginal error lower than 5%,
which of course could be further decreased with a larger
cohort. Furthermore, this study showed that the severity in-
dex was only marginally affected by the curve location,
showing comparable performance in those with typical ma-
jor thoracic, lumbar, and thoracolumbar curves. Hence, we
believe that this index is reasonably robust for routine clin-
ical use, provided that the appropriate acquisition protocols
are respected.
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