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Abstract

Background context Serial X-rays are needed during the follow-up of adolescent idiopathic scoliosis. They are done every
6 or 3 months in cases of high risk of progression. Thanks to the advances in ultrasound techniques, deformity measurement
systems free from ionizing radiations have been validated, although spinal surgeons did not use them routinely due to the
need of special software.

Objective The aim of our work is to assess the reproducibility and correlation of an ultrasound measuring system based on
the positioning of the transverse processes.

Study design Prospective, single center, randomized, triple blinded.

Methods Two independent researchers trained in ultrasound examined the spinal deformities of 31 children. The measure-
ments were compared against those performed with an X-ray by three scoliosis expert surgeons. Statistics were performed
by an independent researcher. Parametric methods were used.

Results We found a 95% [(0.91-0.97) p< 2.2¢71%] correlation between the degree of scoliosis measured with the pro-
posed ultrasound system and the 30 cm X 90 cm X-rays in standing position. There was an intra-observer reliability of
97% [r-squared =0.97; CI 95% (0.95-0.98) p <2.2¢~'°] and an inter-observer reliability of 95% [r-squared =0.95; CI 95%
(0.90-0.97) p <2.2¢719].

Conclusions An approximation of the Cobb angle measure is possible with ultrasound by using the transverse processes
as reference. This is a very rapid and simple system for assessing the principal spinal deformity measure in young people,
although it does not allow estimating the associated axial or sagittal rotation.

Graphic abstract
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Key points Take Home Messages
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Cobb angle can be assessed with a conventional ultrasonography device
1. This method allows to measure the Cobb angle with a single Smartphone as and a free app for a normal smartphone.

conventional ultrasonography device.
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It can be a useful method to reduce the radiation during the follow-up of
the Adolescent Idiopathic Scoliosis.

©

. It reduces the use of the X-ray during follow-up of adolescent idiopathic
scoliosis.
3. Once the learning curve has been improved, it is a fast and useful method
) ) ) ) ) to reduce the cumulative radiation due to the X-ray control of the
4. It can be done with devices that normally are available virtually in all the Correct axial image of the vertebra, required to be considered Adolescent Idiopathic Scoliosis.
hospitals. suitable for measurement. #: rib; *: transverse process; +:
spinous process; ¥: laminae.

3. Ithas a bigger learning curve than conventional radiographies.
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Introduction

Adolescent idiopathic scoliosis (AIS) is a progressive
three-dimensional spinal deformity with prevalence in
0.47-5.2% of the population and is up to three times more
frequent in women than in men [1, 2]. It occurs between
the ages of 11 and 18 years and accounts for 90% of idi-
opathic scoliosis in children [2].

The Cobb angle is the most important factor in the clas-
sification of the deformity and in the selection of treat-
ment [3-5]. It is also the fundamental element in the clas-
sification of the major curve according to Lenke in AIS
and SRS-Schwab in adult scoliosis, whose classification
system and recommendations are the most widely used
today [6, 7]. When the surgical criteria are established, it
is essential to take into account other parameters such as
shoulder height, dynamic radiographs, the central sacral
vertical line (CSVL), and the sagittal alignment [8]. How-
ever, there is no obligation to monitor these parameters
during follow-up, since a curve is considered progressive
when it increases 5° [9, 10].

Due to the pathology’s progression, it is necessary
to perform 30 cm X 90 cm serial radiographs to control
deformity every 6—12 months depending on the severity of
the deformity, since an advancement of this condition may
require a change in treatment from expectant to conserva-
tive or surgical [11]. An accelerated growth phase occurs
at the age of 11 in girls and 13 in boys, which may require
an increase in radiographic controls and is indicated as
well in curves of more than 20° in skeletally immature
patients (Risser 0—1) [12]. Radiographic controls should
be maintained until skeletal maturity is reached, which
implies a large amount of accumulated radiation that has
been shown to increase cancer mortality in women [13]. In
addition, radiographic studies increase the cost of patient
care both in the cost of radiographic studies and in the
increase in the required spinal consultations.

Due to the risks associated with ionizing radiation
and the obligatory nature of radiographic follow-ups, the
search for alternative systems for measuring the Cobb
angle at follow-up of these patients has been encouraged
[14]. This would therefore allow for a better spacing of
radiographic controls and a reduction in cumulative radia-
tion, among which the minimum radiation protocols (EOS)
[15, 16], the ultrasound assessment models of spinal coro-
nal deformity using specific software [17], and the pos-
terior three-dimensional reconstruction models based on
ultrasound [18] are highlighted. Devices such as 3D image
topography based on photographic techniques and sensors
[19] or percutaneous assessment of the spinous processes
[20] have not proven to be useful, leaving ultrasound as
the most promising tool at the present time.
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The main problem with ultrasound is that it is not able to
assess the inclination of the vertebral body, due to the acous-
tic shadow produced by the posterior column of the spine.
Chen et al. [21] described the vertebral posterior references
seen through ultrasound and highlighted the importance
of the spinous processes, the laminae, and the apophysis
or transverse processes. Later, the parallelism that exists
between posterior structures of the spine and the vertebral
body was demonstrated, with the transverse processes show-
ing a greater correlation [22]. The spinous processes are
perpendicular to the vertebral body in healthy patients, but
in patients with scoliosis these suffer an alteration in their
normal morphology, due to the forces of tension to which
they are subjected during the three-dimensional rotation of
the vertebral body. This phenomenon does not occur in the
laminae, which move together with the body [22].

Alternative processes to the radiographic ones for the cal-
culation of the Cobb angle based on the capturing of later
images of the vertebrae and their volumetric reconstruction
have been described, but no system that allows the meas-
urement of the Cobb angle with a conventional ultrasound
device has been outlined. The main reason for this is that the
Cobb angle involves the assessment of the coronal deformity
of one vertebra with respect to another that is too far away
to be captured in the same conventional ultrasound image.
Therefore, the devices that have been designed are based on
the reconstruction from multiple ultrasound images, which
require special equipment and software. All this makes the
technique more expensive and limits the accessibility of
most centers, thereby reducing its applicability. Our goal is
to develop and validate a Cobb angle measurement system
using a conventional ultrasound device and a conventional
smartphone, without the need for specific devices.

Materials and methods
Statistical method

In this cross-sectional study, after selecting patients who met
the inclusion criteria (n=97), randomization was achieved
through the use of a random number system until the esti-
mated needed number of patients was obtained (n=35),
in order to standardize the type of the curve and to avoid
selection bias. The inclusion criteria were: patients between
10 and 18 years diagnosed with AIS, presenting curves,
1 month before the ultrasonographic measurement, lower
than 45°, and who could autonomously maintain a standing
position. In this way, we ensure that there was no significant
progression in the curve between the X-ray and ultrasono-
graphic measurements.

The required sample size was calculated for a statistical
significance level of 0.05 and a beta error of 0.2, with an
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expected patient loss of 15% and a d value of 0.2, to analyze
the agreement percentage between the observers (Cohen’s
kappa analysis).

The degree of concordance between the radiographic and
ultrasound (Mindray DC-70 Exp. ultrasonographic device;
Samsung S8 Smartphone device; app Level of Google Com-
merce Ltd) measurements was analyzed using the Cohen
kappa correlation test. Agreement between the measure-
ments of the two investigators (JFT and PJG) occurred when
the measure of the angle on the ultrasound showed an error
of 5°, since this is the clinically relevant error according to
the literature [10]. The relationship between the Cobb angle
and the angle obtained by the ultrasound technique described
was analyzed, using a Pearson correlation system (R Foun-
dation for Statistical Computing 3.3.1, 2016).

The Cohen kappa test was preferred to analyze the agree-
ment [23], and it was assumed to be almost perfect when it
was higher than 90% [24].

The ultrasound measurement was blinded for radio-
graphic measurement, and vice versa. X-ray measurement
was considered the mean between three measures by inde-
pendent spine surgeons. The statistical results were analyzed
by a triple-blinded independent researcher.

The study was approved by the Medical Ethics Commit-
tee of the institution.

Ultrasound measurement method

The objective of the method is to obtain an ultrasound image
that contains both transverse processes. In a healthy patient,
this image is achieved by placing the transducer perpen-
dicular to the longitudinal axis of the spine, since it is in the
same direction as the vertebral body, the laminae, and the
transverse processes (Fig. 1). When the ultrasound is not
perfectly parallel to the laminae and the vertebral body, only
one of the two transverse processes can be observed (Fig. 2).

An apparatus was made to be able to attach a smartphone
to the ultrasound transducer, and a 0° balance reading was
taken prior to the ultrasound measurement. That way when

Fig. 1 Reference image that must be obtained to measure the Cobb
angle. #: rib; *: transverse process; ¥: lamina; +: spinous process

Fig.2 In this picture, the right transverse process is not seen, and it
must be improved before measuring the Cobb angle

the ultrasound was placed completely perpendicular to the
longitudinal axis of the spine, the inclinometer would read 0°.
Thus, when the ultrasound transducer was rotated clockwise/
counterclockwise, the degrees of inclination being applied
were visible. Hence, in a normal vertebra, the obtaining of
the image described was achieved without having to rotate the
ultrasound transducer, and the transducer inclination was 0°.
When a rotation occurs in the coronal plane, the tilting of the
transducer to obtain the image described is necessary, and the
degrees necessary to tilt it are equal to the degrees of inclina-
tion that a vertebra presents in relation to the horizontal.
This process was carried out for upper and lower end ver-
tebrae previously examined during the first ultrasound visit.
Each presented a degree of inclination in an opposite direc-
tion, so to obtain the image described the transducer had to
be tilted clockwise in one and counterclockwise in the other.
By adding the absolute values of the degrees with respect
to the horizontal of both vertebrae, the total inclination of
one vertebra in relation to the other was obtained, which is a
measurement comparable to the Cobb angle (Fig. 3).

Results

The agreement between radiography measurement and ultra-
sound measurement was very high [Cohen’s kappa=0.93;
CI95% (0.86-0.97 p=0.023].

The ultrasound measurement was strongly correlated with
the radiographic measurement [r-squared =0.957; CI 95%
(0.91-0.97) p <2.2e~'®] (Fig. 4). The intra-observer relia-
bility was very high [r-squared=0.97; CI 95% (0.95-0.98)
p <2.2¢71%] (Fig. 5). The inter-observer reproducibility was
high [r-squared =0.95; CI 95% (0.90-0.97) p <2.2e~'9]
(Fig. 6). There was a very little disagreement between the
PI and the Co-I. We did not have any difference superior to
5° between the first and the second measure of the PI. The
mean age was 14, 87 years (SD=2.17) with a normal dis-
tribution (Shapiro—Wilk p =0.1). The mean Cobb angle in
the echography group was 25.83 (SD =9.84) with a normal
distribution (Shapiro—Wilk p=0.48), and in the radiography
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Fig.3 The Cobb angle is the absolute value of the sum of the inclina-
tion of the upper end vertebra and the lower end vertebra regarding

the ground level

40

304

Mean.Cobb Pl

10+

oo

Fig.4 Agreement between X-ray and ultrasonography measurements

of the Cobb angle

group, it was 25.61 (SD=9.78) with a normal distribution
(Shapiro—Wilk p=0.75). For this reason, parametric statisti-

cal tests were used.
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Fig. 6 Interobserver reliability

The study ended when the necessary number of prede-
fined patients was obtained in the study (n=31). Eighty-
seven percent were women and 13% were men. There was
a total loss of four patients after randomization that did not
come to the hospital to be measured with the ultrasono-
graphic method for personal reasons.
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Fig.7 The transverse processes are more reliable than the laminae
to assess the inclination of the vertebra with the Center of Lamina
(COL) theorem

Discussion

This Cobb angle is the frame of reference used during
therapeutic decision making at present and is the parameter
most measured during the follow-up. Although the defini-
tive treatment does not depend solely on the Cobb angle,
the progression of the deformity in the axial and sagittal
planes without alterations in the coronal plane is rare in AIS.
Therefore, the absence of changes in the coronal deformity
is a good element to use to be able to monitor the deformity
in the rest of planes [25-27].

It is not possible to capture an image of the two end ver-
tebrae with a normal ultrasound image. Therefore, in order
to obtain the relative coronal inclination of one vertebra
in relation to the other, a common reference point must be
established. This study uses the horizontal as a pivot point,
since by means of a conventional digital inclinometer the
inclination of a conventional ultrasound transducer in rela-
tion to this horizontal can be obtained.

When observing an ultrasound image that contains both
transverse processes in the thoracic vertebrae, or both trans-
verse apophyses in the lumbar vertebrae, a view of an axial
section of the vertebra is obtained, and our ultrasound needs
to be parallel to the vertebral body to get it. Thus, to obtain
a similar image in a vertebra with inclination in the coro-
nal plane, we must tilt our ultrasound transducer the same
number of degrees that the vertebra presents, while the incli-
nometer or the smartphone indicates the measurement in
degrees. By performing this maneuver in both vertebrae, the
inclination of each of the vertebrae in relation to the horizon-
tal is ascertained, and by adding their absolute values, the
relative inclination of both end vertebrae is reached, which
is comparable to the Cobb angle.

To be able to carry out this process, it is essential to first
obtain a control X-ray of the end vertebrae. Once the end
vertebrae are defined with X-ray, we locate the last rib.
This rib will finish medially next to T12 transverse process.
Then, we can locate our end vertebra counting backward or
forward locating the transverse processes of the upper and
lower vertebrae.

Fig.8 Clinical scenario of the method application

It is possible to perform the same procedure without
previous radiography as a screening system, but it requires
more time since the assessment of the inclination of all the
vertebrae must be carried out beforehand and this procedure
is both expensive and slow.

The success of measuring correctly is based on obtaining
a good ultrasound image that allows a view of both trans-
verse processes. The reason for using this anatomical refer-
ence and not the laminae, as described in other studies, is
that they are narrower and more lateral elements. Therefore,
the tangent formed between the lowest point and the highest
point of the transverse processes is smaller than that formed
in laminae, especially at the level of the thoracic vertebrae.
The smaller the tangent of this angle, the lower the risk of
error, which would occur when obtaining an image of the
two transverse processes, but where the lower limit of one
and the upper limit of the other are observed (Fig. 7).

This method has a reduced reliability with curves greater
than 45°, since a severe deformity in the axial plane favors
the anterior displacement of the transverse processes, which
limits ultrasound access and makes it difficult to obtain the
necessary image to verify the correct position of the trans-
ducer. Even so, when the curve exceeds 45°, it is necessary
to evaluate other parameters more carefully such as axial
rotation and sagittal balance, for which radiography is essen-
tial. Therefore, in the case of identifying a progression in the
deformity that approaches the limits that would indicate a
change in therapeutic treatment, it would be convenient to
perform a conventional radiographic study in order to meas-
ure other modifiers that would allow for the optimization of
the surgical indication.

Still, this system allows for a significant reduction ion-
izing radiation in the follow-up of non-surgical AIS curves,
which ensures good reproducibility and reliability of the
results. Also this system maintains intra-observer and
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inter-observer variability similar to that obtained with the
radiographic measurements of our study, which coincides
with the bibliography [17, 25].

One of the main problems, however, of this method is
the learning curve of the ultrasonography. It is necessary
to measure the angle just when the perfect axial image is
obtained; otherwise, it could be wrong. Also, although stud-
ies have shown that free smartphones apps have a great sen-
sibility to measure inclination [28], more studies are needed
to verify our method with specific apps (Fig. 8). In addition,
the patient needs to be very collaborative to perform the
measurement properly, and the doctor must verify clinically
that the patient is properly standing when the measure is
taken in order to avoid postural changes that modify the real
Cobb angle value.

Finally, it must be assumed that the end vertebra can
change during the follow-up. To avoid this error, we recom-
mend studying the concomitant vertebrae to the previously
known end vertebra. If the end vertebra has changed, the
upper or the lower vertebrae closer to the end vertebra must
be more tilted than the previous end vertebra. In that case,
the most tilted vertebra must be assumed to be the new end
vertebra.

To sum up, this system reduces the ionizing radiation
during the follow-up of children with adolescent idiopathic
scoliosis without a conventional ultrasound device and a
smartphone app. A conventional ultrasound device is read-
ily available in virtually all hospitals, and although they are
not normally in the doctor’s box, they are easily available
in the hospital, and most doctors have smartphones that are
compatible with a digital inclinometer. Hence, the proposal
of this low-radiation system as highly applicable for clinical
use for measuring the Cobb angle in incipient AIS.
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