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ABSTRACT

BACKGROUND: Scoliosis is one of the most common spinal deformations that are usually diagnosed on frontal radiographs
using Cobb’s method. Automatic measurement methods based on artificial intelligence can overcome many drawbacks of the
usual method and can significantly save radiologist’s time.

AIM: To analyze the accuracy, advantages, and disadvantages of a newly developed artificial intelligence program for the
automatic diagnosis of scoliosis and measurement of Cobb'’s angle on frontal radiographs.

MATERIALS AND METHODS: In total, 114 digital radiographs were used to test the agreement of Cobb's angle measurements
between the new automatic method and the radiologist using the Bland—Altman method on Microsoft Excel. A limited clinical
accuracy test was also conducted using 120 radiographs. The accuracy of the system in defining the scoliosis grade was
evaluated by sensitivity, specificity, accuracy, and area under the receiver operating characteristic curve.

RESULTS: The agreement of Cobb's angle measurement between the system and the radiologist's calculation was found
mostly in grade 1 and 2 scoliosis. Only 2.8% of the results showed a clinically significant angle variability of >5°. The diagnostic
accuracy metrics of the limited clinical trial in City Mariinsky Hospital (Saint Petersburg, Russia) also proved the reliability of the
system, with a sensitivity of 0.97, specificity of 0.88, accuracy (general validity) of 0.93, and area under the receiver operating
characteristic curve of 0.93.

CONCLUSION: QOverall, the artificial intelligence program can automatically and accurately define the scoliosis grade and
measure the angles of spinal curvatures on frontal radiographs.
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AHHOTALIMA

06ocHoBaHMe. CKoNMO3 — 0fiHA U3 CaMblX PacnpOCTPaHEHHbIX AedopMaLmii NO3BOHOYHMKE, KOTOPYHO 00bIYHO AMarHoCTUpY-
10T C NOMOLLbI0 BPOHTaNbHbLIX cnoHaunorpaMM no Metoay Kobba. ABToMaTuyeckue MeToabl U3MepEHUS, OCHOBaHHbIE Ha UC-
KYCCTBEHHOM WHTEJ/IEKTe, KOMMEHCUPYIOT MHOTME HEeAO0CTaTKW CTaHAApPTHbIX METOAOB U MOMYT 3HAUUTENbHO CIKOHOMUTb
BpEMS Bpaya-peHTreHonora.

Llenb — npoaHanuaupoBaTb TOYHOCTb, MPEMMYLLECTBA W HELOCTaTKM HOBOW MPOTpaMMbl WCKYCCTBEHHOTO WHTENEKTa
Npy1 aBTOMAaTUYECKOM OMpefieSieH N CTEMEHN CKONMo3a U u3MepeHun yrna Kobba Ha GpoHTanbHbIX peHTreHorpaMMax.
Matepuanbl U Metoabl. Becero uccnenoBaHo 114 peHTreHorpamMm Ha npeaMeT cooTBeTcTBusA M3MepeHui yrna Kobba, Bbi-
MOJHAEMbIX aBTOMATUYECKM NPOrpaMMON UCKYCCTBEHHOrO MHTENIEKTA U PEHTIEHO/IONOM C UCMONIb30BaHWeM MeTofa bnek-
pa—AnbTMaHa B nporpamme Microsoft Excel. KpoMme Toro, 6binn npoBefeHbl KIMHUYECKUE UCTIbITaHUE TOYHOCTU CUCTEMBI
C WUCMOMb30BaHMEM OTpaHuyueHHbIX AaHHbIX (120 peHTreHorpamm). TOYHOCTb CUCTEMBI B OMPEAENIEHUN CTEMEHN BbIpaXKeH-
HOCTU CKOJIN03a OLIEHMBaNM MO MOKa3aTensM YyBCTBUTENBHOCTM, CNeLMdUYHOCTH, TOUHOCTW U nnowaau nog, ROC-KpuBoii.
Pe3synbTathl. bonblue cornacoBaHHocTM B M3MepeHusx yrna Kob6a, BbIuMCAeMbIX MPOrpamMMoi UCKYCCTBEHHOO UHTESIEKTA
W PEHTTEHOMOrOM, HalMAeHo B rpynnax ckonumo3a | u Il crenenu. Tonbko B 2,8% cnydyaes Habnofanack KIMHUYECKM 3HaUMMas
pasHuua B u3mepeHum yrioe Kobba (BapuabenbHocTb >5°). [oKasaTenu AUarHOCTUYECKOM TOYHOCTH, MOJyYEHHbIE B X04e
OrpaHWYEHHOr0 KITMHUYECKOro UCCIef0BaHNA B ropoackon MapuuHckoii 6onbHuue (CaHKT-eTepbypr), TakxKe noLTBEpAUIH
HafEXHOCTb CUCTEMBI: YyBCTBUTENbHOCTL cocTaBmna 0,97, cneundmyHocts — 0,88, TouHocTb (06wwas BanuaHocts) — 0,93,
a nnowaap nog ROC-kpuson — 0,93.

3aksioueHme. B Lenom, nporpaMMa UCKYCCTBEHHOMO MHTEN/IEKTA MOXET aBTOMAaTUYECKU TOUHO ONpefensTh CTENEHb Bbipa-
JKEHHOCTW CKOMMO3a, a TaKXKE U3MEPATb Yriibl UCKPUBNEHWS NO3BOHOYHMKA Ha QPOHTANbHBIX CMOHAMOrPaMMaX.

KnioueBble cnoBa: cCKonmos; MCKYCCTBEHHbIﬁ MHTEJIIEKT, N03BOHOYHUK.
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INTRODUCTION

Scoliosis is a common spinal pathology that can affect any
age group. It is usually defined as a lateral spinal curvature
in the coronal plane with an angle of >10° and torsion of
the vertebral bodies and their posterior elements. Scoliosis
is mainly diagnosed based on frontal radiographs. Cobb's
method is considered the gold standard method to measure
the scoliosis angle [1-8]. In recent years, many researchers
have actively explored the use of artificial intelligence (Al)
for evaluating scoliosis on different imaging modalities
to objectify scoliosis evaluation and decrease intra- and
interobserver measurement variability of Cobb’s method
[9-14].

In this study, a new program based on machine learning
was developed. In the first stage of system development, an
artificial neural network was trained so that it can identify
vertebral bodies automatically. Accordingly, 1,000 images
were selected from the database (XrScl) [15]. Vertebral
bodies in each image were marked by identifying their
boreder susing four reference points, and all thoracic and
lumbar vertebrae found on each image were numbered.
After the training, the network could independently define
the vertebral bodies and their numbers. In the second stage,
Cobb’s angle was measured automatically, and scoliosis
grade was determined automatically by the algorithm. Three
methods can be used to measure Cobb’s angle using the
automatic system: (1) the classical Cobb’s method, where
the scoliosis angle is measured between the upper and
lower endplates of the upper and lower end vertebrae (EV),
respectively; (2) the method which is used in practice by
radiologists (at Mariinsky City Hospital), where the scoliosis
angle is constructed between the maximally inclined upper
or lower endplates of the EV, and (3) the method of middle
lines, in which the scoliosis angle is constructed between the
lines drawn along the midpart of the vertebral bodies of the
EV. The accuracy of the new automatic system was tested in
measuring Cobb’s angle and in defining the scoliosis grade.

STUDY AIM

To analyze the accuracy, advantages, and disadvantages
of a newly developed Al program for automatic diagnosis of
scoliosis and measurement of Cobb’s angle on frontal spinal
radiographs.

MATERIALS AND METHOD
Study Design

This is a diagnostic accuracy study.

Study Description and Statistical Analysis

To assess the reliability of the program in measuring
Cobb’s angle, 114 digital spinal radiographs and chest X-ray
(CXR) images, were selected from the database XrScl (test
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set 1) [15]. This database includes >2,500 radiographs; thus,
we could use different sets of images for the training and
evaluation of the system. The agreement of Cobb's angles
measured by the new automatic program and the radiologist
was tested using the Blant-Altman method on Microsoft
Excel. The mean difference between the two methods (*hias”)
and 95% limits of agreement (2 standard deviations [SD]) was
calculated. Only the angles that were obtained by both the
radiologist and the Al system were compared.

To test the possibility of using the new system in medical
practice, a limited clinical test was conducted in Mariinsky
City Hospital. For this study, 120 radiographs were collected
from the archive of Mariinsky City Hospital and G.A. Albrecht
Federal State Budgetary Research Center (test set 2). The
reliability of the system in defining the scoliosis grade was
tested by calculating sensitivity as TP/(TP + FN), specificity
as TN/(TN + FP), accuracy as (TP + TN)/(TP + TN + FP + FN),
and area under the receiver operating characteristic curve
(ROC AUC), where TP, TN, FP, and FN indicated true positive,
true negative, false positive, and false negative, respectively.

The radiographs in data sets 1 and 2 were evaluated by
two radiologists, one with more than 25 years of experience
and the other of more than 9 year-experience.

RESULTS
Study Subjects

In test set 1, the radiographs were distributed into
four severity groups (according to Russian Federation Law
No. 565 [16]) as follows: grade I (5°-10°, 16%); grade Il
(11°-25°, 15%); grade IIl (26°-50°, 16%), and grade IV
(>50°, 16%). A normal group (grade 0) was added to this
classification (<5°, 37%). Moreover, 179 angles which
ranged from 5.1° to 91.3°were found by both the radiologist
and the system.

For the limited clinical test of the system, test set 2
was divided into normal or pathologic (with scoliosis) in
equal groups (60 radiographs for each). The images with
scoliosis were evenly distributed into four grades from 1 to
4 (15 studies for each grade).

Primary Findings

The agreement of Cobb’s angle measurements between
the system and the radiologist was found mostly in grade
1 and 2 scoliosis, with an average measurement difference
of -0.10 and 0.46 and SDs of 1.29 and 1.73, respectively.
Angles measured by the two methods differed by <4.5° in
95% of cases in all scoliosis grades, except for the group
with grade 3 scoliosis, where the 95% of the variability (limits
of agreement) ranged from -6.60° to 7.85°. The largest SD
(3.69°) was found also in this group. The results of statistical
data analysis for each scoliosis grade are presented in Fig. 1
and 2 (Bland-Altman plots) and Table 1. Only 2.8% of the
results were clinically unsatisfying with an angle variability
of >5°.
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Fig. 1. Results of the Bland—Altman method. Agreement between measurements of the two methods in radiographs with grade 1 and 2

scoliosis.

The diagnostic accuracy metrics of the limited clinical test
in Mariinsky City Hospital using (test set 2) also proved the
reliability of the system in defining the scoliosis grade, with
a sensitivity of 0.97, specificity of 0.88, accuracy (general
validity) of 0.93, and ROC AUC of 0.93 (Fig. 3). For each study,
the average analysis time of the image by the newly proposed
system was 5 s. These results confirm the effectiveness of the
system in determining the scoliosis grade.

DISCUSSION

Summary of Primary Findings

The bulk of this work was performed in a hospital
where adolescents are screened for scoliosis, as part

of multiple examinations for medical commissions, to
determine whether adolescents match the criteria for
army enlistment. Thus, radiographs in test set 1 and test
set 2 were divided according to the severity classification
included in Federal Law No. 565, where any small curves
with angles <10° are considered grade 1 scoliosis [16]. The
new automatic system for evaluating scoliosis on digital
radiographs can help radiologists to define the scoliosis
grade and measure the curve's angle, particularly in
situations such as screening for scoliosis and at times of
heavy workload in outpatient clinics. In these situations,
radiologists can use the program as an objective tool,
increasing the accuracy of scoliosis evaluation on frontal
radiographs because the interobserver variability can

Table 1. Statistical parameters for evaluating the agreement between the two methods

Parameter Grade 1 Grade 2 Grade 3 Grade 4
Mean difference -0.10 0.46 0.62 0.00
Standard deviation 1.29 173 3.69 2.32
Upper limit of agreement 2.43 3.84 7.85 456
Lower limit of agreement -2.63 -2.93 -6.60 -4.55

BOI: https://doi.org/10.17816/DD630093
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Fig. 2. Results of the Bland—Altman method. Agreement between measurements of the two methods in radiographs with grade 4 scoliosis.

be avoided if radiologists use the same instrument. acceptable, with no significant clinical variability in most
Moreover, it can significantly save the radiologist’s time.  of the evaluated curves. Fig. 4 shows an example of how
In addition, Cobb’s angles measured by the system were  the system works.
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Fig. 3. ROC curve confirms the accuracy of the new Al program in defining the scoliosis grade.
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Fig. 4. X-ray image showing grade 2 scoliosis. Analysis by the system (left) and by the radiologist (right). The radiologist did not measure the

thoracolumbar curve as the lower EV is not shown in the image.

Discussion of Primary Findings

The proposed program provides multiple options for the
radiologist to measure Cobb'’s angle in three different methods.
These options can help radiologists, particularly if he/she does
not use the standard Cobb’s angle measurement method
(such as that used in Mariinsky City Hospital when screening
for scoliosis). The step of choosing the most tilted endplate is
time consuming and can cause interobserver measurement
variability. Therefore, the ability to objectively and automatically
define the most tilted endplates, which form the largest angle
in one curve, would be beneficial for the radiologist.

In addition, when using the program, the radiologist
can change vertebral markings made by the system

Fig. 5. Errors in vertebral markings on radiographs with grade 0 (normal). In CXR images, poor definition of the vertebral borders may

lead to false measurements.

DOl https://doiorg/10.17816/DD630093

automatically. This is very essential to overcome any errors in
vertebral markings that can cause a false final result. Further
analysis of the results showed that the inaccurate marking of
vertebral bodies and their borders predominantly led to less
accurate results of angle measurement and scoliosis grade
definition. This was mainly seen when evaluating scoliosis
in poor-quality images and CXR images. The borders of the
midthoracic vertebrae in CXR images usually are not seen
posterior to the mediastinum. Multiple normal CXR images
(grade 0, defined by the radiologist) were recognized by the
system as grade 1 scoliosis because of detecting an FP curve
(proximal or midthoracic curve) (Fig. 5). Other common error
was also seen in marking the borders of L5 vertebral body

249
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Fig. 6. Errors in vertebral markings on radiographs with grade 0 (normal). Errors in defining the L5 vertebral body may lead to false

positive curve detection (left).

(Fig. 6). The adjacent bony structures (adjacent sacrum and
iliac bones) limit the definition of L5 borders, particularly its
lower endplate.

Regarding errors in evaluating images with group 0
scoliosis, most of the measurements by the Al system

resulted in angles with >5° but very close to it. However,
such minimal variability in measurements between the
system and the radiologist led to a change in the grade from
0 to 1 (Fig. 7). The majority of such angles (70%) were found
in the range of 5°-6°, as shown in the pie chart (Fig. 8).

Fig. 7. Errors of the system in evaluating images with grade 0 scoliosis. Cobb’s angles measured by the radiologist (left) and the Al system
(right). Measurement variability is not significant (1.4°); however, the scoliosis grade is 0 by the doctor and 1 by the system.

DAl https://doi.org/10.17816/DD630093
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Fig. 8. Distribution of angles measured by the Al system on normal
X-ray images; 70% of the 5°—6° range.

In addition, in most cases, the system accurately evaluated
radiographs with severe scoliosis (grades Ill and IV), although
errors in vertebral detection and numbering or errors in
measuring Cobb’s angle sometimes were noted. Grade IV
scoliosis is characterized by maximum vertebral rotation, with
displacement of the pedicle beyond the midline and deformation
of the vertebral body. Thus, the usual shape of the vertebra
changes, and the edges of its body become less defined (Fig. 9).

In some cases, the accuracy of the system in diagnosing
grade Ill or IV scoliosis was not affected by significant

Fig. 9. Specifications of vertebral marking
in radiographs with grade 3 and 4 scoliosis.
Errors in detection and numbering of
vertebrae caused by the unusual shape of
the vertebrae (yellow arrow).

grade.

Vol.5 (2) 2024
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measurement variability of Cobb’s angle between the system
and the radiologist. Usually, these errors had been mainly
found when assessing a nonprimary (secondary) curvature
(Fig. 10).

As another limitation, the proposed Al program can
only be used to evaluate frontal radiographs. This system
cannot evaluate scoliosis on sagittal radiographs and other
modalities such as CT.

Most of the abovementioned errors of the system can
be fixed by the radiologists when they are using the system
because they are provided with an access to change vertebral
markings to get more accurate results. The time needed to
obtain the results even if the radiologist must make changes
in the automatic vertebral markings done by the system was
still shorter than getting the results through the usual Cobb’s
method. In addition, in the future, we believe that vertebral
marking will be more accurate when providing the network
with a much larger dataset.

CONCLUSION

The automatic system can be used as a reliable
objective tool to define the scoliosis grade and measure
Cobb’s angle on frontal spinal radiographs, significantly
saving the radiologist's time. Major factors that can affect
the results of the program are the quality of the radiographs
and accuracy of the vertebral markings. Those factors can

Fig. 10. Grade 3 scoliosis diagnosed by the radiologist (left) and the Al system (right).
Significant variability in measuring the lumbar curve (7.8°) did not affect the overall scoliosis
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be overcome in practice when using the program, as the
radiologist can correct the vertebral markings and obtain
the best results.
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