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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: Overall, 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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Новая интеллектуальная система 
для автоматической диагностики сколиоза 
по фронтальным рентгенограммам позвоночника: 
точность, преимущества и ограничения
Д.Х.И. Кассаб1, И.Г. Камышанская1, С.В. Трухан2

1 Санкт-Петербургский государственный университет, Санкт-Петербург, Россия;
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АННОТАЦИЯ
Обоснование. Сколиоз — одна из самых распространённых деформаций позвоночника, которую обычно диагностиру-
ют с помощью фронтальных спондилограмм по методу Кобба. Автоматические методы измерения, основанные на ис-
кусственном интеллекте, компенсируют многие недостатки стандартных методов и могут значительно сэкономить 
время врача-рентгенолога.
Цель — проанализировать точность, преимущества и недостатки новой программы искусственного интеллекта 
при автоматическом определении степени сколиоза и измерении угла Кобба на фронтальных рентгенограммах.
Материалы и методы. Всего исследовано 114 рентгенограмм на предмет соответствия измерений угла Кобба, вы-
полняемых автоматически программой искусственного интеллекта и рентгенологом с использованием метода Блен-
да–Альтмана в программе Microsoft Excel. Кроме того, были проведены клинические испытание точности системы 
с использованием ограниченных данных (120 рентгенограмм). Точность системы в определении степени выражен-
ности сколиоза оценивали по показателям чувствительности, специфичности, точности и площади под ROC-кривой.
Результаты. Больше согласованности в измерениях угла Кобба, вычисляемых программой искусственного интеллекта 
и рентгенологом, найдено в группах сколиоза I и II степени. Только в 2,8% случаев наблюдалась клинически значимая 
разница в измерении углов Кобба (вариабельность >5°). Показатели диагностической точности, полученные в ходе 
ограниченного клинического исследования в городской Мариинской больнице (Санкт-Петербург), также подтвердили 
надёжность системы: чувствительность составила 0,97, специфичность — 0,88, точность (общая валидность) — 0,93, 
а площадь под ROC-кривой — 0,93.
Заключение. В целом, программа искусственного интеллекта может автоматически точно определять степень выра-
женности сколиоза, а также измерять углы искривления позвоночника на фронтальных спондилограммах.
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用脊柱正面 X 光片自动诊断脊柱侧弯的新型智能系
统：准确度、优势和局限性
Dima Kh.I. Kassab1, Irina G. Kamyshanskaya1, Stanislau V. Trukhan2

1 Saint Petersburg State University, Saint Petersburg, Russia;
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摘要

论证。脊柱侧弯是最常见的脊柱畸形之一，通常使用 Cobb 方法正面 X 光片进行诊断。基于人工智

能的自动测量方法弥补了标准方法的许多不足，可以大大节省放射科医生的时间。

目的是分析一种新的人工智能程序在通过自动测量正面 X 光片上的 Cobb 角来评估脊柱侧弯程

度方面的准确度和优缺点。

材料和方法。共检查了 114 张 X 光片，以确定人工智能软件自动测量的 Cobb 角与放射科医生

使用 Microsoft Excel 中的 Bland–Altman 方法测量的 Cobb 角是否一致。此外，还使用有限

的数据（120 张 X 光片）进行了临床准确度测试。通过灵敏度、特异性、准确度和 ROC 曲线下面

积评估了该系统在确定脊柱侧弯严重程度方面的准确度。

结果。I度和II度脊柱侧弯组中，人工智能程序和放射科医生计算出的 Cobb 角测量值更加一致。只

有 2.8% 的病例在 Cobb 角测量值上存在显著的临床差异（差异大于 5°）。在 Mariinsky City 

Hospital（圣彼得堡）进行的有限临床试验中获得的诊断准确度值也证实了该系统的可靠性：灵敏

度为 0.97，特异性为 0.88，准确度（总体有效性）为 0.93，ROC 曲线下的面积为 0.93。

结论。一般来说，人工智能程序可以自动准确地确定脊柱侧弯的严重程度，并利用正面 X 光片测量

脊柱弯曲的角度。

关键词：脊柱侧弯；人工智能；脊柱。
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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 (AI) 
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 AI 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 

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 (“bias”) 
and 95% limits of agreement (2 standard deviations [SD]) was 
calculated. Only the angles that were obtained by both the 
radiologist and the AI 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 II 
(11°–25°, 15%); grade III (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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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 

Fig. 1. Results of the Bland–Altman method. Agreement between measurements of the two methods in radiographs with grade 1 and 2 
scoliosis.

ORIGINAL STUDY ARTICLES

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 1.73 3.69 2.32

Upper limit of agreement 2.43 3.84 7.85 4.56

Lower limit of agreement −2.63 −2.93 −6.60 −4.55
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Fig. 3. ROC curve confirms the accuracy of the new AI program in defining the scoliosis grade.
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be avoided if radiologists use the same instrument. 
Moreover, it can significantly save the radiologist’s time. 
In addition, Cobb’s angles measured by the system were 

acceptable, with no significant clinical variability in most 
of the evaluated curves. Fig. 4 shows an example of how 
the system works.

Fig. 2. Results of the Bland–Altman method. Agreement between measurements of the two methods in radiographs with grade 4 scoliosis.
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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 

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 

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.

DOI: https://doi.org/10.17816/DD630093
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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.
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(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 AI 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. 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).

DOI: https://doi.org/10.17816/DD630093

Fig. 7. Errors of the system in evaluating images with grade 0 scoliosis. Cobb’s angles measured by the radiologist (left) and the AI system 
(right). Measurement variability is not significant (1.4°); however, the scoliosis grade is 0 by the doctor and 1 by the system.
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In addition, in most cases, the system accurately evaluated 
radiographs with severe scoliosis (grades III 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 III or IV scoliosis was not affected by significant 

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 AI 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. 8. Distribution of angles measured by the AI system on normal 
X-ray images; 70% of the 5°–6° range.

>7°
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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).

Fig. 10. Grade 3 scoliosis diagnosed by the radiologist (left) and the AI system (right). 
Significant variability in measuring the lumbar curve (7.8°) did not affect the overall scoliosis 
grade.
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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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