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due to discrepancies between ATR and the Cobb
angle
Marek Kluszczyński  (  kluszcztroniny@gmail.com )

Uniwersytet Humanistyczno-Przyrodniczy im Jana Dlugosza w Czestochowie https://orcid.org/0000-
0002-3187-9279
Jacek Wąsik 

Uniwersytet Humanistyczno-Przyrodniczy im Jana Dlugosza w Czestochowie
Dorota Ortenburger 

Uniwersytet Humanistyczno-Przyrodniczy im Jana Dlugosza w Czestochowie

Research article

Keywords: angle of trunk rotation, early diagnosis of scoliosis, scoliosis prevention

Posted Date: May 5th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-22512/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-22512/v1
mailto:kluszcztroniny@gmail.com
https://orcid.org/0000-0002-3187-9279
https://doi.org/10.21203/rs.3.rs-22512/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/13

Abstract
Background This research analysed discrepancies between the angle of trunk rotation (ATR) and the
Cobb angle, in order to study if the commonly used 7° cut-off threshold for ATR helps diagnose scoliosis.
In early stadia of scoliosis in children, ATR and the Cobb angle often disagree, increasing the risk of a
false diagnosis: while the former does not suggest scoliosis, the latter does.

Methods The study analysed ATR clinical parameters and the Cobb angle in the X-ray pictures of 117 (23
boys and 94 girls, aged 6–17 years) children who had not yet started treatment and whose X-ray pictures
showed the Cobb angle of at least 10°, indicating idiopathic scoliosis. The degrees of lumbar lordosis
and thoracic kyphosis were measured using the Saunders inclinometer, and back asymmetry was
measured with Adam’s forward bend test using the Bunnell scoliometer. In the X-ray pictures, the
curvature angle was plotted according to the Cobb method. The patients were strati�ed based on their
age, and their ATRs and Cobb angles were compared.

Results Although all the children had the Cobb angle over 10°, in 69 out of 117 (59%), ATR was below 7%.
So, using the 7° cut-off threshold rule, scoliosis would not be diagnosed in those children. This shows
that the two tests often disagree, suggesting that the 7° cut-off threshold or ATR is ineffective in
diagnosing scoliosis.

Conclusions To improve the method for diagnosing scoliosis based on ATR, consideration should be
given to lowering the 7° ATR cut-off threshold.

Background
Treatment of lateral spinal curvatures in children has changed in the last twenty years. Nowadays,
scientists and clinicians gathered around the three most important scienti�c societies in this �eld – SRS,
SOSORT and IRSSD – stress that, to be effectively treated, scoliosis need to be early diagnosed and
followed by conservative medical treatment [1–5]. Consistently applied, the approach leads to a twofold
reduction in the number of surgeries for an unchanged incidence rate [6].

The basic criterion to diagnose scoliosis is ATR (Angle of Trunk Rotation), the angle of trunk rotation in
Adam’s forward bend test. Currently, scoliosis is diagnosed for ATR equal or higher than 7° [3, 7–9].

Ideally, ATR in an X-ray picture should strongly correlate with the Cobb angle, a discrepancy between them
being unlikely. If this ideal scenario were the case, scoliosis would be simple to diagnose: should the
angle – whether ATR or Cobb – exceed the corresponding cut-off threshold, scoliosis would be
diagnosed. And it would not really matter which of the two angles one used, both being equally e�cient.
The world is not ideal, however – at least not the orthopaedics world. According to the literature, far too
often orthopaedists face situations in which one of the two angles exceeds the corresponding threshold
while the other does not. So, practice shows that ATR and the Cobb angle are not as correlated as theory
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suggests. Such weak correlation is often observed in the lumbar spine [10]. This phenomenon may lead
to both false negative and false positive scoliosis diagnoses.

In this paper, thus, we analyse discrepancies between ATR and the Cobb angle in X-ray pictures of young
children who are to start treatment in a scoliosis treatment centre. If we do �nd signi�cant discrepancies
between them, the method for diagnosing scoliosis using either ATR or the Cobb angle should be
reconsidered.

Methods

Hypothesis
The research veri�es the research hypothesis that the 7° cut-off threshold for ATR is too high to diagnose
all instances of scoliosis.

Participants
The participants were selected from among 351 children of 6–17 years registered in the Children
Rehabilitation Centre “Troniny” (which specialized in scoliosis treatment) from January 2011 to
September 2014. Included were patients who had a valid X-ray picture of the spinal curvature and showed
features of idiopathic scoliosis represented by the Cobb angle of 10° or greater [3, 11]. Excluded were
those who had other spinal deformities or neurological disorders, especially paresis or paralysis, mental
retardation, orthopaedic disorders that may affect the spine, post-traumatic and postoperative conditions
of the limbs and spine, and shortening or congenital limb deformities. Out of the 351 children, 117 met
these criteria: 23 boys and 94 girls of 6–17 years of age (the mean of 13.0 and the standard deviation of
2.8 years).

Measurements
The study included the children’s clinical assessments, which consisted a degree of lumbar lordosis, a
degree of thoracic kyphosis (both measured with a Saunders inclinometer), and back asymmetry
(measured using Adam’s forward bend test, with the help of a Bunnell scoliometer). Moreover, the children
underwent standard medical examinations, including the assessment of the functional length of the
lower limbs according to the Derbolowsky test, and the visual and functional assessments of joints of the
lower limbs and of the child’s gait. In the X-ray pictures, the size of the curvature angle was measured
according to Cobb.

To �nd out whether ATR and the Cobb angle were related, we compared them in the X-rays of the 117
participants. We used the SOSORT consensus [3], which considered three ranges of the Cobb angle in
scoliosis: 10–14°, 15–21°, and over 21°. Thus, scoliosis is diagnosed when the Cobb angle reaches or
exceeds 10°. SOSORT recommends conservative treatment when the Cobb angle exceeds 15°; when it
exceeds 21°, brace treatment should be used [12].

Evaluation of the ATR test
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We used the following methods to evaluate the diagnostic value of ATR test: responsiveness testing,
speci�city testing, and the positive and negative predictive values of the test.

Statistical analysis
We used the chi-square test to study the agreement between the diagnoses based on ATR and the Cobb
angle. Statistical analysis was conducted in R 3.2.5 and checked in MedCalc 16.4.3.

The data
The raw data are included in the supplementary table.

Results
Table 1 presents the main characteristics of the participants, including their sex, age category, and
scoliosis diagnoses based on the Cobb angle and ATR. Girls predominated (80.7%), and most children
were 13–17 years old (59.8%).

Half of the patients with ATR of 5–6° had the Cobb angle of 10° and larger. Together with the children
with ATR of 3°–4° and the Cobb angle of 10° and larger, they constituted 58.9% of the children with
diagnosed scoliosis due to the X-ray (Cobb angle) criterion – and yet, they were not diagnosed as
suffering from this disease them using the ATR threshold of 7°.
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Table 1
The main characteristics of the patients.

Characteristics Frequency (n = 117) Share

Sex

Girls 95 80.7

Boys 22 19.3

Age

6–9 22 18.8

10–12 25 21.4

13–17 70 59.8

Cobb angle range

10–14° 34 29.1

15–20° 31 26.5

> 21° 52 44.4

ATR

3–4° 10 8.5

5–6° 59 50.4

≥ 7° 48 41.1
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Table 2
Scoliosis diagnosis based on the ATR criterion.

  Range of the Cobb angle Scoliosis diagnosis

based on ATR#

Positive (ATR ≥ 7°) Negative (ATR < 7°)

Age of 6–9 10–14° 4 3

15–20° 2 7

≥ 21° 3 3

Age of 10–12 10–14° 1 5

15–20° 3 5

≥ 21° 5 6

Age of 13–17 10–14° 5 16

15–20° 3 11

≥ 21° 22 13

Altogether ≥ 10° 48 69

# All these patients have a positive scoliosis diagnosis based on the Cobb angle criterion.

We hypothesised that since ATR over 7° allows for diagnosing scoliosis, the proportion of children with
the Cobb angle of at least 10° should be signi�cantly higher in this group than in the ATR group below 7°.
Ideally, no children with the Cobb angle of 10° would have ATR below 7°, a situation representing full
agreement (correlation) between the two methods. The chi-square test applied to verify the null
hypothesis of no difference between the groups (children of ATR below and 7° or higher) gave the value
of 1.884 (df = 1; p = 0.09), meaning the hypothesis should not be rejected. Thus, the proportion of children
diagnosed with scoliosis using the Cobb angle did not signi�cantly differ between the groups of children
diagnosed and not diagnosed with scoliosis using ATR. So, the two methods often disagree. These
results can mean that using 7° threshold of ATR to diagnose scoliosis is incorrect.
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Table 3
The assessment of the ATR test with the 7° criterion for

scoliosis diagnosis.
Test trait Group age

  6–9 10–12 13–17

Responsiveness 55.6% 88.9% 83.3%

Speci�city 23.1% 31.3% 40.0%

Positive predictive value 33.3% 42.1% 51.0%

Negative predictive value 42.9% 83.3% 76.2%

Table 3 shows the assessment of the diagnostic method based on ATR measurement with the 7° criterion
for scoliosis diagnosis. In the 6–9 years old age group, the ATR test indicated scoliosis in only 55.5% of
the children. The method worked much better for older children, for which it correctly diagnosed scoliosis
in 88.9% of the children in the 10–12 years old group and in 83.3% of the children in the 13–17 years old
group.

Discussion
The method for diagnosing scoliosis based on ATR uses the phenomenon that vertebral rotation occurs
in scoliosis, that is, spatial deformation of the spine in the transverse plane [3, 7]. The method based on
the Cobb angle, on the other hand, uses the phenomenon that scoliosis is accompanied by the spine
lateral bending, and so it measures changes in the position of individual vertebrae in relation to each
other in the frontal plane [12]. To detect interference in the presence of curvature, the ATR method
estimates correlation between the co-occurrences of spinal deformities in the two planes [1, 3, 4, 7, 8].
Proper interpretation of ATR is possible when the lateral bending in the frontal plane corresponds to a
linear increase in the rotation of the vertebrae. In clinical practice, however, these parameters often poorly
correlate, especially in young children (6–9 years) with scoliosis in the lumbar region [1, 10, 13-14].

Scoliosis will unlikely be diagnosed in its early stadium in young children whose Cobb angle is 15° or
greater (representing quite an advanced stadium of scoliosis) but ATR below 7°. Many studies have
indicated the need for putting such children under active surveillance for scoliosis development as well as
introducing active prophylaxis as early as at ATR of 5° [15]. The best treatment results so far are obtained
thanks to the early detection of scoliosis, followed by introducing exercises devoted to scoliosis
(Physiotherapeutic Scoliosis Speci�c Exercises, PSEE) and – if necessary – bracing [16-22].

Some children with scoliosis have so-called side shifting, which is a lateral trunk shift at the L2–L4 level,
clinically re�ected in high asymmetries of the waist angles [23] and scoliosis of about 10°–15° in an X-
ray (the Cobb angle)—but a trunk rotation of 3–5° (ATR). Figure 1 presents the hypo-rotationality of such
scoliosis. The torso rotation angle would be in this situation smaller than it appears from the lateral
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bending value, represented by the Cobb angle in the X-ray picture.                                                                       
                         

In such situations, ATR and the Cobb angle are not correlated, with a serious consequence: while the
former suggests a patient does not suffer from scoliosis, the latter indicates it has reached an advanced
stadium. Failing to include such a child in active prevention may result in the development of double-arch
scoliosis in the following years. Sometimes this phenomenon is accompanied by a functional inequality
of lower limbs and oblique alignment of spina iliaca posterior superior (SIPS) [23]. This situation is more
common in younger children, aged 6–9 years. The development of idiopathic scoliosis in an early
stadium is re�ected in low-degree scoliosis of ATR below 7°.

A lack of correlation between the lateral bending of the spine and vertebral rotation may be responsible
for an imprecise diagnosis of scoliosis in children based on the 7° ATR threshold, especially when a child
has joint laxity or pelvis asymmetry [13, 14, 24-26]. Based on the results presented in this paper, we can
hypothesise that correlation between ATR and the Cobb angle can help diagnose hypo-rotational, normo-
rotational, and hyper-rotational scoliotic spinal deformation (Fig. 2).

In hypo-rotational scoliosis (Fig. 3 shows an example), ATR is smaller than the Cobb angle, and so their
correlation is small, with small rotations of the vertebrae accompanied by a high lateral curvature of the
spine. This is particularly common in younger children.  

 

In normo-rotational scoliosis (Fig. 4), ATR and the Cobb angle are about the same (so their correlation is
high), and so the degree of lateral bending of the spine corresponds to the degree of vertebral rotation
[27].                                                                                                                                          

In hyper-rotational scoliosis, ATR is higher than the Cobb angle (so their correlation is low), and high
rotations of the vertebrae are accompanied by the slight lateral bending of the spine (Fig. 5). Hyper-
rotational scoliosis is rare.

 

An issue arises as to whether the three types of correlation between ATR and the Cobb angle need to be
distinguished. For a person diagnosing scoliosis and qualifying children for treatment, but also for those
very children, the ability to distinguish them can be crucial. In the light of the results presented here,
merely using one of the two criteria to diagnose scoliosis can be insu�cient to diagnose the three
scoliosis types discussed above. Combining the two criteria the way we propose reduces the risk that a
child whose ATR is well below the threshold of 7° – and so suffers from hypo-rotational scoliosis – is not
quali�ed for treatment.

A related issue is whether the threshold should be decreased to 5°, especially for children aged 6–10
years. In Samuelsson’s reports investigating relations between ATR and the Cobb angle in X-ray images,



Page 9/13

the correlation coe�cient was low (0.57–0.65). In an extreme example, the Cobb angle of 25°
corresponded to ATR of 7° in the thoracic segment and of 6° in the lumbar section [28]. Carlson et al.
pointed out that between-patient variation in ATR-Cobb correlation might be due to between-patient
variation in spinal elasticity [27].

Conclusions
The present study provided empirical data indicating that the common approach to the classi�cation of
scoliosis – which uses a 7° threshold for ATM as an indication of scoliosis – is questionable. We are
aware that the results can amaze: They suggest the current approach to diagnosing scoliosis based on
ATR needs immediate reconsideration.

If everything worked just �ne, the number of children with the Cobb angle of 10° and above would have
been signi�cantly higher among children with ATR of at least 7° than among children with ATR below 7°.
It was not so, however, as statistical analysis showed. So, the 7° ATR threshold does not work the way it
should.

Due to the serious long-term consequences of the di�culties in diagnosing scoliosis at its early stadia,
systematic research has been conducted to precisely examine individual conditions of the existing
barriers in the diagnosis of the spine lateral curvature [29, 30]. This study adds to this topic, offering new
and important insights on how scoliosis should be diagnosed in children.

From the study it follows that a signi�cant percentage of children with back asymmetry within the ATR
range of 5–6° may show features of idiopathic scoliosis. Therefore, the common 7° cut-off ATR threshold
for diagnosing scoliosis failed to detect many instances of scoliosis at its early stadium. If con�rmed in
further research, this observation would call for an immediate change in diagnosing early scoliosis in
children from 6 to 12 years old: the ATR threshold should be decreased from 7° to 5°.
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Figures

Figure 1

An 11-year old girl with scoliosis type Th-L sin, Cobb 17°, ATR 4° Th-L sin.
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Figure 2

The vertebral column in scoliosis: How to combine the ATR and Cobb angle measurements.

Figure 3

Hypo-rotational scoliosis, with ATR (4°) smaller than the Cobb angle (15°).

Figure 4

Normo-rotational scoliosis, with similar ATR and the Cobb angle. Scoliosis right Th4-Th10 Cobb-28°, ATR
8°, left Th11-L4 Cobb 28°, ATR 9°.

Figure 5

Hyper-rotational scoliosis, with ATR (8°) higher than the Cobb angle (6°).
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