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ABSTRACT
Objectives: We propose a novel and simple method to determine the magnitude of the curve in scoliosis and its correlation with the Cobb angle.

Methods: Using multiple rounds of nominal group technique and an established consensus‑building methodology, a multidisciplinary research 
group identified a simple method to value the curve deformity based on the vertebral pedicles.

Measurements: A mathematical study was performed to determine the relationship between the Cobb angle and the concavity–convexity quotient (CCQ). 
To evaluate the clinical correlation between the Cobb angle and CCQ, spine surgeons measured 48 curves (before and after follow‑up) of congenital scoliosis.

Results: This quotient reflects the ratio between the distance from the upper end of the most inclined upper vertebra to the lower end of the 
most inclined lower vertebra on the concave side (A‑distance) and the corresponding distance on the convex side of the curve (B‑distance). The 
existing mathematical relationship is based on changing the explicit coordinates to polar coordinates. Finally, the clinical correlation between 
the Cobb angle and CCQ was statistically significant (r = −0.688; P < 0.001 in first measure and r = −0.789; P < 0.001 in the second measure).

Conclusions: Our study provides Level III evidence that CCQ represents a promising alternative or a complementary method to the traditional 
Cobb angle due to its simple and reliable ability to measure the magnitude of the curve.
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INTRODUCTION

The clinical measurement of Cobb’s angle is important for 
the assessment of the severity of scoliosis and for predicting 
the progression of the curvature.[1] Classically, the most 
accurate and extended way to measure the magnitude of 
a curve in scoliosis is the Cobb angle.[2] The Cobb angle 
consists of selecting the upper plate of the most inclined 
vertebra above the curve and the lower plate of the more 
inclined vertebra located below the curve.[3] Regardless of its 
theoretical simplicity, some difficulties are found in clinical 
practice.[1,2,4]

One of the most important drawbacks of the Cobb angle 
measurement is the presence of great interobserver and 
intraobserver variability. These measurement errors range 
from 2.4° to 8.8°, with 5° an acceptable value for the manual 
method.[5‑7] Although most of these studies have been 
associated with idiopathic scoliosis,[7] to our knowledge, only 
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three studies have evaluated the Cobb angle measurement 
for congenital scoliosis.[1,8,9] They showed that the Cobb angle 
was difficult to measurement due to the severity of the spine 
deformity turning the appropriate endplates of the vertebra 
difficult to find.[8] Moreover, there has been reported an 
interobserver variance of 11.8° and intraobserver variance of 
9.6° when using the Cobb method in congenital scoliosis.[8] 
This variance is important because obtaining an inaccurate 
measurement does not reflect the true magnitude of the curve.

The aim of this study was to validate a new approach for 
measuring the magnitude of the curve in congenital scoliosis 
and to correlate it with the Cobb angle. We think that the 
concavity–convexity quotient (CCQ) is a method that will 
address some of the problems generated by the Cobb angle 
methodology.

METHODS

Design
This study was approved by the Institutional Review Board at 
our institute. Patients were included if they were diagnosed 
with congenital scoliosis. The magnitude of the scoliotic 
curves was measured on conventional X‑rays of the whole 
spine in standing position according to the Cobb procedure.[2] 
The measurements were performed preoperatively and in the 
first radiological check‑up after surgery. All measurements 
were performed by two expert’s spine surgeons.

Concavity–convexity quotient measurement explication
Once the mathematical correlation was established, the 
new method was put into practice. CCQ is a new way to 
calculate the magnitude of the curve. This quotient reflects 
the ratio between the distance from the upper end of the 
most inclined upper vertebra to the lower end of the most 
inclined lower vertebra on the concave side (A‑distance) 
and the corresponding distance on the convex side of the 
curve (B‑distance) [Figure 1].

Mathematical correlation between the Cobb angle and the 
concavity–convexity quotient
The existing relationship is based on changing the explicit 
coordinates to polar coordinates. The polar coordinates 
depend on two variables: a radius and an angle. A and B are 
straight lines that if joined together, their ends are cut at one 
point. From that point, on it is related to the radius (r and R) 
and the angle. This angle is the same for A as for B, and 
therefore, A and B are related to the sin of the angle [Figure 2].

Statistical analysis
Statistical analysis was performed using the IBM SPSS 
software version. 24.0 (IBM Corp., Armonk, NY, USA). The 

categorical variables were described with their absolute 
values and percentages. The quantitative variables were 
presented by their measures of central tendency (mean and 
standard deviation [SD]). Pearson correlation was used to 
assess the relationship between CCQ and Cobb angle. We 
also assessed the interobserver and intraobserver reliability 
by the intraclass correlation coefficient with the respective 
95% confidence intervals.

RESULTS

Practical correlation
Twenty‑four patients were included in the study, resulting 
in a total of 48 curves. The mean age of the patients at 
the diagnosis was 4.9 (SD 3.6) years. The most common 
scoliosis curve was the thoracic curve (32%). The general 
characteristics of the patients are summarized in Table 1. 
All the mean values of the two measurements are shown in 
Table 2. Pearson correlation between CCQ and Cobb angle 

Figure 1: Concavity–convexity quotient. The distance from the upper end of 
the upper vertebra to the lower end of the lower vertebra on the concave 
side of the curve is named A‑distance. The B‑distance is the distance from 
the upper end of the upper vertebra to the lower end of the lower vertebra 
on the convex side of  the curve. Finally,  the quotient between A and B 
would be calculated

Table 1: Baseline characteristics of 24 patients included in the 
study

Characteristics Values
n 20
Age (years) 11.5±5.3
Diagnosis age (years) 4.9±3.6
Follow‑up (years) 7.4±2.9
Male (%) 42
Female (%) 58
Cervical (%) 8
High thoracic (%) 16
Thoracic (%) 32
Thoracolumbar (%) 24
Lumbar (%) 20
SD: Standard deviation
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was 0.99 [Figure 3]. In CCQ, we founded an intraobserver 
and interobserver variance of 0.03 [Figure 4].

DISCUSSION

The Cobb angle measurement presents a great interobserver 
and intraobserver variability.[7] For that reason, the CCQ is 
present as a new method for measuring the magnitude of 
the curve in congenital scoliosis. The aim of this study was 
to validate a new approach for measuring the magnitude of 
the curve in congenital scoliosis and to correlate it with the 
Cobb angle.

Several previously described radiographic studies have 
showed that the Cobb angle is a difficult measurement 
due to the severity of the spine deformity.[5‑7] In congenital 
scoliosis, to our knowledge, there are three studies that 

have evaluated the Cobb angle.[1,8,9] Loder et al., in their 
study, analyzed 67 scoliotic curves from children. They 
found intraobserver variability as 9.6° and interobserver 
variability as 11.8°. Hence, they concluded that if the Cobb 
method is used to determine the progression of a curve in 
congenital scoliosis between two measurements, and based 
on two different observers at different times, then at least 
23° of change is necessary to ensure with 95% confidence 
that the increase in the curve is not due to chance or error 

Figure 3: Pearson correlation between concavity–convexity quotient and Cobb angles

Figure 2: Mathematical correlation. The existing relationship is based on 
changing the explicit coordinates to polar coordinates. The polar coordinates 
depend on two variables: A radius and an angle. A and B are straight lines 
that if joined together, their ends are cut at one point

Table 2: Values of the concavity-convexity quotients and the 
Cobb angles

Cobb angle pre CCQ pre Cobb angle post CCQ post
24 ,65 35 ,64
19 ,80 41 ,77
35 ,83 44 ,76
11 ,89 40 ,79
35 ,80 41 ,78
34 ,63 10 ,91
29 ,65 24 ,73
24 ,76 17 ,86
39 ,60 29 ,73
28 ,68 33 ,75
33 ,63 35 ,66
35 ,62 37 ,64
28 ,71 25 ,74
25 ,72 34 ,73
3 1,00 2 1,00
39 ,75 44 ,66
27 ,76 43 ,76
24 ,77 27 ,79
31 ,88 32 ,85
43 ,55 48 ,62
15 ,90 7 ,94
24 ,79 28 ,82
34 ,69 23 ,79
32 ,88 24 ,88
CCQ: Concavity–convexity quotient
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of measurement but to an increase in the curve itself.[8] Even 
this high variability presented in this study, the other two 
have found a lower intraobserver and interobserver variance. 
Facanha‑Filho et al. reported an intraobserver variance 
ranged from 1.9 to 5.0°, with an average of 2.8° (95% 
confidence limit, ± 3°) and lower interobserver variance of 
3.35° (95% confidence limit, 7.86°).[9]

Accuracy and consistency are crucial in the radiographic 
assessment of scoliosis.[6] Cobb angle >10° means that 
scoliosis exists, 10°–25° means regular recheck shall be 
performed, and 25°–45° means orthosis shall be needed. 
Cobb angle >45° means surgical interference is needed. Cobb 
angle >5° in two X‑ray examinations indicates the scoliosis 
deformity progress.[3] Therefore, the measuring error for the 
Cobb angle >5° will possibly interfere with the diagnosis 
and treatment results. In our study, the CCQ presented an 
interobserver variability of 0.03.

Other point is that the CCQ could be the measurement 
in simple X‑rays. As for the bigger bending deformity of 
the coronal spine plane, the Cobb angle is the included 
angle of the upper‑end vertebra end plate line directly 
intersected with the lower end vertebra end plate line. 
For the smaller deformity of the spine, the intersected 
point of two end plate lines is outside of the X‑ray film, 
and hence, the vertical line of the upper‑end vertebra end 
plate line and that of the lower end vertebra end plate line 
shall be drawn to perform the measurement.[10] In modern 
medical health‑care systems with digital radiographs and 
analyses, the idea of reducing drawing artifacts on an X‑ray 
film or make mathematics is somewhat redundant.[3] We 
believe that in developing countries, that still analyze the 
radiographs on conventional X‑ray films, the measuring 
distances could be easier and more evident, even 
nonexpert personnel could measure it, as opposed to the 
Cobb angle.

Our study has several limitations; first, the CCQ was tested 
only in conventional radiography. Although the most common 
measurement of the Cobb angle is on anteroposterior 
spine X‑ray, we believe that this was a correct method of 
beginning test this new measurement.[1] We believe the CCQ 
could be extended to other types of imaging tests such as 
magnetic resonance imaging, computed tomography (CT), 
or three‑dimensional CT, increasing the accuracy of this 
strategy. Second, this study was only performed in patients 
with congenital scoliosis, so nowadays, these results cannot 
be extrapolated to other types of scoliosis. Although it has 
been described that congenital scoliosis curves are more 
difficult to measure due to skeletal immaturity.[8] One of the 
strengths of our study is the development of a conversion 
equation that could be applied in the clinic to allow a 
semiquantitative estimate of CCQ‑based Cobb Angle. COB 
Angle = arcsin (A/r) or COB Angle = arcsin (B/R). Even 
this strength, we believe that more studies will be necessary 
to assess the interobserver and intraobserver validity and 
reproducibility of this innovative method.

CONCLUSIONS

In summary, our study provides evidence, that CCQ represents 
promising alternative or a complementary method to the 
traditional Cobb angle due to its easy and reliable ability to 
measure the magnitude of the scoliosis curve.
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