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  A Comparative Analysis of 4 Curvature 
Measurement Methods in Early-Onset Scoliosis 

     Jin-Ho   Hwang,      MD  ,  *        Jae-Young   Hong,      MD  ,  †        Seung-Woo   Suh,      MD  ,  ‡        Jae-Hyuk   Yang,      MD  ,  ‡    
and     Jae-Moon   Lee,      MD    †   

   Study Design.   Observational study with 3 examiners.  
  Objective.   The aim of this study was to enhance the reproducibility 
and reliability of coronal curvature measurements in early-onset 
scoliosis.  
  Summary of Background Data.   Previous reports show high 
variability of the Cobb method, especially on the measurement of 
the immature spine.  
  Methods.   A total of 115 whole-spine posteroanterior radiographs 
were collected to compare the reliability of the Cobb, lateral 
tangent, pedicle, and centroid methods in early-onset scoliosis. 
Radiographs were measured twice by each of the 3 examiners using 
the 4 measurement methods. Statistical analysis was performed to 
determine the inter- and intraobserver reliability.  
  Results.   In this study, total inter- and intraobserver inter- and 
intraclass correlation coeffi cients (ICCs) in 115 radiographs were 
excellent in all methods (ICCs  > 0.961). However, mean absolute 
differences (MADs) in the lateral tangent method were less than 
3.78 ° , which was higher than other methods (MADs  < 2.95 ° ). In 
analysis of different severity groups ( < 15 ° , 15 ° –30 ° , and  > 30 ° ), total 
inter- and intraobserver ICCs gradually increased with increasing 
the severity of the deformity, whereas MADs of each severity group 
were similar despite their increased measurement scale. Particularly, 
interobserver ICCs and MADs of lateral tangent method were more 
than 0.474 and less than 3.76 °  with poor reliability, which showed 
high variability in the less deformed spine group ( < 15 ° ). However, 
intraobserver ICCs and MADs of pedicle method were more than 
0.853 and less than 2.61 ° , interobserver ICCs and MADs were more 
than 0.729 and less than 2.86 °  with excellent reliability, which 
showed constantly high reliability regardless of coronal curvature 
severity.  

 Measurement of the coronal curvature in patients with 
scoliosis is essential to evaluate the severity and the 
progress of their spinal deformity. The Cobb angle 

measurement has been used to document the curve progres-
sion, make treatment plans, and to evaluate outcomes.  1   ,   2   As 
the treatment of patients with scoliosis is based on the degree 
of curvature, an accurate measurement is crucial to choose 
the best treatment option. Thus, reliability and reproduc-
ibility of the measurement method must be satisfactory to 
allow a comparison within and between observers and per-
mit an accurate, treatment-directed assessment of individual 
patients. Historically, reliability and variability of the Cobb 
angle measurements have been reported.  3   –   25   And the Cobb 
method has been shown to have high variability, especially 
on the measures of the immature spine.   8,15,19,20,26    Thus, several 
alternative methods have been proposed to improve the reli-
ability in measuring the immature spine as infantile or juve-
nile scoliosis. Although the Cobb method is widely used, it 
is important to assess the accuracy, precision, and validity of 
the coronal curvature measures compared with other alterna-
tive measurement methods before this method can be used 
routinely. The aim of this study was to compare 4 different 
measurement methods to enhance the reproducibility and 
reliability of curvature measurements of early-onset scoliosis. 

  MATERIALS AND METHODS 

  Subjects 
 Subjects included 115 consecutive patients with infantile or 
juvenile scoliosis who had been diagnosed in 2006 to 2011. 
We included patients younger than 10 years to compare the 
accuracy of measurement methods in the immature spine. 
There were 28 male and 87 female patients, with the mean 
age of 7.8 years. According to the magnitude of the coronal 
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  Conclusion.   In this study, the pedicle method showed constantly 
higher ICCs and lower MAD values in the early-onset scoliosis 
regardless of severity. However, the other 3 methods showed lower 
ICCs and higher MAD values, which showed lowest reliability 
in the lateral tangent method. For improved treatment of early-
onset scoliosis, we recommend the pedicle method for measuring 
curvature regardless of severity.   
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curvature observed from the radiographs, subjects were 
divided into 3 groups. Group 1 included 38 patients who had 
less than 15 ° , group 2 included 43 patients who had 15 °  to 
30 ° , and group 3 included 34 patients who had more than 30 °  
of coronal curvatures.  

  Radiographical Measurements 
 The whole-spine posteroanterior radiographs were obtained 
at a standard tube-fi lm distance of 180 cm, with the central 
ray targeting at the T6–T7 area. The patients held onto a ver-
tical pole with their hands at elbow level to keep the upper 
extremities from projecting over the spine. Whole-spine  pos-

teroanterior radiographs without markings were submitted 
in a random order to each of the 3 observers. Each observer 
measured the 115 radiographs twice with an interval of 
2 weeks to minimize the effect of memory. Using 4 different 
radiographical methods, a total of 920 measurements were 
taken for each of the 4 different radiographical methods. All 
measurements were performed using computer-based digital 
radiograph on a picture-achieving computer system (PiView-
STAR, Infi nit, Korea). These 4 methods are defi ned in  Figure 1  
and listed below:  

 1. Cobb method: 

  Figure 1.     (A)  Cobb method: the angle made by a line drawn along the upper and lower endplates of the upper-end and lower-end vertebrae.  (B)  
Pedicle method: the angle made by a line drawn along the upper and lower borders of both pedicles of the upper-end and lower-end vertebrae. 
 (C)  Lateral tangent method: the angle made by lateral tangent lines, which are drawn through the lateral border of the upper-end and lower-end 
vertebrae.  (D)  Centroid method: the angle made by intersections of the vertebral body “centroids,” which are made by the intersections of the 
body diagonals using all 4 vertebral body corners.  
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 Angle made by a line drawn along the upper and lower 
endplates of the upper-end and lower-end vertebrae. 
 2. Pedicle method   26 :   

 Angle made by a line drawn along the upper and lower 
borders of both pedicles of the upper-end and lower-end ver-
tebrae. 
 3. Lateral tangent method  10   –   12   ,   14   ,    16 :   

 Angle made by lateral tangent lines, which are drawn 
through the lateral border of the upper-end and lower-end 
vertebrae. We applied the similar method with modifi cation 
of the posterior tangent method, which has been proposed by 
several authors. 
 4. Centroid method  4   ,   10   ,   11   ,    15 :   

 Angle made by intersections of the vertebral body “cen-
troids,” which are made by the intersections of the body diag-
onals using all 4 vertebral body corners.  

  Statistical Analysis 
 All statistical calculations for the reliability results of the out-
come were performed with the assumption that measurements 
were crossed with the examiner and the patient. Observers 
were chosen at random. The inter- and intraobserver reliabil-
ity of all 3 observers’ 2 sets of measurements was calculated 
using the inter- and intraclass correlation coeffi cients (ICCs). 
The mean absolute difference (MAD) was calculated to deter-
mine the variability of the measurement. SPSS 13.0 (SPSS Inc., 
Chicago, IL) was used for statistical analysis, and the ICCs 
were considered to be in the excellent range by Shrout and 
Fleiss  27   (poor,  < 0.4; fair to good, 0.4–0.70; excellent,  > 0.70).   

  RESULTS 
  Tables 1  and 2 list the overall means, standard deviations, 
ICCs, 95% confi dence intervals, and MAD of outcome mea-
sures in 115 radiographs, provided for the Cobb, pedicle, lat-
eral tangent, and centroid methods. Total intraobserver ICCs 
of the 4 methods were more than 0.979 with excellent reli-
ability ( Table 1 ). However, MADs in lateral tangent method 
were less than 2.53 ° , which was higher than other methods 
(Cobb  < 1.89 ° , pedicle  < 1.84 ° , and centroid  < 2.07 ° ). Total 
interobserver ICCs of the 4 methods were more than 0.961 
with excellent reliability ( Table 2 ). However, MADs in lateral 
tangent method were less than 3.78 ° , which was higher than 
other methods (Cobb  < 2.60 ° , pedicle  < 2.68 ° , and centroid 
 < 2.95 ° ).   

  Tables 3  and 4 list outcome measures of each of the 115 
radiographs subdivided by the coronal curvature severity 
(groups 1, 2, and 3;  < 15 ° , 15 ° –30 ° , and  > 30 ° ).  

 In terms of intraobserver reliability, ICCs of groups 1, 
2, and 3 gradually increased with increasing severity of the 
coronal curvature ( > 0.657,  > 0.822, and  > 0.980, respec-
tively). However, MADs of groups 1, 2, and 3 were similar 
between the severity groups ( < 2.87 ° , 2.48 ° , and  < 2.18 ° ), 
despite their increased scale that measured. The intraob-
server ICCs of the 4 methods in group 3 ( > 30 ° ) were more 
than 0.980 with excellent reliability ( Table 3 ). MADs were 
less than 2.87 °  in the 4 methods. ICCs in group 2 (15 ° –30º) 
were more than 0.822 with excellent reliability, and MADs 
were less than 2.48 °  in the 4 methods. However, the ICCs 
of the pedicle method in group 1 ( < 15 ° ) were more than 

 TABLE 1.     Intraobserver Reliability in All 115 Radiographs   
Mean  ±  SD ICCs 95% CI MAD

First observer

 Cobb 25.63  ±  17.49 0.991 0.987–0.994 1.83

 Pedicle method 22.77  ±  17.33 0.989 0.984–0.992 1.84

 Lateral tangent method 27.25  ±  18.36 0.979 0.970–0.986 2.53

 Centroid method 27.78  ±  17.81 0.987 0.981–0.991 2.07

Second observer

 Cobb 24.87  ±  17.29 0.998 0.997–0.999 0.88

 Pedicle method 23.01  ±  17.02 0.998 0.997–0.999 0.78

 Lateral tangent method 26.90  ±  18.10 0.981 0.970–0.987 1.86

 Centroid method 27.18  ±  17.84 0.998 0.997–0.999 0.82

Third observer

 Cobb 27.17  ±  16.87 0.989 0.956–0.995 1.89

 Pedicle method 24.52  ±  17.07 0.992 0.972–0.996 1.81

 Lateral tangent method 28.23  ±  17.54 0.990 0.983–0.993 2.01

 Centroid method 29.10  ±  17.90 0.990 0.978–0.995 1.90

  ICCs indicates inter- and intraclass correlation coeffi cients; CI, confi dence interval; MAD, mean absolute difference.  
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 TABLE 2.    Interobserver Reliability in All 115 Radiographs  
Mean   ±   SD ICCs 95% CI MAD

First  vs.  second observer

 Cobb 25.25  ±  17.35 0.992 0.988–0.995 1.77

 Pedicle method 22.88  ±  17.14 0.992 0.989–0.994 1.94

 Lateral tangent method 27.07  ±  18.19 0.967 0.958–0.975 3.33

 Centroid method 27.48  ±  17.79 0.989 0.986–0.992 2.22

First  vs.  third observer

 Cobb 26.40  ±  17.16 0.982 0.962–0.989 1.81

 Pedicle method 23.64  ±  17.17 0.977 0.951–0.987 2.03

 Lateral tangent method 27.74  ±  17.92 0.975 0.966–0.981 1.97

 Centroid method 28.44  ±  17.83 0.982 0.969–0.988 1.69

Second  vs.  third observer

 Cobb 26.02  ±  17.06 0.976 0.907–0.990 2.60

 Pedicle method 23.76  ±  17.02 0.976 0.958–0.985 2.68

 Lateral tangent method 27.56  ±  17.79 0.961 0.946–0.971 3.78

 Centroid method 28.14  ±  17.84 0.974 0.946–0.985 2.95

First  vs.  second  vs.  third observer

 Cobb 25.89  ±  17.19 0.983 0.968–0.990 2.06

 Pedicle method 23.43  ±  17.11 0.982 0.972–0.987 2.22

 Lateral tangent method 27.46  ±  17.97 0.967 0.959–0.974 3.03

 Centroid method 28.02  ±  17.82 0.982 0.973–0.987 2.29

  ICCs indicates inter- and intraclass correlation coeffi cients; CI, confi dence interval; MAD, mean absolute difference.  

0.853 with excellent reliability, which was higher than the 
other 3 methods ( > 0.657), although MADs were similar 
( < 2.18 ° ) in the 4 methods. 

 In terms of interobserver reliability, ICCs of groups 1, 
2, and 3 gradually increased with increasing severity of the 
coronal curvature ( > 0.400,  > 0.582, and  > 0.657). MADs 
of groups 1, 2, and 3 were similar between the different 
severity groups ( < 3.04 ° ,  < 3.63 ° , and  < 3.62 ° ), despite 
increased measurement scale. The interobserver ICCs of 
4 methods in group 3 ( > 30º) were more than 0.956 with 
excellent reliability ( Table 4 ). And MADs were less than 
3.76 °  in 4 methods, which showed the highest value in the 
lateral tangent method. In addition, ICCs of the lateral tan-
gent method in group 2 (15 ° –30º) were more than 0.582, 
which was lower than ICCs of other methods ( > 0.771), 
and MADs were less than 3.63 °  in the 4 methods, which 
showed the highest value by the lateral tangent method. 
However, ICCs of pedicle method in group 1 ( < 15 ° ) were 
more than 0.729 with excellent reliability, which was higher 
than the other 3 methods ( > 0.500). In addition, MADs in 
the pedicle method were less than 1.91 ° , a lower value than 
others ( < 3.04 ° ).   

  DISCUSSION 
 More precise diagnosis and evaluations of scoliosis are now 
possible with the improvements in the image analysis and 
picture-achieving computer systems. A precise measurement 
of the spine curvature is essential to choose the best treat-
ment plan for patients with scoliosis.  1   ,   15   Measurement of 
the Cobb angle in scoliosis has been accepted as the stan-
dard radiograph evaluation technique and has been most 
frequently used by clinicians for assessing spinal curvatures. 
However, high variability in the Cobb method, especially in 
younger patients, was reported.  3   ,   4   ,   6   –   26   Even when measuring 
young congenital scoliosis, Loder  et al   20   reported an inter- 
and intraobserver variance of 11.8 °  and 9.6 ° , when using the 
Cobb method. In another study of noncongenital scoliosis 
in 64 children younger than 10 years, the variance using 
the Cobb method was 7 ° .  19   Initially, the Cobb method was 
invented for measuring adolescent idiopathic scoliosis; when 
applied to other forms, such as the congenital and infantile 
forms, this method exhibited high variability. Therefore, a 
more reliable measurement method is warranted to diagnose 
and treat patients with early-onset scoliosis. Higher accuracy 
is particularly crucial in this infantile or juvenile scoliosis 
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 TABLE 3.    Intraobserver Reliability of Radiographs Subdivided by Severity  
Severity Mean   ±   SD ICCs 95% CI MAD

First observer

 Cobb  < 15 11.78  ±  2.41 0.708 0.506–0.837 1.59

15–30 21.24  ±  4.25 0.865 0.765–0.924 1.77

 > 30 47.44  ±  17.71 0.986 0.972–0.993 2.19

 Pedicle method  < 15 9.60  ±  2.85 0.853 0.737–0.921 1.35

15–30 18.26  ±  4.82 0.898 0.820–0.943 1.69

 > 30 43.90  ±  18.29 0.980 0.959–0.990 2.61

 Lateral tangent method  < 15 13.02  ±  3.59 0.679 0.480–0.811 1.59

15–30 23.23  ±  6.05 0.822 0.682–0.903 2.08

 > 30 48.98  ±  19.72 0.983 0.966–0.992 2.87

 Centroid method  < 15 13.95  ±  3.40 0.902 0.812–0.949 1.43

15–30 23.46  ±  5.25 0.830 0.710–0.904 2.22

 > 30 49.46  ±  18.51 0.984 0.965–0.992 2.63

Second observer

 Cobb  < 15 11.15  ±  2.42 0.936 0.869–0.967 0.66

15–30 20.39  ±  4.53 0.979 0.962–0.989 0.74

 > 30 46.65  ±  17.05 0.996 0.991–0.998 1.30

 Pedicle method  < 15 9.74  ±  2.59 0.952 0.910–0.975 0.55

15–30 18.74  ±  4.68 0.971 0.947–0.984 0.83

30 > 43.97  ±  17.55 0.997 0.995–0.999 0.97

 Lateral tangent method  < 15 13.13  ±  3.46 0.727 0.530–0.846 1.26

15–30 22.07  ±  6.72 0.864 0.735–0.930 2.48

 > 30 49.19  ±  17.94 0.990 0.980–0.995 1.72

 Centroid method  < 15 13.67  ±  2.80 0.934 0.877–0.965 0.79

15–30 22.49  ±  5.66 0.987 0.975–0.993 0.73

 > 30 49.02  ±  18.52 0.998 0.996–0.999 0.97

Third observer

 Cobb  < 15 14.05  ±  3.02 0.657 0.255–0.837 1.81

15–30 22.64  ±  4.53 0.868 0.542–0.947 1.91

30 > 48.31  ±  16.81 0.989 0.956–0.996 1.95

 Pedicle method  < 15 11.38  ±  2.86 0.880 0.543–0.967 2.10

15–30 20.42  ±  5.63 0.926 0.848–0.962 1.73

30 > 45.12  ±  17.90 0.994 0.965–0.998 1.59

 Lateral tangent method  < 15 14.85  ±  3.83 0.802 0.632–0.895 2.13

15–30 24.44  ±  5.96 0.879 0.790–0.932 2.26

 > 30 48.69  ±  19.14 0.995 0.973–0.998 1.54

 Centroid method  < 15 15.30  ±  3.95 0.693 0.475–0.830 2.18

15–30 24.84  ±  5.83 0.938 0.832–0.972 1.72

 > 30 50.67  ±  18.64 0.993 0.962–0.998 1.80

  ICCs indicates inter- and intraclass correlation coeffi cients; CI, confi dence interval; MAD, mean absolute difference.  
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 TABLE 4.    Interobserver Reliability of Radiographs Subdivided by Severity  

Severity

1st Measurement

95% CI MADMean  ±  SD ICCs

First  vs.  second observer

 Cobb  < 15 11.51  ±  2.34 0.658 0.338–0.825 1.84

15–30 20.75  ±  4.17 0.862 0.722–0.929 1.77

 > 30 47.02  ±  16.68 0.992 0.982–0.997 1.69

 Pedicle method  < 15 9.60  ±  2.73 0.758 0.582–0.866 1.46

15–30 18.54  ±  4.75 0.866 0.768–0.924 1.89

30 > 44.10  ±  17.80 0.985 0.971–0.993 2.54

 Lateral tangent method  < 15 12.92  ±  3.63 0.616 0.371–0.780 2.62

15–30 22.13  ±  5.46 0.698 0.447–0.836 3.63

 > 30 49.02  ±  18.73 0.956 0.914–0.978 3.76

 Centroid method  < 15 13.84  ±  3.27 0.760 0.586–0.867 1.86

15–30 22.97  ±  5.51 0.878 0.746–0.938 2.24

 > 30 49.48  ±  18.56 0.986 0.969–0.993 2.61

First  vs.  third observer

 Cobb  < 15 12.65  ±  2.53 0.681 0.305–0.848 1.80

15–30 21.56  ±  4.19 0.877 0.779–0.932 1.68

 > 30 47.52  ±  16.98 0.990 0.980–0.995 1.97

 Pedicle method  < 15 10.01  ±  2.77 0.791 0.478–0.906 1.50

15–30 19.13  ±  5.20 0.873 0.562–0.949 2.22

 > 30 44.33  ±  17.87 0.987 0.974–0.994 2.40

 Lateral tangent method  < 15 13.73  ±  3.47 0.787 0.476–0.903 2.01

15–30 23.66  ±  5.40 0.905 0.797–0.952 1.99

 > 30 48.54  ±  19.50 0.991 0.981–0.996 1.89

 Centroid method  < 15 14.42  ±  3.87 0.754 0.577–0.864 1.95

15–30 23.94  ±  5.51 0.928 0.863–0.961 1.67

 > 30 50.00  ±  18.45 0.995 0.989–0.997 1.42

Second  vs.  third observer

 Cobb  < 15 12.13  ±  2.59 0.500 0.425–0.679 2.83

15–30 21.08  ±  4.51 0.773 0.515–0.887 2.47

 > 30 47.08  ±  16.72 0.983 0.965–0.992 2.53

 Pedicle method  < 15 10.13  ±  2.71 0.735 0.492–0.893 1.91

15–30 19.38  ±  5.16 0.810 0.658–0.895 2.70

 > 30 44.25  ±  17.68 0.967 0.935–0.984 2.86

 Lateral tangent method  < 15 13.58  ±  3.52 0.474 0.179–0.609 3.04

15–30 22.66  ±  5.61 0.582 0.223–0.778 3.53

 > 30 48.57  ±  18.34 0.963 0.928–0.982 3.62

(Continued )
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reliability with the vertebral centroid method than the Cobb 
method, with high ICCs and lower MADs. In this study, total 
inter- and intraobserver ICCs in 115 radiographs were excel-
lent in all methods (ICCs  > 0.961). However, MADs in the 
lateral tangent method were less than 3.78 ° , which was higher 
than other methods. In addition, in analysis of different sever-
ity groups, interobserver ICCs of the lateral tangent method 
were more than 0.474 with lower reliability, and MADs were 
less than 3.76 ° , which showed high variability in the less 
deformed spine (group 1,  < 15 ° ). It seems that the lateral tan-
gent method may be less reliable in measuring the immature 
spine with lower ICCs and higher MADs. In early-onset sco-
liosis with the immature spine, we commonly encountered a 
concave-shaped lateral margin that may interfere the accuracy 
of the lateral tangent measurement ( Figure 2A ). The lateral 
wall of vertebrae is not straight but rather concave and curved 
one. Therefore, it was diffi cult to defi ne the bony landmark. 
In this situation, it is hard to draw a line against the lateral 
wall of the vertebra. In addition, it can decrease the reliability 
of the centroid method which uses the “vertebral centroid” 
made by intersections of 4 corners of the vertebral body.  4   ,   15   
Considering that the main strong point of the centroid 
method is the use of a “centroid” instead of the blurred end-
plate, marginal convexity in the immature spine may produce 
higher variability ( Figure 2B ). This explains why the ICCs 
of the centroid methods were lower (ICCs  > 0.510) and the 
MADs were higher (MADs  < 2.95 ° ) than the pedicle method, 

because this often demonstrates aggressive progression that 
should be treated earlier.  28   Thus, several groups have tried to 
fi nd reliable coronal curvature measurement methods with 
early-onset scoliosis.  15   ,   26   Mehta  et al   26   compared the Cobb 
method with the pedicle method with varying degrees of sco-
liosis, and they reported improved single ICC values for all 
observers for younger than 7-year-old groups using the pedi-
cle method. Hong  et al   15   compared the reliability between the 
Cobb method and the vertebral centroid method, and they 
reported improved interobserver reliability with the vertebral 
centroid method in the immature spine. However, a compari-
son and systematic analysis of methods to measure immature 
scoliosis have been lacking and thus much needed. Therefore, 
we compared 4 previously proposed measurement methods 
and evaluated their reliability in making measurements in 
patients with early-onset scoliosis. 

 Harrison  et al   11   compared the Cobb, centroid, posterior 
tangent, and tangential radiological assessment of lumbar lor-
dosis methods for an analysis of segmental and global lumbar 
lordosis, and they concluded that these methods were accept-
able on account of their high ICCs and very low MAD val-
ues. Low MAD value means the low interobserver differences 
between measures. They suggested that high ICCs and low 
MAD values indicate high reliability and proposed that the 
MAD value can be used for an error analysis. Recently, Chen  4   
compared the reliability between the Cobb method and the 
vertebral centroid method and reported a better interobserver 

 TABLE 4.    (Continued )  

Severity

1st Measurement

95% CI MADMean  ±  SD ICCs

 Centroid method  < 15 14.18  ±  3.50 0.510 0.237–0.710 2.78

15–30 23.33  ±  5.70 0.771 0.532–0.883 3.10

 > 30 49.43  ±  18.56 0.979 0.957–0.990 2.95

First  vs.  second  vs.  third observer

 Cobb  < 15 12.10  ±  2.49 0.559 0.272–0.751 2.16

15–30 21.13  ±  4.30 0.833 0.716–0.905 1.98

 > 30 47.21  ±  16.88 0.989 0.979–0.994 2.06

 Pedicle method  < 15 9.91  ±  2.74 0.729 0.578–0.840 1.62

15–30 19.01  ±  5.04 0.849 0.745–0.914 2.27

 > 30 44.23  ±  17.78 0.980 0.965–0.989 2.83

 Lateral tangent method  < 15 13.41  ±  3.54 0.623 0.443–0.767 2.56

15–30 22.82  ±  5.49 0.718 0.530–0.838 3.39

 > 30 48.71  ±  18.86 0.971 0.949–0.985 3.09

 Centroid method  < 15 14.15  ±  3.55 0.675 0.518–0.801 2.20

15–30 23.41  ±  5.57 0.856 0.750–0.919 2.33

 > 30 49.64  ±  18.52 0.986 0.976–0.993 2.33

  ICCs indicates inter- and intraclass correlation coeffi cients; CI, confi dence interval; MAD, mean absolute difference.  
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that the pedicle method may be the most accurate measure-
ment method in early-onset scoliosis regardless of coronal cur-
vature severity, which is different from other methods. Several 
explanations exist for the better results of the pedicle method. 
The vertebral endplates in younger children may show con-
vex shape with less distinct end points compared with the 
more distinct vertebral landmarks in older children, whereas 
the pedicle may be prominent regardless of age.  26   In addition, 
the vertebral tilt may cause a similar diffi culty in identifying 
bony landmarks of endplates. It also explains the lower ICCs 
( > 0.500) of the Cobb method in this study. However, in the 
pedicle method, an examiner can easily determine the refer-
ence points on the pedicle. Once the reference line is located 
by drawing a line between the pedicles, the angle is determined 
as easily as the Cobb angle ( Figure 2C ). Obviously, any irreg-
ularity of the endplate would not change angle measures in 
pedicle method. Consequently, although the Cobb method is 
more commonly used and convenient to surgeons, and several 
alternative methods were proposed in measures of immature 

although the centroid method showed good reliability with 
adolescent idiopathic scoliosis measures in other studies.  4   ,   15    

 In this study, total intraobserver ICCs of groups 1, 2, and 
3 gradually increased with increasing severity of the coronal 
curvature ( > 0.657,  > 0.822, and  > 0.980), and total interob-
server ICCs gradually increased with increasing severity of the 
coronal curvature ( > 0.400,  > 0.582, and  > 0.657). It seems 
that small degree of measurement difference between observ-
ers ( e.g. , 1 ° ) may produce higher variability in less deformed 
spine due to smaller magnitude of coronal curvature that mea-
sured ( < 15 °   vs . 15 ° –30 °  and  > 30 ° ). Consequently, the Cobb, 
lateral tangent, and centroid methods showed decreased reli-
ability in less deformed spines. However, in the analysis of dif-
ferent severity groups, inter- and intraobserver ICCs of pedicle 
method were more than 0.729 with excellent reliability, and 
MADs were less than 2.86 ° , which showed highest reliability 
regardless of curvature severity. In addition, total inter- and 
intraobserver ICCs in 115 radiographs were excellent in the 
pedicle methods (ICCs  > 0.976 and MADs  < 2.68 ° ). It seems 

  Figure 2.     (A)  Plain radiograph shows the concave-shaped lateral margin of vertebral body that may interfere the accuracy of the lateral tangent 
method in immature spine.  (B)  Plain radiograph shows the marginal convexity and blurring in the vertebral body corners that may interfere the 
accuracy of the centroid method in immature spine.  (C)  Plain radiograph shows the convex-shaped vertebral endplates with less distinct end 
points (broken line) and the prominent pedicles with distinct upper and lower borders that made constant line (solid line) in immature spine.  
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spine and surgeons may have their own alternative method, 
we suggest using the pedicle method to measure early-onset 
scoliosis with high reliability in any conditions. This method 
can increase the treatment accuracy and analysis of coronal 
curvatures in patients with infantile or juvenile scoliosis, and 
we should be cautious on the use of other methods in the less 
deformed spine that showed high variability.  

  CONCLUSION 
 In this study, the pedicle method showed constantly higher 
ICCs and lower MAD values in all measures regardless of 
severity. However, other methods showed less reliability that 
was dominant in the less deformed spine, especially the lateral 
tangent method that showed lower ICCs and higher MAD 
values. For improved treatment of scoliosis in immature 
patients, we need a more reliable measurement method, and 
we recommend the pedicle method for measuring early-onset 
scoliosis regardless of severity.   

  ➢  Key Points 

            High variability in the Cobb method has been 
reported, especially in younger patients; however, 
comparison and systematic analysis of alternative 
methods to measure early-onset scoliosis have been 
lacking and thus much needed.  

          We compared 4 previously proposed measurement 
methods and evaluated their reliability in making 
measurements in patients with early-onset scoliosis.  

          Pedicle method showed constantly higher ICCs and 
lower MAD values in all measures, and we recom-
mend the pedicle method for measuring early-onset 
scoliosis regardless of severity.    
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