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Abstract

Purpose To compare the axis-line-distance technique

(ALDT) and Cobb method for therapeutic evaluation of

scoliosis.

Methods Fifty-seven patients with scoliosis were treated

in our hospital, 47 underwent conservative bracing therapy

and 10 underwent surgery. Based on 171 full-spine X-ray

images obtained from these 57 cases before treatment,

during conservative treatment or surgery, and at final fol-

low-up after removing the brace or after surgery, two

radiologists independently measured and calculated the

correction rate during treatment and at final follow-up and

the rate of correction loss after treatment with the ALDT

and Cobb methods. Paired t-test and correlation analysis

were performed.

Results Based on the ALDT, the lateral deviations of the

apical vertebrae before treatment, during treatment, and at

final follow-up were 31 ± 14 mm, 16 ± 8 mm, and

20 ± 8 mm, respectively; the correction rates during

treatment and at final follow-up were 48.7 ± 21.2% and

37.6 ± 14.2%, respectively, and the rate of correction loss

after treatment was 11.3 ± 6.5%. The Cobb angles of

scoliosis before treatment, during treatment, and at final

follow-up were 34 ± 14�, 19 ± 7�, and 22 ± 6�, respec-

tively; the correction rates during treatment and at final

follow-up were 44.4 ± 17.3% and 33.9 ± 14.4%, respec-

tively, and the rate of correction loss after treatment was

11.4 ± 4.3%. Calculation of the correction rate during

treatment differed significantly between the two radiolo-

gists when using the Cobb method (P \ 0.05); their cal-

culations of the correction rate and rate of correction loss

were not different (P [ 0.05). The measurement data of the

two radiologists using the Cobb method showed a weak to

moderate correlation (r = 0.49, 0.57, and 0.51, respec-

tively). When using the ALDT, there were no significant

differences between the radiologists in their measurements

of the correction rate during and after treatment (P [ 0.05)

or in the rate of correction loss. The measurement data of

the two radiologists using the ALDT showed a good to

excellent correlation (r = 0.92, 0.93, and 0.90,

respectively).

Conclusion The ALDT is better than the Cobb method

for therapeutic evaluation of scoliosis during treatment and

at follow-up visits.

Keywords Scoliosis � Radiography �
Curative effect assessment � Measurement

Introduction

Scoliosis is a common disease of teenagers and children.

The Cobb method is an important measurement for diag-

nosing scoliosis and for determining whether and what kind

of treatment is necessary. Moreover, the change of the

Cobb angle is a key criterion used to assess the clinical

curative effects of treatment for scoliosis [1, 2, 7, 8, 22].

Several researchers, however, have reported that the Cobb

method is prone to errors because there is a high degree of

variance in repeated measurements of the spinal curvature
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obtained. Incorrect measurements inevitably lead to a less

reliable scoliosis diagnosis and curative effect assessment

[13, 14, 16]. We have therefore developed a new mea-

surement method for scoliosis, named the axis-line-dis-

tance technique (ALDT) [9]. This method has precise

measuring points, a simple measurement procedure, low

measurement error, and good repeatability [9]. In the

present study, we further investigate the clinical value of

the ALDT for the therapeutic evaluation of scoliosis.

Materials and methods

Study subjects

A total of 57 (21 males and 36 females) idiopathic scoliosis

patients ranging in age from 11 to 26 (mean age

15.8 ± 3.5) years who had undergone treatment in our

hospital from June 2004 to December 2009 were recruited

in the study, and two cases with significant pelvic rotation

which affected the determining of the position of the pubic

symphysis and the assessing of scoliosis with ALDT were

excluded [9]. All of the 57 patients had complete follow-up

visit data and their X-ray images qualified according to

measurement requirements. Among the 57 patients, 47

were treated with conservative bracing therapy and 10 were

treated surgically. A total of 171 full-spine X-ray images of

all cases, which were taken before treatment, during con-

servative treatment or immediately after surgery (referred

to hereafter as ‘‘during treatment’’), and at final follow-up

after removing the brace or after surgery, were used for the

measurements. The pre-treatment X-ray image refers to the

last X-ray image obtained before treatment; the in-con-

servative-treatment X-ray image refers to the X-ray image

obtained within 2 weeks of the bracing treatment, when the

brace was worn by the subject; the immediate post-surgical

X-ray image refers to the X-ray image obtained within

2 weeks after surgery, and the final follow-up X-ray image

refers to the follow-up X-ray image taken at the final fol-

low-up after operation or after removing the brace during

the conservative treatment. The patients were followed-up

for 4 months to 5.5 years (mean follow-up duration

16.1 ± 2.8 months). The study was approved by our hos-

pital Ethics Committee, and all subjects provided written

informed consent prior to their participation in the study.

Imaging equipment and radiography

The imaging devices included a Siemens 500-mA X-ray

machine, an AGFA computed radiography (CR) System,

full leg and full spine software and image stand, radiology

information system (RIS), and a picture archiving and

communications system (PACS).

Each time an X-ray image was recorded, the patient was

required to stand in front of the image stand in a well-

accepted anatomic position (i.e., standing erect while

generally relaxing the body, facing forward, the upper

limbs at the sides with the palms turned forward (supi-

nated), and the feet pointing forward) [9]. Two or three

14 inch 9 17 inch imaging plates (IP) were placed in the

image stand to achieve multiple-exposure imaging from

the front and the back of the body at the same time with the

same focal film distance of 200 cm and exposure condi-

tions of 90–110 kV and 60–80 mA. After recording, the

image plates were scanned to generate two to three scan

images. The images were then assembled with the full

spinal imaging software into a full-spine image.

Measurement design

Adopting the ALDT and Cobb method, two senior radiol-

ogists A and B, who have undergone professional mea-

surement training, independently obtained measurements

of the curvature deviation and Cobb angle on a PACS work

station. The ALDT was performed as follows: A line

connecting the midpoint of the superior border of the pubic

symphysis and the central point of the seventh cervical

vertebra was denoted the axis line and was used as a

baseline for measurement [8]. The distance between the

axis line and the center of the curved vertebra was used to

assess the degree of spinal curvature [9]. In the present

study, this distance, measured by two radiologists, was

referred to the deviation distance between the apical ver-

tebra (the outermost vertebra from the axis line) of the

major curve (the most curved part) and the axis line

(Fig. 1). The Cobb method was performed as follows: The

upper end vertebra and the lower end vertebra of the curve

were determined in the full-spine X-ray image. A line was

then drawn parallel to the superior endplate of the upper

end vertebra and another line was drawn parallel to the

inferior endplate of the lower end vertebra. The angle

formed by the intersection of the two lines was the Cobb

angle. In the present study, all Cobb measurements were

performed without determining the upper and lower ver-

tebra in advance (Fig. 2) [18].

Statistical analysis

The data measured by the two radiologists were input to a

Microsoft Office Excel 2003 spreadsheet to calculate the

correction rate during treatment and at final follow-up and

the rate of correction loss after treatment. The calculations

were performed as follows (Figs. 3, 4) [23]:

Correction angle (or deviation distance) = scoliosis

angle (or deviation distance) before treatment -
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scoliosis angle (or deviation distance) during treatment

or at final follow-up,

Correction rate = correction angle (or deviation dis-

tance)/scoliosis angle (or deviation distance) before

treatment 9 100%, and

Rate of correction loss after operation = [scoliosis angle

(or deviation distance) at final follow-up - scoliosis

angle (or deviation distance) during treatment]/scoliosis

angle (or deviation distance) before treatment 9 100%.

A two-tailed mean comparison t-test was performed using

SPSS 12.0 software to compare the variance in the correction

rate during and after treatment and the rate of correction loss

obtained using ALDT and Cobb method between the two

radiologists. A P value of 0.05 was considered statistically

significant. The calculated data were shown as

mean ± standard deviation. The Pearson correlation method

was applied to analyze the data with r = 0 - 0.25 indicating

no significant correlation, r = 0.25 - 0.49 indicating a

weak correlation, r = 0.50 - 0.69 indicating a moderate

correlation, r = 0.70 - 0.89 indicating a good correlation,

and r = 0.90 - 1.00 indicating an excellent correlation

[12].

Results

ALDT measurement

By taking the mean measurements obtained by the two

radiologists as the final measuring result, the results were

as follows: (a) The lateral deviations of the apical vertebra

before treatment, during treatment, and at final follow-up

were 31 ± 14 mm, 16 ± 8 mm, and 20 ± 8 mm, respec-

tively; (b) The corrected deviation distance during treat-

ment was 15 ± 6 mm; (c) the lost deviation distance

during follow-up visits was 3 ± 1 mm; and (d) the cor-

rection rate during treatment and at final follow-up were

48.7 ± 21.2% and 37.6 ± 14.2%, respectively, and the

rate of correction loss after treatment was 11.3 ± 6.5%).

Fig. 1 Schematic diagram of the ALDT: a line is drawn to connect

the central point (a) of the seventh cervical vertebra and the midpoint

(b) of the superior border of the pubic symphysis, and line (ab) is the

axis line. To determine the apical vertebra, another line (cd) parallel

to the axis line is drawn along the convex side of the vertebra at the

peak of a scoliosis curve, and this outermost vertebra is considered the

apical vertebra. The crosspoint of diagonal lines of the apical vertebra

is considered the central point (e). The vertical distance (ef) between

this point and the line (ab) is the deviation distance of the scoliosis

Fig. 2 Schematic diagram of the Cobb method: A line (ab) is drawn

parallel to the superior endplate of the upper end vertebra and another

line (cb) is drawn parallel to the inferior endplate of the lower end

vertebra. The angle formed by the intersection of the two lines (ab)

and (cd) is the Cobb angle
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Cobb method measurement

By taking the mean measurements obtained by the two

radiologists as the final measuring result, the results were

as follows: The Cobb angles before treatment, during

treatment, and at final follow-up were 34 ± 14�, 19 ± 7�,

and 22 ± 6�, respectively. The corrected Cobb angle dur-

ing treatment was 16 ± 6�, the lost Cobb angle during

follow-up visits was 3 ± 1�, the correction rates during

treatment and at final follow-up were 44.4 ± 17.3% and

33.9 ± 14.4%, respectively, and the rate of correction loss

after treatment was 11.4 ± 4.3%.

Comparison between radiologists A and B

When using the Cobb method, there were no statistical

differences (P [ 0.05) in the correction rate after treatment

and the rate of correction loss, but there was a statistical

difference (P \ 0.05) in the correction rate during treat-

ment obtained between the two radiologists. On the whole,

the measurement data between the two radiologists had a

weak to moderate correlation (Table 1). When using the

ALDT, there were no statistical differences (P [ 0.05) in

the correction rate during and after treatment or in the rate

of the correction loss obtained between the two radiolo-

gists. On the whole, the measurement data between the two

radiologists had a good to excellent correlation (Table 1).

Comparison between the ALDT and the Cobb method

Comparison of the two methods indicated that there was no

statistical significance (P [ 0.05) and a moderate correla-

tion in the correction rate during treatment and at the last

follow-up visit and in the rate of correction loss after

treatment (Table 2).

Discussion

Scoliosis is a common disease of teenagers and children

with morbidity varying from 1.06 to 13.6% [1, 9]; over

80% of teenagers and children with scoliosis suffer from

idiopathic scoliosis, which often progresses and worsens

with age. The Cobb method is currently the most com-

monly used for assessing the scoliosis curvature. Accord-

ing to the Scoliosis Research Society (SRS), if a Cobb

Fig. 3 Correction rate of

conservative treatment obtained

using the ALDT. a The

deviation distance of the apical

vertebrae before treatment is

shown as line ef, b the deviation

distance of the apical vertebra

measured using the same

method when wearing the brace

is shown as line gh. Therefore,

the treatment-induced

correction rate is [(ef - gh)/

ef] 9 100%
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angle of less than 25�, these patients should undergo con-

servative treatment. Patients with mature skeletons and a

Cobb angle between 25 and 45� should be followed-up

every 5 years, and those patients with immature skeletons

and a Cobb angle between 25 and 45� should receive

bracing treatment and be followed-up every 4 to 6 months.

Those patients with a Cobb angle greater than 40–50�
should consider undergoing spinal orthomorphia [18]. For

both surgical treatment and conservative treatment, the

change in the degree of the scoliosis angle is considered a

key indicator of the success of treatment. In most related

articles [11, 18], a change of 5� was regarded as the judging

criterion. Therefore, accurate determination of the degree

of lateral curvature of the spine is crucial during follow-up

of scoliosis treatment.

Scoliosis is a three-dimensional deformity, including

lateral curvature on the coronal plane, forward curvature or

backward curvature on the sagittal plane, and rotation of

the spine on the axial plane [6, 7, 19]. Among the various

methods of measuring the degree of the lateral spinal

curvature on the coronal plane, the Cobb method, which

was recommended by the SRS, is a clinically widely

Fig. 4 Correction distance of

surgical treatment obtained

using the ALDT. a The

deviation distance of the apical

vertebra along the convex side

from the axis line before

treatment is shown as line ef,
b the deviation distance of the

apical vertebrae along the

convex side from the axis line

measured after surgery and

when wearing the brace is

shown as line ij. The treatment-

induced deviation distance is

(ef) – (ij)

Table 1 Correction rate and correlation obtained by two radiologists with two methods (x ± s, n = 57)

ALDT (%) Cobb method (%)

Correction rate

during treatment

Correction rate at the

last follow-up visit

Rate of

correction

loss

Correction rate

during treatment

Correction rate at the

last follow-up visit

Rate of

correction

loss

Radiologist A 48.9 ± 15.8 37.3 ± 16.2 11.8 ± 7.4 45.7 ± 16.1 34.3 ± 15.2 12.0 ± 3.2

Radiologist B 48.3 ± 24.3 37.9 ± 12.2 11.2 ± 5.2 41.9 ± 18.2 29.6 ± 12.4 11.3 ± 4.6

Mean 48.7 ± 21.2 37.6 ± 14.2 11.3 ± 6.5 44.4 ± 17.3 33.9 ± 14.4 11.4 ± 4.3

t value 0.17 0.13 -0.02 2.25 1.52 0.62

P value 0.78 0.90 0.98 0.04 0.16 0.52

Correlation

coefficient r
0.92 0.93 0.90 0.49 0.57 0.51

Eur Spine J (2012) 21:1075–1081 1079

123



applied and accepted measurement method [1, 2, 10, 18,

22]. Many researchers, however, have reported significant

intra- and inter-observer differences in repeated measure-

ments when using the Cobb method [13, 14, 16].

According to a report by Morrissy et al. [16], the mean

inter-observer statistical difference in measurements was

7.2� using the Cobb method if the upper and lower end

vertebra were not determined in advance; the mean inter-

observer statistical difference in measurements was 6.3�,

however, if the upper and lower end vertebra were deter-

mined in advance. Loder et al. [14] reported that, if the

upper and lower end vertebra were determined when

measuring the spinal curvature in patients with congenital

scoliosis with the Cobb method, the inter-observer statis-

tical difference in measurements was 9.6� and the intra-

observer statistical difference in repeated measurements

was 11.8�. If a change of 5� is used as the criterion to assess

the curative effect of scoliosis treatment during follow-up

visits, the accuracy of therapeutic evaluation will inevita-

bly be affected. In the present study, we found a statistical

difference in the correction rate during treatment obtained

by the two radiologists after they measured the same X-ray

image using the Cobb method. According to previous

studies [3, 9, 20], the causes of Cobb measurement errors

include body position during radiography, image quality,

deviation in determination of the end vertebra, subjectivity

in line-drawing, etc. Especially in follow-up patients,

variances in determining the upper and lower end vertebra

in repeated measurements are bound to affect the accuracy

of the therapeutic evaluation. For these reasons, we pro-

pose the ALDT to reduce the variance in scoliosis mea-

surements. With precise measuring points, a long interval

between repeated measurements or different observers with

different levels will not cause significant differences in the

results, thus ensuring accurate measurements [9]. Accord-

ing to the present study, the use of ALDT to assess the

curative effect on scoliosis did not produce significantly

different results, and there was an excellent correlation in

the correction rate obtained between the two radiologists.

The curative effect on scoliosis was predominately

evaluated by the change in the degree of the Cobb angle in

different clinical situations [4, 17]. In the present study,

when using the Cobb method, the correction angle during

treatment was 16 ± 6�, the correction rate was

44.4 ± 17.3%, and the correction during follow-up visits

was 3 ± 1�. When using ALDT, the corrected deviation

distance during treatment was 15 ± 6 mm, the correction

rate was 48.7 ± 21.2%, and the deviation distance loss

during follow-up visits was 3 ± 1 mm. As the units of

measurements obtained using the two methods are differ-

ent, we adopted a new parameter, the rate of correction

loss, to facilitate comparison between the two methods.

The rate of correction loss obtained using the Cobb method

was 11.4 ± 4.3% and that using the ALDT was

11.3 ± 6.5%. In this study, a moderate correlation was

observed between the ALDT and Cobb method, and there

was no statistical difference in the correction rate during or

after treatment, or in the rate of correction loss between the

two methods. These findings confirm that ALDT is useful

for assessing the curative effect of scoliosis treatment. The

measurements of the two radiologists indicated an excel-

lent correction and there was no statistical difference in the

correction rate or the correction loss with ALDT, although

there was a statistical difference in the correction rate

during treatment between the two observers when using the

Cobb method and the correlation was only moderate.

Therefore, the ALDT is better than the Cobb method to

assess the curative effect of scoliosis treatment.

It is worth mentioning that most researches on scoliosis

use sacral vertebra (S1) as a reference point [15, 21];

however, we used the pubic symphysis in the ALDT

method instead of the center point of S1 as a reference [9].

The main reasons are as follows. Firstly, on the single

exposure full-length spinal films adopted in this study, the

center point of X-ray is located at the thoracolumbar

junction, which will lead to unclear image sharpness of L5

and S1. Much more, the X-ray tiltedly penetrates the

sacrococcygeal vertebra, which will also lead to a little

overlapping of the L5 and S1 and unclear display of the

upper endplate of the S1. Secondly, in some clinical situ-

ation, such as sacral vertebra with severe congenital

abnormality or obscured by the intestinal contents, it is

difficult to identify the center point of S1, but the display of

pubic symphysis may not affected. Although this study

showed that the ALDT had practical value on the thera-

peutic evaluation of scoliosis, the evaluation accuracy will

be affected by the pelvic rotation or curve types of scoliosis

if we use the pubic symphysis as a reference. Especially for

patients with severe pelvic rotation, it is difficult to deter-

mine of the position of the pubic symphysis; so the ALDT

method is not suitable for these patients. It is one of inherit

limits of this method [9]. The same influence will exist

Table 2 Comparison of correction rate and rate of correction loss

obtained between two methods (x ± s, n = 57)

Correction rate

during treatment

(%)

Correction rate at

the last follow-up

visit (%)

Rate of

correction

loss (%)

ALDT 48.7 ± 21.2 37.6 ± 14.2 11.3 ± 6.5

Cobb method 44.4 ± 17.3 33.9 ± 14.4 11.4 ± 4.3

t value 1.34 0.71 0.22

P value 0.20 0.42 0.74

Correlation

coefficient r
0.66 0.54 0.52
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when S1 is used as a reference, but there’s no concern

about the S1 rotation’s influence on the accuracy of eval-

uation in previous literatures to date [5]. In the next step,

further study is needed to assess how the pelvic rotation

affects the evaluation.
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