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Abstract The deformity in idiopathic scoliosis (IS) is

three dimensional in nature and effective correction

involves all three planes. Even though the vertebral trans-

lation (VT) is an accepted element in the deformity along

with vertebral rotation(VR) as reported by Asher and Cook

(Spine (Phila Pa 1976) 20(12):1386–1391, 1995), Kotwicki

et al. (Study Health Technol Inf 123:164–168, 2006) and

Kotwicki and Napiontek (Pediatr Orthop 28(2):225–229,

2008), rib hump (rib hump index (RI)) and Cobb angle as

reported by Aaro and Dahlborn (Spine (Phila Pa 1976)

6(6):567–572, 1981), it was assumed that VT was repre-

sented by adequately by Cobb angle and it was not ana-

lysed individually. We hypothesized that the Cobb angle

and the VT measured in axial plane on CT scan and may

not represent the same measurement and factors like

coronal plane vertebral tilt,VR and vertebral deformation

might affect them in different ways. Hence, VT should be

considered as a separate variable and its relationship with

VR, RI and Cobb angle should be investigated. Since the

newer implants depend on curve translation and derotation

for correction studying the role of VT and the relationships

is important. VT, VR and RI were measured in CT scans of

75 patients with IS and correlated with Cobb angle.

Regression analysis was used to identify the influence of

the variables on each other. All the variables significantly

correlated with one another but the correlation of Cobb and

VT is not perfectly linear and it cannot be used to represent

VT. VT influences RI much more than Cobb angle or VR.

VT, therefore, merits further study treating it as an inde-

pendent variable.

Keywords Idiopathic scoliosis � Vertebral translation �
Rib hump � Vertebral rotation � Cobb angle

Introduction

It is well known that the deformity in idiopathic scoliosis

(IS) is three dimensional and correction involves all three

planes. CT scan has proven to be a useful tool in analysis of

the deformity and planning correction. Variables like Cobb

angle,rib hump, vertebral rotation (VR) and vertebral

translation (VT) which affect the curve have been studied

[1, 2] and some authors have even noted that rib hump may

be the first event [3–6]. The VR along the longitudinal axis

has received attention in recent years due to the popularity

of pedicle screw fixation [7–11]. Studies have also docu-

mented the relationship between VR, rib hump severity,

quantified as rib hump index (RI) and Cobb angle [12, 13].

The senior author had noted VT in axial CT scan in

number of cases of IS. While this is a known component of

the deformity [13–16] and studies have shown that defor-

mation of the vertebrae and VT have a linear relationship

in opposite directions and occur along with VR [15, 16],

analysis of VT has been neglected. It has been erroneously

thought to be represented by Cobb angle alone [13].

We hypothesized that Cobb angle (supine) measured on

radiographs cannot be used to represent VT and that VT

measured on axial sections of CT scan will not vary in

proportion to it since factors like coronal plane vertebral

tilt, rotation, rib hump and vertebral deformation may

affect the Cobb angle and VT differently. Hence, VT

should be considered as a separate variable and its
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relationship with other factors should be investigated. It is

even more important as the newer implants depend on

vertebral derotation and translation for curve correction.

Materials and methods

Following approval from our institutional review board, we

retrospectively reviewed the preoperative radiographs and

CT scans of 75 patients: 20 males (26.67%) and 55 females

(73.33%), with IS who subsequently underwent surgery for

the same. The mean age of the patients was 17.6 years

(range 5–63 years). 93.6% of curves were right sided and

6.33% were left sided.

All IS with documented onset before skeletal maturity

were included. Previously operated patients, non-idiopathic

scoliosis, adult scoliosis, IS with degenerative changes,

those who underwent only conservative treatment or those

who did not have a preoperative CT scan were excluded.

All patients were assessed with clinical and neurological

examination by the same surgeon. Preoperative radiologi-

cal assessment included standardised radiographs (full

length spine supine AP, erect PA, lateral and bending

views) and CT scan of the scoliotic spine. CT protocol used

was 2 mm slice thickness using Somatom Sensation 16,

Siemens AG, Erlangen, Germany. All CT scans were done

in supine position on a cushion and were reported by the

same radiologist. All radiological measurements were

done using picture archiving and communication system

(PiViewSTAR, InfiniitPACS, Version No:5.0.8.1, South

Korea) by three fellowship-trained spine surgeons.

Cobb angle was measured on supine and erect radio-

graphs. Lenke classification of the curve [17, 18] and risser

sign were noted. Some conventions were adopted for

measurements. In patients with multiple curve patterns or

double thoracic curves, the main thoracic curve was used

as the only measurement area to ensure uniformity. Lumbar

structural scoliosis was not analysed because we were

concerned with correlation of the parameters with rib

hump. We felt that consideration of lumbar curve patterns

may confound the results. In those cases with multiple

curve patterns, the lumbar curve and proximal thoracic

curve were taken into consideration only for the purpose of

Lenke classification.

VR, VT and RI were measured in the axial sections of

CT scan at the apex defined by the radiograph using

methods detailed below. The VR was measured on axial

CT sections with the protocol of Ho et al. [9, 19]. This was

chosen because of the simplicity of measurement with

easily identifiable landmarks and better intra and inter-

observer reliability over Aaro and Dahlborn method on all

except the abnormally titled vertebrae [10, 20, 21]. Rib

prominence was measured using RI described by Gotze and

Thulbourne and Gillespie and adapted by Aaro and Dahl-

born [13, 22, 23].

To measure the VT in axial plane of the CT scan, a

simple method was evolved (Fig. 1). Midpoint of sternal

width was marked at the apex of the curve in axial sections

of the CT scan. The horizontal distance from the centre of

the vertebral canal to the vertical line dropped form the

sternal centre was measured in millimeters as the VT.

The centre of sternum was chosen as it was identified as the

‘pole star’ bony point which was relatively stable in the

midline to which we could refer to measure translation of

the vertebra.

Three surgeons measured the same data set; one surgeon

repeating the measurement at an interval of 1 week. All

surgeons were fellowship trained in spine surgery and were

blinded to other’s measurements.

Statistical analysis

Statistical analysis was performed using SPSS Statistics

(v 17.0) software package. Descriptive statistics was ana-

lysed. Correlation co-efficient was evaluated using Pear-

son’s correlation co-efficient (r2) for intra and interobserver

analysis and correlation between all the variables. p value

of less than 0.05 was considered significant.

Contribution of the variables to one another was asses-

sed and the impact on each other was analysed with

regression analysis, changing the dependant variable from

Cobb (supine), VR, VT and RI. Adjusted R squared value

was noted to to assess the adequacy of models, but no cut

off value was decided. Instead, p value less than 0.05 was

considered significant. Collinearity statistics was also noted

in case of high correlation. Any correlation between the

Fig. 1 Measurement of the VT in axial section of the CT scan.

Measured in millimeters as the horizontal distance between the line
dropped from the centre of the spinal canal and the centre of the

sternal width
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variables can confuse the conclusions derived by regression

analysis. This could be brought out and correction done.

High-tolerance values close to 1.0 and the lower VIF on

collinearity statistics suggest that the variables do not

interfere with regression analysis. Since the study included

patients with ages of 5 years and 63 years, to discount the

effects of early onset IS and degenerative changes in a

long-standing idiopathic scoliosis, we redid the regression

models with those two patients excluded and compared the

results to the original set to assure ourselves of accuracy.

Observation and results

A total of 75 patients were measured. There were 20 males

(26.67%) and 55 females (73.33%). The average age was

17.16 years (SD of 8.97, range of 5–63 years). There were

70 right sided thoracic curves (93.33%) and 5 left sided

thoracic curves (6.67%). Maximum number of curves had

an apex of T8 (27 no., 36%) followed by T9 with 25 no

(33.33%) and T10 (10 no., 13.33%). Curve apex and Lenke

classes were distributed as detailed in Figs. 2 and 3,

respectively.

Cobb angles

The mean Cobb angle (supine) was 50.29� (range of

21.75�–128.7�, SD of 20.46� Cobb angle (standing) aver-

aged 61.14� (range of 24.31�–145�, SD of 22.06).

The intraobserver reliability of Cobb angle (supine) was

very good (r = 0.99, p \ 0.01) as was the interobserver

reliability with values of, r = 0.997, r = 0.942 with

p value\0.01 between observer one and two and observer

one and three, respectively. There was also very good intra

observer reliability in Cobb angle (standing) (r = 0.986,

p value\0.01). The inter observer reliability was also very

high; r = 0.998 and r = 0.936 with p value \0.01,

between observer one and two and observer one and three,

respectively.

Correlation between Cobb angles (supine and standing)

with VR, VT and RI was significant with p value \0.001

and age with p value of\0.05. The correlation of the Cobb

Fig. 2 Distribution of the apex

of the curves

Fig. 3 Distribution of the

Lenke classes in the patient

group
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angle (supine) and Risser stage was not statistically sig-

nificant (Table 1; Fig. 4a–h).

Vertebral rotation

The mean VR was 17.22� (range 1.72–57.24, SD 11.07). It

had very good intraobserver reliability (r = 0.928, p value

\0.01) and interobserver reliability (r = 0.932 and

r = 0.973, p value of\0.01 between observer one and two

and observer one and three, respectively).

The correlations of VR with Cobb angle (supine)

(r = 0.478, p value \0.001), Cobb angle (standing)

(r = 0.516, p value \0.001), RI (r = 0.36, p value =

0.002) and VT (r = 0.317, p value = 0.006) are statisti-

cally very significant. However, its r values with RI and

VT are lower than its correlation with Cobb angle,

Table 1 Correlation matrix of Cobb angle (supine, standing), axial VR, RI, VT, risser stage and age of patient
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Fig. 4 a Correlation between Cobb (standing) and vertebral rotation.

b Correlation between Cobb (supine) and vertebral rotation. c Corre-

lation between Cobb (standing) and rib hump index. d Correlation

between Cobb (supine) and rib hump index. e Correlation between

Cobb (standing) and vertebral translation. f Correlation between Cobb

(supine) and vertebral translation. g Correlation between vertebral

translation and vertebral rotation. h Correlation between rib hump

index and vertebral rotation. i Correlation between rib hump index

and vertebral translation
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indicating a weaker correlation of VR with RI and VT

(Table 1; Fig. 4a–h).

Rib hump index

The mean RI was 0.24 (range 0.01–2.61, SD 0.34). The

RI had a good intraobserver reliability (r = 0.71, p value

\0.01) and interobserver reliability with r = 0.837 and

r = 0.944, each with p value of \0.01, between observer

one and two and observer one and three, respectively.

The RI intraobserver reliability values were lower than

the interobserver values. We did not re-measure RI as

the intraobserver correlation was still significant

(p \ 0.01) and the interobserver reliability was very

high.

There was statistically significant correlation of

RI with VR (r = 0.36, p value = 0.002), VT (r =

0.687, p value \0.001), supine Cobb (r = 0.601, p value

\0.001) and standing Cobb (r = 0.593, p value \0.001).

It is noticeable that the VT seems to correlate better than

other measures with RI. As noted above, VR has the

least r value with RI among the variables studied

(Table 1; Fig. 4a–h).

Vertebral translation

The mean VT was 36.9 mm. (range 0.59–148.86 mm, SD

20.95). The VT had very good intraobserver reliability

(r = 0.96, p value\0.01) and interobserver reliability with

r = 0.954 and r = 0.989, each with p value of \0.01,

between observer one and two and observer one and three,

respectively.

There was statistically significant correlation of VT with

VR (r = 0.317, p value = 0.006), RI (r = 0.687, p value

\0.001), supine Cobb(r = 0.657, p value \0.001) and

standing Cobb (r = 0.675, p value\0.001). It is noticeable

that the correlation of the VT with the Cobb (supine and

standing), even though high, is not close enough to r = 1.0

indicating that, as hypothesized, VT does not vary in a

linear manner with Cobb angle and hence it should prob-

ably be treated as an independent parameter (Table 1;

Fig. 4a–h).

Regression analysis

Keeping the Cobb angle (supine) as the dependent variable,

the predictors were analysed. Using the enter method of

Fig. 4 continued
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SPSS; a significant model emerged (p \ 0.001 adjusted R

square = 0.506.) (Table 2). VT had the highest predictive

value and impact on Cobb angle (supine), signified by the

high beta value and t value, and followed by VR. Inter-

estingly, RI is not a strong predictor and does not have

impact on Cobb angle (supine) and value was not statisti-

cally significant, as were Risser and age. Collinearity sta-

tistics were favourable (Table 2). However, it should also

be noted that even though the present model is very sig-

nificant (p \ 0.001) it accounted for only 50.6% of the

variance observed.

Keeping the VT as the dependent variable, the predic-

tors were analysed. Using the enter method of SPSS; a

significant model emerged (p \ 0.01 F = 19.866, adjusted

R square = 0.56) (Table 3). Model’s adjusted R square

value had improved when VT was used as the dependent

Table 2 Regression coefficients with Cobb (supine) as the dependent variable

Coefficientsa

Model Unstandardized coefficients Standardized coefficients t Sig. Collinearity statistics

B Std. error Beta Tolerance VIF

All patients

1 (Constant) 27.747 4.962 – 5.592 0.000 – –

VR 0.509 0.164 0.276 3.106 0.003 0.847 1.181

RI 13.281 6.947 0.221 1.912 0.060 0.500 1.999

VT 0.436 0.113 0.446 3.857 0.000 0.498 2.007

Risser -0.164 1.170 -0.013 -0.140 0.889 0.751 1.331

Age -0.144 0.226 -0.063 -0.639 0.525 0.680 1.471

Patients with aged between 5 and 63 years excluded

1 (Constant) 27.694 5.153 – 5.375 0.000 – –

VR 0.584 0.166 0.313 3.526 0.001 0.818 1.223

RI 14.623 7.082 0.245 2.065 0.043 0.460 2.173

VT 0.409 0.111 0.421 3.688 0.000 0.495 2.020

Risser -0.684 1.209 -0.055 -0.566 0.573 0.690 1.450

Age -0.113 0.315 -0.039 -0.359 0.721 0.538 1.858

a Dependent variable: Cobb (supine)

Table 3 Regression coefficients with vertebral translation (VT) as the dependent variable

Coefficientsa

Model Unstandardized coefficients Standardized coefficients t Sig. Collinearity statistics

B Std. error Beta Tolerance VIF

All patients

1 (Constant) 3.715 5.763 – 0.645 0.521 – –

Cobb (supine) 0.407 0.106 0.397 3.857 0.000 0.560 1.786

Risser 0.610 1.128 0.048 0.541 0.590 0.754 1.326

Age 0.326 0.216 0.140 1.513 0.135 0.698 1.432

VR -0.121 0.169 -0.064 -0.718 0.475 0.749 1.336

RI 25.202 6.185 0.409 4.075 0.000 0.589 1.697

Patients with aged between 5 and 63 years excluded

1 (Constant) 4.306 6.172 – 0.698 0.488 – –

Cobb (supine) 0.413 0.112 0.401 3.688 0.000 0.520 1.922

Risser 0.810 1.213 0.063 0.667 0.507 0.691 1.447

Age 0.222 0.315 0.075 0.706 0.483 0.541 1.847

VR -0.118 0.181 -0.061 -0.651 0.517 0.694 1.441

RI 25.792 6.629 0.419 3.891 0.000 0.530 1.886

a Dependent variable: VT
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variable. VT could be strongly predicted with Cobb

(supine) and RI (p value \0.01). RI had the largest beta

value and t value, suggesting that changes in small changes

in values impact VT more than other variables. However,

the VR, Risser and age were not significant predictors.

The influence of VR on VT decreased to a statistically

insignificant vale when test were repeated with patients

aged 5 and 63 years were done. However, Cobb (supine)

and RI retained the high significance levels.

In turn, RI was kept as the dependent variable and using

the enter method a significant model emerged (p \ 0.01

F = 15.249, adjusted R square = 0.525) (Table 4). RI

could be strongly predicted with VT (p value\0.001). VT

in addition had a higher beta and t value signifying that

changes in VT can impact RI more than other variables.

Interestingly, RI was not significantly impacted by changes

in Cobb angle or VR in spite of good correlations obtained

earlier. Risser and age were not significant predictors.

When we repeated the regression with patients with ages

5 and 63 years excluded, there was a shift in the relation-

ship of Cobb (supine) with RI. The repeat analysis yielded

a p value of 0.043 and it was significant. However, this is

only slightly less that the significance level of 0.05 and the

difference in the way VT and Cobb influenced to RI per-

sisted as evidenced by the high beta and t value between

VT and RI which was still much higher than that of Cobb

(supine) and RI (Table 4).

Keeping VR as the dependent variable enter method

yielded a significant model (p \ 0.01 F = 4.769, adjusted R

square = 0.203) (Table 5). There were several interesting

findings. None of the variables, except the Cobb angle had

any significant predictive value and impact on VR (p value

\0.01). This is even more interesting in the light that these

variables had significant correlations with each other. Even

though the model was significant, it also had the lowest

adjusted R squared value in the analysis performed. Even

though there seems to be no universally agreed cut off point

for adjusted R squared value, the current model with a value

of 0.203 and its included variables, means that it could only

explain about 20.3% of the variance observed in VR.

The results were more or less similar with only the Cobb

(supine) having any influence on VR when the regression

was repeated with the patients with ages 5 and 63 years

excluded. In fact the influence of RI on VR and VT on VR

decreased further and were statistically insignificant. The

influence of Cobb (supine) remained more or less the same

at a high significance level.

Discussion

The apex vertebra distribution in our series for IS is

comparable with other reported series [13]. In our series the

highest number apex was at the level of T8 followed by T9.

The relationship of scoliosis, VR and the RI has been well

studied [1, 2, 10, 13]. Specifically, Aaro et al. [13] studied

the relationship between Cobb angle, VR and RI and

concluded that all factors were significantly correlated.Our

results on correlations agree well with equivalent correla-

tions in other series [1, 13] (Table 6).

Table 4 Regression coefficients with rib hump index (RI) as the dependent variable

Coefficientsa

Model Unstandardized coefficients Standardized coefficients t Sig. Collinearity statistics

B Std. error Beta Tolerance VIF

All patients

1 (Constant) -0.352 0.092 – -3.833 0.000 – –

Cobb (supine) 0.004 0.002 0.228 1.912 0.060 0.485 2.061

VT 0.008 0.002 0.474 4.075 0.000 0.509 1.966

Risser 0.007 0.020 0.034 0.359 0.721 0.752 1.329

Age 0.003 0.004 0.074 0.736 0.464 0.681 1.468

VR 0.002 0.003 0.076 0.793 0.430 0.750 1.333

Patients with aged between 5 and 63 years excluded

1 (Constant) -0.403 0.091 – -4.449 0.000 – –

Cobb (supine) 0.004 0.002 0.245 2.065 0.043 0.460 2.174

VT 0.007 0.002 0.440 3.891 0.000 0.504 1.983

Risser -0.002 0.020 -0.009 -0.092 0.927 0.686 1.457

Age 0.011 0.005 0.225 2.121 0.038 0.573 1.744

VR 0.000 0.003 0.000 -0.001 0.999 0.690 1.450

a Dependent variable: RI
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Vertebral translation and its correlations

Clarifying the interrelationship of VT is important in an era

where the implants correct the curves mainly by translation

and derotation. We had hypothesised that VT cannot be

represented by Cobb angle(supine) alone. As per our

results, our hypothesis has been proven.

VT and its relation to variables like VR and deformation

has been well described in literature. Kotwicki et al. [15,

16] have described the VT and its association with defor-

mation and rotation. They found that the vertebral defor-

mation accompanied the translation in a linear correlation

with the phenomenas developing in opposite directions.

Asher et al. [14] found that the vertebra translate and rotate

away toward the apex and that translation occurred along

with rotation. There was minimal antero-posterior transla-

tion. Acaroglu et al. [24] studied the actual apex, defined as

the maximally translated vertebra and found that it was the

most rotated in only a minority of the cases and the most

rotated vertebra may be one or two level higher or lower to

apex.

Inspite of these studies, we were unable to find any

references which have studied the correlations between VT

and Cobb angle, VR and RI, save the one by Aaro et al.

[13]. Aaro et al. [13] measured the VT (MLdev in their

notation) indirectly as the angular deviation of the apical

vertebra from the sagittal plane on radiographs. Since VT

correlated with Cobb angle (r = 0.76) it was concluded

that Cobb angle gave fair representation of VT and VT was

not analysed. Interestingly, even while reaching this con-

clusion, they have cited studies which state that Cobb angle

was unreliable estimate and that VT should also be mea-

sured in addition to it [25, 26].

In our study, VT and the Cobb (supine) are closely

related to each other and the correlation is significant

(r = 0.657, p \ 0.01). However, this is lower than the

Table 6 Studies correlating vertebral rotation, vertebral translation and rib hump to Cobb angle

Coob/VR Cobb/RI Cobb/VT VR/VT VR/RI VT/RI

Aora et al. [12] r = 0.68

p \ 0.01

r = 0.34

p \ 0.05

r* = 0.76

p \ 0.01

– r = 0.60

p \ 0.05

–

Kuklo et al. [1] r = 0.48

p = 0.003

r = 0.65

p \ 0.0001

– – r = 0.53

p = 0.002

–

Present study r = 0.478

p \ 0.001

r = 0.60

p \ 0.001

r = 0.657

p \ 0.001

r = 0.317

p = 0.006

r = 0.36

p = 0.002

r = 0.687

p \ 0.001

r* Aaro et al. used angular measure of MLdev on radiographs as an indirect measure of VT

Table 5 Regression coefficients with vertebral rotation (VR) as the dependent variable

Coefficientsa

Model Unstandardized coefficients Standardized coefficients t Sig. Collinearity statistics

B Std. error Beta Tolerance VIF

All patients

1 (Constant) 2.509 4.101 – 0.612 0.543 – –

Cobb (supine) 0.241 0.078 0.445 3.106 0.003 0.525 1.904

RI 3.871 4.879 0.119 0.793 0.430 0.479 2.086

VT -0.061 0.085 -0.116 -0.718 0.475 0.413 2.422

Risser 0.144 0.804 0.021 0.179 0.859 0.751 1.331

Age 0.167 0.155 0.135 1.078 0.285 0.687 1.455

Patients with aged between 5 and 63 years excluded

1 (Constant) -0.840 4.175 – -0.201 0.841 – –

Cobb (supine) 0.268 0.076 0.500 3.526 0.001 0.513 1.950

RI -0.007 4.948 0.000 -0.001 0.999 0.433 2.312

VT -0.053 0.082 -0.103 -0.651 0.517 0.414 2.415

Risser 0.169 0.821 0.025 0.207 0.837 0.687 1.456

Age 0.344 0.209 0.223 1.647 0.104 0.559 1.789

a Dependent variable: VR

Eur Spine J (2011) 20:1095–1105 1103

123



figure of (r = 0.76) Aaro et al. obtained in their study. Our

contention to the conclusion of Aaro et al. that Cobb angle

can be used as the lone frontal plane deformity estimate is

that, the correlation, even while it is statistically significant,

is not high enough to be perfectly linear to completely

discard the variable VT from analysis. Doing so risks

losing important differences in correlation that VT may

have with other variables.

For example, VR behaves differently to Cobb angle

(supine), VT and RI. VR had good correlation with Cobb

angle (supine) (r = 0.478, p value\0.001), VT and RI but

it has significant impact only on Cobb angle. The effect of

VT and RI on VR further decreased when analysis was

done after excluding the patients aged 5 and 63 years but

the influence of Cobb (supine) on VR remained significant.

It should be kept in mind that even though the regression

model for VR is statistically significant, the adjusted R

squared value was the lowest and the model accounted for

only 20.3% of variance. This means that there may be other

factors influencing in the relationships. Another example of

the different behaviour exibited by VT and Cobb angle is

that VT impacts RI and Cobb (supine) to the maximum

extent. The impact of VT on RI is much more than that of

Cobb angle (supine) on RI.

Thus, it is clear that if VT could be represented by Cobb

angle (supine), VT would have followed the behaviour of

Cobb angle with other variables closely in addition to having

good correlations with it. Thus, VT seems to be an inde-

pendent element that deserves more attention [14–16, 24].

Possible limitations and future improvements

of the study

To answer the question that has not been adequately

addressed we chose a large patient base and included all IS

cases. Future studies can filter out the relationships in

groupings like juvenile or adolescent IS, removing con-

founding elements, if any. We have included all curves

with a structural thoracic element. Future studies can group

them and study individual curve patterns possibly adding

other variables and 3D CT imaging to bring out more

details. Intraobserver RI measure had a lower reliability,

but it was statistically very significant and had very good

correlation with interobserver values, so we did not

remeasure them. All the models were significant, but the

adjusted R squared values could only explain 50–56% of

the variance in the values observed. In the case of regres-

sion model of VR, the adjusted R square value was even

lower at 0.203. Since all the models were significant sta-

tistically (p \ 0.001) and there was no universally agreed

cut off value for adjusted R squared value, we went ahead

with the analysis. This possibly means that there are other

variables which are influencing these variables. Inclusion

of other variables like sagittal vertebral rotation, kyphosis

and lordosis, antero-posterior VT could add more corrob-

oration to conclusions.

Conclusion

Our hypothesis that VT cannot be represented by ade-

quately with Cobb angle (supine) has been substantiated.

The relationship of VT with other variables like RI, VR

and Cobb angle has been analysed. Even though all vari-

ables had significant correlations, VT seems to impact RI

to the greatest extent, even more than Cobb or VR. Con-

sidering that various studies have cited RI as the initial

event in development of the curve and since the impact of

VT on RI is significant, it is all the more important that VT

should be analysed further. Analysis of the differences in

groups of infantile, juvenile and adolescent IS will help

further define the interrelationships.
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20. Göçen S, Aksu MG, Baktiroğlu L, Ozcan OJ (1998) Evaluation of

computed tomographic methods to measure vertebral rotation in

adolescent idiopathic scoliosis: an intraobserver and interobserver

analysis. Spinal Disord 11(3):210–214

21. Lam GC, Hill DL, Le LH, Raso JV, Lou EH (2008) Vertebral

rotation measurement: a summary and comparison of common

radiographic and CT methods. Scoliosis 3:16

22. Thulbourne T, Gillespie R (1976) The rib hump in idiopathic

scoliosis. measurement, analysis and response to treatment.

J Bone Joint Surg Br 58(1):64–71

23. Götze HG (1975) Significance of the rotation index for the

prognostic evaluation of idiopathic thoracic scoliosis. Z Orthop

Ihre Grenzgeb 113(4):563–565

24. Acaroglu E, Yazici M, Deviren V, Alanay A, Cila A, Surat A

(2001) Does transverse apex coincide with coronal apex levels

(regional or global) in adolescent idiopathic scoliosis? Spine

(Phila Pa 1976) 26(10):1143–1146

25. George K, Rippstein J (1961) A comparative study of the two

popular methods of measuring scoliotic deformity of the Spine.

J Bone Joint Surg 43:809–818

26. Lindahl O, Movin A (1968) Measurement of the deformity in

scoliosis. Acta Orthop Scand 39(3):291–302

Eur Spine J (2011) 20:1095–1105 1105

123


	Does lateral vertebral translation correspond to Cobb angle and relate in the same way to axial vertebral rotation and rib hump index? A radiographic analysis on idiopathic scoliosis
	Abstract
	Introduction
	Materials and methods
	Statistical analysis
	Observation and results
	Cobb angles
	Vertebral rotation
	Rib hump index
	Vertebral translation
	Regression analysis

	Discussion
	Vertebral translation and its correlations
	Possible limitations and future improvements of the study

	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


