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	 Summary
	 Background:	 Scoliosis is traditionally evaluated by measuring the Cobb angle in radiograph images taken while 

the patient is standing. However, low-dose computed tomography (CT) images, which are taken 
while the patient is in a supine position, provide new opportunities to evaluate scoliosis. Few studies 
have investigated how the patient’s position, standing or supine, affects measurements. The purpose 
of this study was to compare the Cobb angle in images from patients while standing versus supine.

	 Material/Methods:	 A total of 128 consecutive patients (97 females and 21 males; mean age 15.5 [11–26] years) with 
late-onset scoliosis requiring corrective surgery were enrolled. One observer evaluated the type 
of curve (Lenke classification) and measured the Cobb angle in whole-spine radiography (standing) 
and scout images from low-dose CT (supine) were taken on the same day.

	 Results:	 For all primary curves, the mean Cobb angle was 59° (SD 12°) while standing and 48° (SD 12°) 
while in the supine position, with a mean difference of 11° (SD 5°). The correlation between 
primary standing and supine images had an r value of 0.899 (95% CI 0.860–0.928) and an intra-
class correlation coefficient value of 0.969. The correlation between the difference in standing and 
supine images from primary and secondary curves had an r value of 0.340 (95% CI 0.177–0.484).

	 Conclusions:	 We found a strong correlation between the Cobb angle in images obtained while the patient was 
standing versus supine for primary and secondary curves. This study is only applicable for patients 
with severe curves requiring surgical treatment. It enables additional studies based on low-dose CT.
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Background

Scoliosis is typically evaluated by measuring the Cobb 
angle using whole-spine radiographic images obtained 
while the patient is standing (posterior-anterior view) [1]. 
Several studies have shown the variability and reliability 
of Cobb angle measurements [2–4]. A scoliotic deformity 
consists of axial rotation of the vertebrae and displacement 
and rotation in the coronal plane, resulting in a three-
dimensional deformity. The apical vertebra of the prima-
ry curve is always the most rotated of all the vertebrae. 
This axial rotation limits the use of the Cobb angle because 
it only measures the projection of the curve onto a two-
dimensional plane.

Although plane radiographs can be used to measure ver-
tebral rotation [5], they are unreliable because high-qual-
ity images are required. Consequently, some studies have 
assessed vertebral rotation using computed tomography 
(CT) images [6,7]. Because two-dimensional images provide 
limited information about scoliosis, several researchers 
have highlighted the need for 3-dimensional methods4[8,9]. 
Three-dimensional images and reconstructions can be 
generated using biplanar standing radiographs [10], CT, or 
magnetic resonance imaging (MRI). MRI does not use radi-
ation, but it is time-consuming and not ideal for skeletal 
assessments compared with CT.
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CT, which is performed while the patient is in a supine 
position, is readily available but requires relatively 
high radiation doses. Recently, however, low-dose CT 
was shown to be reliable for evaluating scoliosis [11,12]. 
Basically, a low-dose protocol for spinal CT defines the 
radiation settings of the X-ray tube to give as low an effec-
tive dose to the patient as possible, while ensuring that the 
image quality is at the lowest acceptable level for a correct 
assessment. Compared to the standing position used with 
whole-spine radiography, the supine positioning results in 
a weaker gravitational load on the spine. This difference 
should be considered when comparing such images; that 
is, gravitational loads influence how the magnitude of the 
deformity is evaluated in all planes. Only a few studies 
have investigated these changes [13–17].

Measurements made while the patient is in a supine posi-
tion may also be affected by derotation due to the rib hump. 
Three-dimensional reconstructions of scoliotic deformi-
ties would allow us to assess the complex shape of the 
deformed spine. In addition, the deformity and rotation of 
each vertebra can be evaluated separately, providing more 
complete information about the spinal deformity and its 
etiology. To continue with planned studies of a new tech-
nique for 3-dimensional reconstructions and evaluation of 
vertebral rotation based on low-dose CT, we investigated 
the characteristics of deformities seen while the patient 
was in a supine position. The aim of this study was to com-
pare the Cobb angle in images while the patient was stand-
ing (whole-spine radiation) versus supine (low-dose CT).

Material and Methods

This retrospective observational study included raw data 
collected from patients requiring surgical correction for 
scoliosis at the Department of Spinal Surgery in Linkoping, 
Sweden, from May 2006 to December 2011. The inclusion 
criteria were patients diagnosed with late-onset (>10 years 
of age) idiopathic scoliosis who required corrective surgery. 
Patients with neuromuscular scoliosis, congenital scoliosis, 
early-onset idiopathic scoliosis, previous spinal surgery or 
atypical left-convex thoracic curves were not included. A 
total of 128 consecutive patients met the inclusion criteria 
(97 females and 31 males), with 82 thoracic and 46 lumbar 
main structural curves. Patients’ baseline characteristics 
are shown in Table 1.

Days prior to the operation, whole-spine radiographs 
(standing position) and low-dose CT images (supine posi-
tion) were obtained less than one hour apart. The mean 
effective doses were 0.1 mSv and 0.36 mSv for radiographs 
and low-dose CT, respectively. The protocol for obtaining 
low-dose CT images was the same as that used by Abul-
Kasim et al. [11] and was used with their permission. One 
observer (LV), who was an intern at the time with two 
years of experience in spinal imaging evaluation, meas-
ured the Cobb angles (IDS 7, Sectra Imtec AB, Linkoping, 
Sweden). The Cobb angle was defined as the angle between 
the endplates of the vertebrae in a curvature using the cor-
onal plane images from the whole-spine radiographs and 
the scout picture from the low-dose CT image (Figure 1). 
The scout picture is available only for the frontal plane. 
Blinded measurements were performed on separate 

occasions. The low-dose CT scan is part of our pre-oper-
ative routine; thus, this study did not involve the use of 
additional radiation. The purpose of the low-dose CT scan 
is for pre-operative planning and safer instrumentation.

Age at the pre-operative examination, Lenke classifica-
tion [18], Cobb angle for the standing and supine positions, 
and the absolute and relative difference between the stand-
ing and supine images were recorded for all patients. The 
correlation between the standing and supine images was 
calculated for both the primary and secondary curves. 
To determine the reliability of the observer, the measure-
ments were repeated twice in 10 randomly chosen patients, 
resulting in a total of 30 measurements.

The regional ethics committee (Linkoping, Sweden) 
approved the study (2012/366-31). All patients were 
informed that their images could be used in research and 
all had the opportunity to decline participation. Since no 
additional radiological examinations were performed and 
the treatment was unchanged regardless of participation, 
no written consent was considered necessary.

Statistical analyses were performed with Statistica version 
10 (StatSoft. Inc. 2011) and IBM SPSS statistics version 20. 
Data are presented as proportions or means with standard 
deviations (SD). The Student’s t-test was used to determine 
the significance of the differences between standing and 
supine Cobb angles, age of females and males, and thoracic 

Number of patients 128

	 Thoracic curves 82

	 Lumbar curves 46

Females 97

	 Thoracic curves 63

	 Lumbar curves 34

Males 31

	 Thoracic curves 19

	 Lumbar curves 12

Lenke classification

	 Type 1 22

	 Type 2 21

	 Type 3 27

	 Type 4 10

	 Type 5 23

	 Type 6 25

Age

	 Mean 15.5 years

	 Range 11–26 years

Table 1. Baseline characteristics for the primary curves.
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and lumbar curves among females and males. Pearson cor-
relation coefficient was used to compare the correlation 
between the Cobb angle measurements in the standing 
and supine images. An r value of 1 or −1 indicated a per-
fect linear correlation, whereas an r value of 0 indicated 
a total absence of a linear correlation [19]; 95% confidence 
intervals (CI) were also calculated for the correlations. The 
Fisher r-to-z transformation was used to investigate differ-
ences in correlations. The difference between standing and 

supine measurements was evaluated by means of a Bland-
Altman plot. The intra-class correlation coefficient (ICC) 
was calculated to evaluate the reliability of the measure-
ments. An ICC value of 1 indicated perfect agreement and 
a value of 0 indicated no agreement at all [20]. A value of 
P<0.05 was considered statistically significant. Based on 
numbers from Torell et al. (1985), at least 47 patients were 
needed to obtain a 95% two-sided CI and a power of 80%.

Figure 1. �The left image shows a traditional whole spine radiograph. The right image shows the scout picture obtained with low-dose CT in the 
same patient. The images were taken on the same day before planned corrective surgery.
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Results

For all primary curves, the mean Cobb angle was 59.2° (SD 
11.5°, range 41.1° to 116.4°) for standing images and 48.1° 
(SD 11.7°, range 23.1° to 93.5°) for supine images. The mean 
difference between the standing and supine measure-
ments was 11.1° (SD 5.2, range 1.9° to 27.0°). For second-
ary curves, the mean Cobb angle was 38.6° (SD 11.8°, range 
14.5° to 80.3°) for standing images and 30.8° (SD 11.5°, 
range 6.2° to 68.1°) for supine images (Table 2).

The regression line for all primary curves was calculated 
using the following equation: 

y=09.1 * c–5.96

where y is the supine Cobb angle and x is the standing Cobb 
angle. The r value was 0.899 (95% CI 0.860–0.928) and the 
r² value was 0.809 (Figure 2). The Fisher r-to-z transforma-
tion revealed no significant difference between the correla-
tions for primary thoracic and lumbar curves (two-tailed 
P=0.960).

The equation for the regression line for all secondary 
curves was calculated using the following equation: 

y=09.1 * c–4.21

where y is the supine Cobb angle and x is the standing Cobb 
angle. The r value was 0.933 (95% CI 0.907–0.952) and the 
r² value was 0.870 (Figure 3). The Fisher r-to-z transforma-
tion revealed no significant differences between the cor-
relations for secondary thoracic and lumbar curves (two-
tailed P=0.555).

Subgroup characteristics were collected with regards to 
age, standing and supine Cobb angles, and the difference 
between the standing and supine Cobb angles in females 
and males with thoracic or lumbar curves (Table 3). A sig-
nificant difference was found between standing and supine 
Cobb angles for all types of curves (P<0.001) and between 
age in females and males (P<0.021). The difference between 
standing Cobb angles for primary and secondary curves and 
the difference between standing and supine Cobb angles in 
both primary and secondary curves were significant (all 
P<0.001). No significant difference was found between 
females and males with regard to standing (P=0.504) and 
supine (P=0.361) Cobb angles or the difference between 
standing and supine Cobb angles (P=0.568). Table 4 pre-
sents the results from the repeated measurements. No 
significant differences were found between the measure-
ments, but the correlations between them were significant 
(Table 5). The ICC was 0.969 (95% CI 0.913–0.991). Figure 4 
shows a Bland and Altman diagram over the difference 
between standing and supine Cobb angle measurements.

N Standing Cobb Supine Cobb Difference 95% CI

Primary curves 128 	 59.2	 (11.5) 	 48.1	 (11.7) 	 11.1	 (5.2) 10.2–12.0

	 Thoracic curves 82 	 61.5	 (12.4) 	 50.2	 (12.1) 	 11.3	 (5.6) 10.1–12.5

	 Lumbar curves 46 	 55.1	 (8.4) 	 44.4	 (9.9) 	 10.7	 (4.5) 9.4–12.0

Secondary curves 128 	 38.6	 (11.8) 	 30.8	 (11.5) 	 7.8	 (4.3) 7.1–8.6

	 Thoracic curves 41 	 39.2	 (12.2) 	 33.0	 (10.7) 	 6.2	 (4.0) 5.0–7.9

	 Lumbar curves 87 	 38.4	 (11.7) 	 29.8	 (11.8) 	 8.6	 (4.2) 7.7–9.5

Table 2. Mean data grouped by curve type. All angles are given in mean degrees (standard deviation).
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Figure 2. �The linear correlation between the Cobb angles measured 
while patients were standing and in a supine position 
for the 128 primary curves, both thoracic and lumbar. 
y=0.91*x – 5.96; r=0.899; r²=0.809. The blue bars indicate 
predicted values.
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Figure 3. �The linear correlation between Cobb angles measured while 
the patient was standing and in a supine position for all 
secondary curves, both thoracic and lumbar. y=0.91*x – 
4.21; r=0.933; r²=0.870. The blue bars indicate predicted 
values.
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Discussion

In recent years, the need for 3-dimensional reconstructions 
has been suggested by both clinicians and organizations 
such as the Scoliosis Research Society for the evaluation 
and diagnosis of scoliosis. The use of CT for this purpose 
has been questioned, mainly because of the radiation expo-
sure. However, Kalra et al. [12] showed that good-quality 
images can be obtained using very low radiation doses. The 
combination of low-dose CT and the high availability of CT 
scanners provide an interesting opportunity to use CT for 
3-dimensional reconstructions. We currently work with 
such a method to generate 3-dimensional reconstructions. 
In order to continue with our method, we wanted to inves-
tigate the relationship between supine and standing Cobb 
angles.

Our results show strong correlations between the Cobb 
angles measured from radiographs while the patient is 
standing and low-dose CT scout images while the patient 
is in a supine position. The correlation was strong irre-
spective of the size of the curve or its location (thoracic 
or lumbar). Repeated measurements by a single observer 
showed that the variance between the measures was small, 
with a high ICC value and small differences in absolute 
degrees. These results indicate that the Cobb angle decreas-
es approximately 11° for primary curves, irrespective 

of the size of the deformity (approximately 40° to 120°) 
in the coronal plane when measured while the patient is 
in the supine position versus standing. Our results sup-
port the assumption that the difference is absolute rather 
than proportional. Although these findings concur with 
Torell et al. [13], Torell’s material does not differentiate 
between thoracic and lumbar curves and does not include 
males.

Our study found one significant difference between females 
and males; females were younger. This finding may reflect 
the earlier skeletal growth and maturation of females. 
Despite this difference in age, our study found no signifi-
cant difference in either the distribution of curve type 
or the size of the Cobb angle. Our study shows a larger 

Measurement N Mean

1 10 	 12.64	 (6.9)

2 10 	 12.45	 (7.3)

3 10 	 12.48	 (7.6)

Table 4. �Baseline characteristics for the repeated measurements. 
Data are shown as mean degrees (standard deviation).

Measurement Mean 95% CI of difference Correlation

1 vs. 2 	 0.19	 (2.2) −1.4–1.7 (p=0.79) 0.96 (P<0.001)

1 vs. 3 	 0.16	 (1.4) −0.9–1.2 (p=0.73) 0.99 (P<0.001)

2 vs. 3 	 −0.03	 (1.8) −1.3–1.2 (p=0.96) 0.97 (P<0.001)

Table 5. The differences between repeated measurements. Data are shown in degrees.

  Females, thoracic curves 
(n=63)

Females, lumbar curves 
(n=34)

Males, thoracic curves 
(n=19)

Males, lumbar curve 
n=12)

Age, years 14.5 (2.0) 16.4 (2.8) 16.1 (2.2) 16.9 (2.4)

Standing Cobb, ° 61.1 (12.4) 
[58.0–64.3]

54.4 (6.3) 
[52.2–56.6]

62.6 (12.5) 
[56.6–68.6]

56.9 (12.8) 
[48.7–65.0]

Supine Cobb, ° 49.5 (11.6) 
[46.6–52.4]

43.9 (7.9) 
[41.2–46.7]

52.4 (13.9) 
[45.7–59.1]

45.6 (14.6) 
[36.3–54.9]

Difference 11.6 (5.7) 
[10.2–13.1]

10.5 (4.0) 
[9.1–11.9]

10.2 (5.3) 
[7.6–12.7]

11.3 (5.7) 
[7.7–14.9]

Table 3. Subgroup characteristics for primary curves. Data are shown as mean (standard deviation) [95% confidence interval].
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Figure 4. �A Bland and Altman diagram showing the difference 
between Cobb angle measurements obtained while the 
patient was in a supine position and standing on the y-axis, 
and the mean between the Cobb angle measurements 
taken while supine and standing on the x-axis. Both axes 
are given in degrees.
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difference between standing and supine Cobb angles than 
Torell et al. (11.1° [SD 5.2°] vs. 8.9° [SD 6.2°]), Wessberg et al. 
(7.6° [SD 4.6°]), and Lee et al. (10° [SD unknown]). This dif-
ference may be due to the fact that our measurements were 
performed at a later stage, just before corrective surgery, 
although each study included all means within overlap-
ping SDs. We did not expect that the differences would be 
so similar for both small and large Cobb angle curves, and 
we found nothing in the literature about this. One theory 
is that the curves are mostly structural in this category of 
patients and that this is the inherent difference between 
standing and supine measurements. This could explain why 
gravity does not seem to affect the larger curves more than 
the smaller ones.

Unlike Torell et al. and, to some extent, Wessberg et al. [14] 
and Lee et al. [15], our study investigated the correlation 
between Cobb angles taken from images in secondary 
curves taken while the patient was standing versus in a 
supine position. We found a strong correlation between 
the Cobb angles measured from images while the patient 
was standing versus in a supine position. The mean differ-
ence for secondary curves was approximately 8°. The cor-
relation and mean difference in Cobb angles for the sec-
ondary curves were similar to those reported by Lee et al. 
Although the correlation was strong, the range of measured 
Cobb angles was considerable.

One of the major concerns with this study is the fact that 
low-dose CT was used instead of regular plain X-rays 
and the increased radiation exposure that comes with it. 
According to the 2007 recommendations of the internation-
al commission on radiological protection [21], the increase 
in effective dose from 0.1 to 0.36 mSv in a single examina-
tion will induce a fatal cancer in approximately 1 of 55 000 
examinations. This is based on the assumption that 1 Sv 
increases the overall risk coefficient of getting a fatal can-
cer by 5%. This is to be compared with the radiation dose 
from the cone beam O-arm intraoperative imaging sys-
tem (Medtronic), which gives a radiation dose of between 
4.8 and 9.52 mSv for a whole-spine examination (22). We 
consider this a low cost for more accurate pre-operative 
planning. The cost of CT is 200 € compared to 100 € for 
standing preoperative conventional X-ray. In addition, the 
need for peri-operative X-ray examinations is considerably 
reduced. Since low-dose CT is performed with the lowest 

possible radiation settings, the effective dose will probably 
be even lower in the future as the CT hardware and soft-
ware become more refined.

One already existing system utilizing biplanar standing 
radiographs provides 3-dimensional reconstructions of the 
spine [10]. These reconstructions seem to work well in the 
everyday clinical work-up. However, these reconstructions 
are only approximations of the 3-dimensional deformity. 
So far, the only way to obtain true 3-dimensional recon-
structions with the possibility to assess the complexity of 
the scoliotic spine, both regionally and in extreme detail 
locally, is with CT. This study aimed to investigate the 
relationship between Cobb angles measured from images 
taken while the patient was standing versus in a supine 
position. Our goal was not to obtain exact numbers for use 
in pre-operative planning, but to estimate how the Cobb 
angle changes from the standing to supine position for use 
in ongoing studies based on low-dose CT scans. Using these 
results, we intend to proceed with studies aimed at devel-
oping a new method of creating 3-dimensional reconstruc-
tions based on low-dose CT. This method should describe 
the deformity in 3 dimensions, allowing for a more com-
plete analysis of the role of vertebral rotation, its correla-
tion to the Cobb angle, and its significance in the develop-
ment of idiopathic scoliosis.

Conclusions

In conclusion, this study supports the findings of previous 
studies in a larger and more diversified population.
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