
Introduction

In idiopathic scoliosis, biomechanical, biological and clin-
ical views confirm that the deformity in the sagittal plane
is of primary pathogenetic significance [8]. A fixed lor-
dotic section causes rotation and increased lateral curva-
ture of the spine as a result of the asymmetry in the coro-
nal plane [2]. Various studies confirm that lordosis of the
thoracic vertebrae is characteristic for idiopathic scoliosis
in adolescents [3, 8, 11].

The scoliotic deformity in the follow-up of scoliosis
patients is usually examined using anteroposterior (AP)
radiographs. An additional lateral radiograph, while pro-

viding additional information, would result in increased
X-ray exposure. On the lateral X-ray projection, the mean
entrance surface radiation dose for the thoracic spine is
6.1 mGy and for the lumbar spine 6.7 mGy [1]. However,
monitoring the scoliotic deformity on a lateral view can
provide additional information, useful, for example, for
assessing the effect of brace treatment in two planes or de-
termining further prognostic factors.

The technique of MR total spine imaging developed by
the authors allows visualization of the whole spine in the
coronal and sagittal planes [4, 5]. The present study aimed
to establish whether MR total spine imaging is a reliable
and useful method to image scoliosis in the sagittal plane.
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Materials and methods

In this prospective study, 32 patients with idiopathic scoliosis (20
with a thoracic curve and 12 with an S-shaped curve) and a group
of 18 patients without scoliosis were studied. The average age in
the group with scoliosis was 14.8 years (range 11–29 years) and in
the other group 14.5 years (range 7–27 years). The non-scoliotic
group consisted of patients referred to the outpatient orthopaedic
department, in which no scoliotic deformity (defined as Cobb an-
gle <5°) could be determined on conventional standing AP radio-
graphs. Informed consent was obtained from all patients.

The MR investigation was carried out in a standard supine po-
sition with the pelvis horizontal and the head flat. The cervical and
upper thoracic vertebrae and the lower thoracic and lumbar verte-
brae were measured in two scans. Measurements were carried out
using a 1.5-T Gyroscan with an ACS-NT Powertrak 6000 system
(Philips Medical Systems, The Netherlands). The coronal and
sagittal images were reconstructed from the cranial and caudal
scans. Due to scoliotic deformity, normal planar MR images of 
the spine can not depict all spinal vertebrae and vertebral discs at
once. A solution to this problem is the generation of composite
coronal and sagittal images from small slices of coronal or sagittal
multi-stack images adequately depicting individual disc spaces. 
To enable the selection of such coronal and sagittal images, a 
path through the centres of all intervertebral discs is defined 
using multi-stack coronal and sagittal reconstructions. Composite
coronal and sagittal images assembled from those small image
slices depicting the disc spaces allow the measurement of scolio-
sis. The average total acquisition time per patient was 14 min and

postprocessing on a Pentium PC took approximately another 
7 min.

The Cobb angles were measured on the MR images at the PC
work station. The sagittal Cobb angle was calculated in prelimi-
nary measurements in all patients between T4 and T12. In the sco-
liosis group, a second measurement was taken of the sagittal Cobb
angle from the levels of the scoliotic deformity. To assess the re-
producibility of the sagittal measurement (positioning and evalua-
tion), a single patient was measured ten times, being required to
stand up after each measurement. The MR images were evaluated
by four independent investigators (one orthopaedist, three radiolo-
gists) and the Cobb angle was measured between T4 and T12.

For statistical analysis, the difference between the mean sagittal
Cobb angle of the two groups was tested by a nonparametric test
(Mann-Whitney-U test, statistic programme SPSS for Windows).

Results

In the group with idiopathic scoliosis, the mean Cobb an-
gle was 28° (10°–58°) for the thoracic curve on the coro-
nal supine MR images. The conventional standing AP ra-
diographs had an average Cobb angle of 33° (12°–60°).
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Fig.1A,B A 15-year-old girl with right thoracic scoliosis and
brace treatment. A Conventional radiograph with a coronal Cobb
angle of 35°. B Magnetic resonance (MR) total spine imaging with
a coronal Cobb angle of 32°. In the sagittal plane the thoracic lor-
dosis is shown with a sagittal Cobb angle (T4–T12) of 0°

Fig.2 MR total spine imaging in a 16-year-old patient with a
coronal Cobb angle of 58° and a sagittal Cobb angle (T4–T12) of
–3° (performed at first examination in our clinic; operative treat-
ment is planned). The spine is remarkably straight in the sagittal
plane; the lordosis extends from T6 to L1



The mean deviation between supine MR total spine pro-
jection and standing AP radiograph was –4.5°, with a
range from 0° to –11°.

On the supine MR images in the sagittal plane, the
Cobb angle in the segments of the scoliotic deformity
measured on average only 9° (–4° to 22°). The mean
sagittal Cobb angle for the standardised measurement be-
tween T4 and T12 was 12° (–3° to 24°) (Fig.1, Fig.2).
The mean sagittal Cobb angle (T4–T12) of the group
without scoliosis was 22° (15° to 30°) (Fig.3). Table 1
shows the mean values and the standard deviations of the
coronal and sagittal Cobb angles on MR images.

For the sagittal Cobb angle, there was a significant dif-
ference (Mann-Whitney-U test, P<0.01) between the
group with idiopathic scoliosis and the group without sco-
liosis.

Some cases are of particular interest. One measure-
ment of a 15-year-old girl with a coronal Cobb angle of
32° on supine MRI and with brace treatment showed in
the sagittal plane projection a thoracic lordosis (Fig.1A,
B). Another female patient had a short-curve thoracic sco-
liosis of 22° between T1 and T5. For this section the lat-
eral projection showed only a minimal kyphosis of 2°, but

the sagittal Cobb angle between T4 and T12 was 20°.
Therefore there was a segmental lordotic fixation in the
portion of scoliotic curve, which was compensated over
the whole thoracic spine.

The patient who was measured ten times had a coronal
Cobb angle on supine MRI of 20° and a sagittal Cobb an-
gle of 16°. The intraobserver variance was 1.6° and the in-
terobserver variance was 1.8°.

Discussion

Thoracic lordosis or reduction of the normal kyphosis is a
typical sign in idiopathic scoliosis [10]. In contrast to the
study of Probst-Procter and Bleck [9], which was unable
to establish any significant difference in kyphosis or lor-
dosis on the lateral X-ray images in a comparison of 104
healthy children and 114 children with scoliosis, more re-
cent studies confirm that there is a significant difference
in the sagittal profile with idiopathic scoliosis [8, 10, 15].

Raso et al. [10] found a kyphosis of less than 16° on
the lateral routine radiographs in 59 out of 138 patients
with scoliosis. When the spine was viewed at 90° to the
apical vertebrae, 64 out of 138 cases (46%) were hy-
pokyphotic (<10° between T5 and T12). Xiong et al. [15]
were able to show that in cases of scoliosis with Cobb an-
gles of more than 8°, the thoracic kyphosis is already re-
duced compared to the control group, which means that
the changes in the sagittal plane can be shown in early
stages of idiopathic scoliosis. For Dickson et al. [3], lor-
dosis of the spine is the decisive pathogenetic factor in the
occurrence of idiopathic scoliosis, based on the theory of
rotational lordosis expounded by Sommerville [11]. In an
epidemiological study of 16,000 school children, those
cases developing an idiopathic scoliosis also showed a
progressive lordosis of the thoracic vertebrae [7].

Therefore, monitoring scoliosis in the sagittal plane
promises interesting clinical data. However, due to the
high level of radiation exposure, which increases for chil-
dren during the course of a scoliosis programme lasting
several years, lateral radiographs of the spine are usually
only carried out during the first investigation or as a part
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Fig.3 A 14-year-old girl of the group without scoliosis. MR total
spine imaging shows a sagittal Cobb angle (T4–T12) of 26°

Table 1 Comparison of the mean (±SD) sagittal Cobb angles
(T4–T12) on supine magnetic resonance (MR) total spine imaging
of patients with idiopathic scoliosis and a group without scoliosis
(Cobb angle <5°)

Idiopathic scoliosis Group without scoliosis 
(n=32) (n=18)

Age (years) 14.8°±3.4° 14.5°±4.9°
Coronal Cobb angle 28°±9.9° 0.9°±1.7°

of thoracic curve
Sagittal Cobb angle 12°±7.7°[[asteriskmath]] 22°±3.4°[[asteriskmath]]

(T4–T12)

*P<0.01; Mann-Whitney-U test
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of the preoperative assessment. As a result, scoliosis
could not be previously monitored in the sagittal plane.

MR total spine imaging was developed to reduce X-ray
exposure in the follow-up of scoliosis patients, who are
mainly adolescent female patients [4, 5]. Therefore, the
coronal and sagittal MR reconstructions simulate the con-
ventional X-ray projections. The appearance of scoliosis
on these projections must necessarily not be a true repre-
sentation of the actual deformity in three dimensions.
However, the MR technique allows Cobb angle measure-
ments in a coronal and sagittal plane, which might give
additional, relevant data in scoliosis.

In the current study, sagittal Cobb angles were reliably
measured in scoliosis using this technique. MR total spine
imaging showed a significantly reduced mean sagittal
Cobb angle (T4–T12) for the group with idiopathic scol-
iosis compared to the group without scoliosis. Typically,
segmental flattening was seen in the portion of scoliotic
deformity.

The MR examinations were carried out in a supine po-
sition. For the coronal Cobb angles in the scoliosis group,
we found a mean deviation of –4.5° on supine MR images
compared to conventional radiographs in standing posi-
tion. In the study of Torell et al. [12], the mean coronal
Cobb measures for 287 patients with idiopathic scoliosis
were 39.4° standing and 30.6° supine on conventional ra-
diographs. As in the coronal plane, we would expect some
difference in the sagittal Cobb angle measures between
standing and supine position. Because of the additional 
X-ray exposure involved, we did not take comparable lat-
eral X-rays. However, the MR technique allows imaging
in the coronal and sagittal plane during the same exami-

nation and actually with the same MR sequence. There-
fore, we are planning to use the sagittal projection as well
for longitudinal follow-up of the same patients. Clinical
relevance for the patient would therefore stem from an in-
traindividual change in the follow-up when comparing
supine MR sagittal views with supine MR sagittal views
of the same patient. Therefore, although interesting, we
believe that for this intention a comparison of positioning
differences is not necessary.

Using MR total spine imaging for monitoring sagittal
Cobb angles could reveal further relevant clinical data in
scoliosis. Willner [14] suspected a negative correlation
between kyphosis and thoracic scoliosis, as flattening of
the kyphosis is often seen in progressive, severe scoliosis.
Monitoring scoliosis in the sagittal plane may show
whether flattening of the thoracic kyphosis correlates with
poor prognosis. The lateral MR projection could help us
detect progressing scoliosis earlier. MR total spine imag-
ing might also be helpful in assessing the effect of brace
treatment. It is presumed that thoracic lordosis is in-
creased during brace treatment [6, 13], and studies aimed
at quantifying such changes in lordosis are therefore being
currently undertaken with this MR technique.

Judged from the time and resources involved, MR total
spine imaging would cost less than a normal MR lumbar
spine study, but certainly more than a conventional total
spine radiograph.

MR total spine imaging could be a useful tool for
imaging scoliosis in the sagittal plane without any addi-
tional radiation exposure. Future studies have to show
whether the MR technique may become a practical proce-
dure in scoliosis diagnosis.
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