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Abstract
Purpose There is no data that shows if it is possible to determine if a curve is structural or non-structural or to assess flex-
ibility of an adolescent idiopathic scoliosis (AIS) by magnetic resonance imaging (MRI) instead of bending radiographs 
(BR). We investigated if the results of BR may be compared to those of MRI.
Methods We retrospectively analyzed prospectively collected data of patients with AIS in whom a selective spinal fusion 
was performed and in whom a MRI, BR and full-spine X-rays were obtained preoperatively. We measured the Cobb angles 
of the main and of the minor curve in full-spine X-ray (FSR), BR and MRI and analyzed the degree of the intervertebral 
disk degeneration in the MRI.
Results After applying inclusion and exclusion criteria, 25 patients were included. We found a significant correlation 
(p < 0.05, Corr Coeff = 0.41) between the Cobb angle of the main curve in FSR and the Cobb angle of the main curve in the 
MRI and between the Cobb angle of the minor curve in FSR and the Cobb angle of the minor curve in the MRI (p < 0.001, 
Corr Coeff = 0.04). All patients with a minor curve of less than 25° in the BR had a Cobb angle of less than 30° in the MRI.
Conclusion Spinal curves showed a significant correlation between bending radiographs and recumbent images (MRI). In 
our group of patients, a Cobb angle of the minor curve of less than 30° in the MRI indicated that this minor curve was non-
structural according to the classification of Lenke.

Keywords Adolescent idiopathic scoliosis · Bending radiographs · Radiation protection · Selective spinal fusion, magnetic 
resonance imaging

Abbreviations
AIS  Adolescent idiopathic scoliosis
LIV  Lowest instrumented vertebra
BR  Bending radiographs
CTS  Preoperative CT scan
MRI  Magnetic resonance imaging
PPR  Push-prone radiographs
IVD  Intervertebral disk
PIN  Pedicle screw insertion guided by navigation
FSR  Full-spine X-ray in posterior–anterior view

ISE  Intervertebral space below the end vertebra 
of the main curve

FFI  Frist flexible intervertebral space below the 
main curve

SEM  Standard error of mean
Corr Coeff  Correlation coefficient
p  Level of significance

Introduction

Adolescent idiopathic scoliosis (AIS) is a three-dimensional 
deformity of the spine. AIS has an incidence of 5% [1]. The 
degree of the deformity can be graded by the Cobb angle. 
Depending on the degree of the deformity, conservative or 
operative therapy is recommended [2]. A common technique 
for operative therapy of AIS is the selective spinal fusion. 
To perform selective spinal fusion, a prior discrimination 
of structural and non-structural curves of the total deform-
ity according to the Lenke classification [3, 5] is important. 
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Furthermore, the appropriate lowest instrumented vertebra 
(LIV) must be determined. [3, 4]. Bending radiographs (BR) 
of the spine are necessary to classify a deformity accord-
ing to the Lenke classification. Spinal curves, which can 
be corrected to less than 25° in a bending radiograph, are 
classified as “non-structural” [5]. A further information that 
is obtained by BR is the possible potential for correction of 
the deformity by surgery [6, 7]. Different types of bending 
radiographs are described in literature: push-prone radio-
graphs (PPR) [8], fulcrum bending radiographs [6], supine 
side bending radiographs [9] and radiographs with traction 
under general anesthesia [10]. A disadvantage of all types 
of BR is that they lead to an additional amount of exposure 
to radiation for the patient and some of them, like the push-
prone radiographs, lead to an additional amount of radiation 
to the medical personal, too.

Numerous radiographs are usually performed during 
conservative or operative treatment of AIS. The cumulative 
effective dose of standard radiographs, performed for diag-
nosis and follow-up of scoliosis, correlates with incidence 
of breast cancer in scoliosis patients and with an increasing 
incidence for infertility [11, 12]. Therefore, it seems to be 
relevant to reevaluate the need of each radiograph performed 
during the treatment of AIS. According to this, we wanted to 
analyze if the flexibility of the spine can be evaluated with-
out BR. Some surgeons perform a MRI if AIS is treated by 
surgery. Since this imaging technique is performed recum-
bent, the difference between Cobb angles in standing or 
recumbent position could be evaluated to analyze flexibility.

Previous investigations of our study group showed that 
Cobb angels of push-prone bending radiographs (PPR) show 
a significant correlation with Cobb angles in preoperative 
CT scan (CTS) and that a Cobb angle of a minor curve in a 
CTS of less than 35° determined a non-structural curve. [13]

To our knowledge, there is no data that shows if it is pos-
sible to determine if a curve is structural or non-structural 
by MRI. If this would be possible, preoperative MRI could 
theoretically replace BR. This could lead to a reduction of 
the exposure to radiation for the patient and for the medical 
personnel.

We conducted this investigation to analyze if MRI instead 
of BR could provide information on flexibility and type of 
curves in patients with AIS.

Patients and methods

We retrospectively analyzed prospectively collected data in 
a single-center study. In our clinical documentation system, 
we identified consecutive patients in whom an operative 
treatment for AIS was performed from 04/2017 to 04/2021 
by diagnostic code. We included patients who were treated 
by a selective spinal fusion with PIN and who had a full-
spine X-ray in posterior–anterior view (FSR), BR and MRI 

in the preoperative planning. In our institution, PPR are per-
formed as BR. We excluded patients with incomplete sets 
of radiological data. We recorded demographical data like 
sex and age, and recorded the Lenke classification of the 
included patients.

The radiographs were analyzed by the IDS 7-PACS®-
System (Sectra, Linköping, Sweden). In all available radio-
graphs (FSR, PPR and the MRI), the Cobb angle of the main 
curve and of the upper and lower minor curve was measured. 
Furthermore, we measured the segmental Cobb angle of the 
intervertebral space under the lowest vertebra of the main 
curve (ISE) and the angle of the first flexible intervertebral 
space below the main curve (FFI). Measurement of Cobb 
angle in the MRI is demonstrated in (Fig. 1). Measurement 
was performed in coronal reconstructions of the MRI. Due 
to the 3D character of the spinal deformity in patients with 
scoliosis in the performed MRI scans, there were no single 
slides, i.e., no single images, which showed the entire curve 
of a patient. Thus, to gain more comparability between the 
patients, we decided to perform the measurement of the 
Cobb angle in the way we presented in Fig. 1. End vertebras 
were identified in the FSR. The angle between the superior 
endplate of the cranial end vertebra and the horizontal plane 
and the angle between the inferior endplate of the caudal end 
vertebra and the horizontal plane were measured. These two 
angles were added to obtain the Cobb angle of the according 
curve (Fig. 1).

Identification and measurement of the ISE and the FFI

The lowest intervertebral space of the main curve was 
defined as the intervertebral space between the caudal end 
vertebra of the main curve and the cranial end vertebra of 
the caudal minor curve in the FSR. We measured the angle 
between the inferior endplate of the cranial vertebra and the 
superior endplate of the caudal vertebra in the FSR, PPR 
and the MRI.

The FFI below the main curve was defined as the interver-
tebral space caudal of the main curve of the deformity that 
opened to different sides in the PPR (Fig. 2). We measured 
the angle between the inferior endplate of the cranial verte-
bra of this intervertebral space and the superior endplate of 
the caudal vertebra in the FSR, PPR and the MRI.

Statistical analysis was performed by  SPSS® 25 (IBM, 
Armonk, USA). Descriptive data is given as mean and stand-
ard error of mean (SEM). We tested all continuous variables 
for normal distribution by Kolmogorov–Smirnov tests. All 
variables showed normal distribution. Thus, we assessed 
correlation by Pearson’s correlation index.

For the analysis of the PPR, we always analyzed the 
angles of the PPR to the concavity of the main curve: In 
curves with a right convexity, we analyzed the according 
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PPR to the left and in curves with a left convexity, we ana-
lyzed the according PPR to the right.

This study was approved by the local ethics committee 
(Register number 2020-913) and was conducted according 
to the revised Declaration of Helsinki.

Results

We identified 35 consecutive patients who were treated 
operatively for AIS in our institution between 04/2017 and 
04/2021 and received a preoperative MRI by diagnostic 
code. After application of the inclusion and exclusion cri-
teria, we enrolled 25 patients to our investigation. Sixteen 
patients were female (64%), and nine patients were male 
(36%). The average age at the date the radiographs were 
performed was 15.48 (3.30) years. According to the Lenke 
classification, 18 patients had a type 1 curve, three patients 
a type 5 curve, two patients type 2 and two patients a type 
6 curve.

In Table 1, we present data of the Cobb angle of the main 
and of the minor curve in the FSR, PPR and the MRI.

In a subgroup analysis of all patients with a minor curve 
of less than 40° in the FSR (more than 40° characterizes a 
structural curve), we analyzed the Cobb angles of the minor 
curve in the PPR and MRI. If the minor curve was less than 
30° in the MRI, it was also less than 25° in the PPR in 100% 
of these patients.

Tables 1, 2, 3 and 4 show values of Cobb angles of the 
FSR, PPR and the MRI.

There was a significant correlation (p < 0.05, Corr 
Coeff = 0.41) between the Cobb angle of the main curve 
in FSR and the Cobb angle of the main curve in the MRI.

Furthermore, we found significant correlations between 
the minor curves in the different types of radiographs. 
There was a significant correlation (p < 0.001, Corr 
Coeff = 0.04) between the Cobb angle of the minor curve 
in FSR and the Cobb angle of the minor curve in the MRI.

The difference between the Cobb angle of the main 
curve in the FSR and in the PPR shows a significant cor-
relation (p < 0.05, Corr Coeff = 0.41) to the difference 
between the Cobb angle of the main curve in the FSR and 
the Cobb angle of the main curve in the MRI.

The difference between the Cobb angle of the minor 
curve in the FSR and in the PPR shows a significant cor-
relation (p < 0.001, Corr Coeff = 0.9) to the difference 
between the Cobb angle of the minor curve in the FSR 
and the Cobb angle of the minor curve in the MRI. There 
was a significant correlation (p < 0.05, Corr Coeff = 0.47) 
between the difference of the Cobb angle of the ISE in the 
FSR and in the PPR and the difference of the Cobb angle 
of the ISE in the FSR and in the MRI.

According to the Cobb angles of the FFI, there were 
no significant correlations between the different images.

Fig. 1  Measurement of Cobb Angle in a MRI. A Coronal reconstruc-
tion of a MRI scan of the spine (T2 weighed). The superior endplate 
of the cranial end vertebra of the according curve is depicted. End 
vertebra were identified in the FSR. The angle between the superior 
endplate of the cranial end vertebra and the horizontal plane was 
33.9°. B Coronal reconstruction of a MRI scan (T2 weighed) of the 

spine. The inferior endplate of the caudal end vertebra of the accord-
ing curve is depicted. End vertebra were identified in the FSR. The 
angle between the inferior endplate of the caudal end vertebra and 
the horizontal plane was measured with 29.4°. Summation of these 
two angles (33.9 in 1A + 29.4 in 1B) determines a Cobb angle of 63.3 
degree for this thoracic curve
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Fig. 2  Identification of the FFI in the PPR—The FFI below the main 
curve was defined as the intervertebral space caudal of the main 
curve of the deformity that opened to different sides in the PPR. A 
Part of a PPR of the spine with bending to the left. Zoom is on the 
caudal end of the main curve. End vertebra were identified in the 
FSR. Marked is the first intervertebral space below the main curve of 
the deformity that opens to the concave side with regard to the ana-
lyzed curve. The angle between the inferior endplate of the cranial 

vertebra of this intervertebral space and the superior endplate of the 
caudal vertebra is measured. B Part of a PPR of the spine with bend-
ing to the right. Zoom is on the caudal end of the main curve. End 
vertebra were identified in the FSR. Marked is the first intervertebral 
space below the main curve of the deformity that opens to the other 
side than the same intervertebral space in A. The angle between the 
inferior endplate of the cranial vertebra of this intervertebral space 
and the superior endplate of the caudal vertebra is measured

Table 1  Cobb angle of the main and the minor curve in FSR, PPR and the MRI

Cobb angle of the 
main curve in FSR

Cobb angle of the 
minor curve in FSR

Cobb angle of the 
main curve in PPR

Cobb angle of the 
minor curve in PPR

Cobb angle of the 
main curve in MRI

Cobb angle of the 
minor curve in 
MRI

Mean 61.20 42.16 64.32 20.56 64.71 35.06
SEM 2.56 2.45 2.44 2.72 4.30 2.28

Table 2  Cobb angle of the ISE 
and FFI in FSR, PPR and the 
MRI

Cobb angle 
of the ISE in 
FSR

Cobb angle 
of the FFI in 
FSR

Cobb angle 
of the ISE in 
PPR

Cobb angle 
of the FFI in 
PPR

Cobb angle 
of the ISE in 
MRI

Cobb angle 
of the FFI in 
MRI

Mean 5.27 6.70  − 3.32  − 3.52 2.46 3.76
SEM 0.53 0.62 0.91 0.55 0.62 0.86
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Discussion

In this study, we found a significant correlation (p < 0.05) 
for all analyzed Cobb angles between BR and MRI.

Brink et al. reported a significant correlation of the 
morphology of the scoliotic spine in all three planes 
between standard upright X-ray, MRI and CT scan [14]. 
Keenan et al. [15] showed 2014 that there is a statistically 
significant relationship between the Cobb angle in supine 
and upright position for the major curve. However, minor 
curves were not analyzed, especially not with regard to 
the flexibility of the curve. There is presently no data that 
compares the assessment of flexibility of the minor curve 
in BR versus MRI scans.

According to the data of this study, it does seem likely 
that Cobb angles of the main and the minor curves in MRI 
may provide similar information as a PPB.

Furthermore, our data show that it is possible to deter-
mine if a minor curve is structural or non-structural by 
analyzing the Cobb angle in the MRI. Every patient with 
a Cobb angle of the minor curve of less than 40° in the 
FSR and a Cobb angle of the minor curve less than 25° in 
the PPB showed a Cobb angle of the minor curve in the 
MRI of less than 30°. These curves are, according to the 
Lenke classification, non-structural and do not have to be 
included in the selective spinal fusion [3]. According to 
this data, in our group of patients a Cobb angle of < 35° 
in the recumbent MRI scan determined a non-structural 
curve. This is comparable to the results of a former inves-
tigation of our group where we showed that a Cobb angle 

of the minor curve of less than 35° in the CTS indicated 
that this minor curve was non-structural [13].

These results may indicate that neither PPR’s nor CTS 
are necessary to determine if a curve is structural or non-
structural. This may provide a means for the reduction of 
the dose of radiation for scoliosis patients and for the medi-
cal personal. However, it also has to be taken into account 
that the costs for performing an MRI instead of plane radio-
graphs are approximately three times higher. Furthermore, it 
has to be mentioned that MRI’s are not equally available in 
all regions and the waiting time for obtaining an MRI as well 
as the technique itself takes longer than BR. But since we 
discuss a technique for an elective surgery without any emer-
gency character, these above-mentioned points should be, 
in our opinion, considered as minor consequence compared 
with the fact that exposure to radiation might be reduced.

If some patients might have contraindications against an 
MRI (e.g., anxiety or a pacemaker), it could be necessary to 
fall back to the technique with plain radiographs.

Furthermore, we saw that there are significant correla-
tions between the Cobb angles of the ISE in the analyzed 
radiographs. However, statistical power was rather low, 
especially in the correlations between the PPR and the MRI. 
Thus, we presently cannot apply the MRI as a tool to analyze 
the flexibility of the ISE.

A limitation of our investigation is that we performed a 
retrospective data analysis. Furthermore, we only analyzed 
the correlation between the PPR and the MRI and did not 
investigate other types of BR. However, former analyses 
showed that PPR are appropriate to determine the effects of a 
correction of the main curve on the curves above and below 
the level of fusion by better predicting the translational cor-
rection of the lowest instrumented vertebra and the rotation 
of the lowest instrumented vertebra than other types of BR 
[16]. The available data show that none of the common types 
of BR is superior to the others [6, 8, 10, 15, 17, 18].

Conclusion

Cobb angels of push-prone bending radiographs show a sig-
nificant correlation with Cobb angles in MRI scans. In our 
group of patients, a Cobb angle of a minor curve in a recum-
bent MRI scan of less than 30° determined a non-structural 
curve in 100% of all cases.
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