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Which Side-Bending X-ray Position is Better to Evaluate 
the Preoperative Curve Flexibility in Adolescent 
Idiopathic Scoliosis Patients, Supine or Prone?
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Study Design: Prospective cohort study.
Purpose: The present study aimed to evaluate the difference in the preoperative curve flexibility between the supine and prone posi-
tions in patients with adolescent idiopathic scoliosis (AIS).
Overview of Literature: In AIS, a side-bending view is necessary to differentiate a structural curve from a nonstructural curve us-
ing the Lenke classification system. However, there are no published studies about which position, supine or prone, is more effective 
when evaluating preoperative curve flexibility using side-bending X-ray images in AIS patients.
Methods: Radiographs were analyzed for 32 AIS patients (26 females, six males) who underwent posterior correction and fusion of 
their main thoracic (MT) curves. Cobb angles of MT, proximal thoracic (PT), and thoracolumbar/lumbar (TL/L) curves were measured 
preoperatively using upright, supine (anteroposterior and side-bending), and prone (posteroanterior and side-bending) X-rays.
Results: The average Cobb angles of PT, MT, and TL/L curves on preoperative upright/supine/prone X-rays were 29.1°/26.7°/26.6°, 
60.7°/48.5°/48.2°, and 41.0°/32.6°/33.1°, respectively. The average Cobb angles of PT, MT, and TL/L curves on supine/prone side-
bending X-rays were 19.2°/20.3°, 36.3°/36.4°, and 13.9°/15.7°, respectively. The flexibility rates of PT, MT, and TL/L curves in supine/
prone positions were 35.3%/32.5%, 40.6%/40.2%, and 71.7%/68.2%, respectively. Comparing flexibility rates in the prone position 
with those in the supine position in each case, the average ratios of PT, MT, and TL/L curves were found to be 1.0, 1.0, and 0.9, re-
spectively. There were no statistically significant differences between supine and prone side-bending X-ray measurements. However, 
the Lenke classification in six of 32 patients (18.8%) differed between supine and prone positions because the TL/L curve in the su-
pine position was slightly more flexible than in the prone position.
Conclusions: Supine side-bending films may be suitable for the evaluation of preoperative curve flexibility in AIS, especially for lum-
bar modifier C.
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Introduction

Precise preoperative assessment of curve flexibility in pa-
tients with adolescent idiopathic scoliosis (AIS) is impor-
tant to determine the necessary level of corrective scolio-
sis surgery [1]. Although side-bending X-rays are the gold 
standard to evaluate curve flexibility because they remove 
the effects of gravity, other methods have been developed 
and used to evaluate curve flexibility. One of these meth-
ods includes the use of fulcrum-bending radiographs, 
which reportedly demonstrate good flexibility while also 
being easy to perform [2]. The other popular method 
includes the use of push-prone radiographs, where the 
physician applies manual pressure to the apices of the 
curve while images are being taken [3]. However, the 
side-bending view is still necessary in AIS to distinguish a 
structural curve from a nonstructural curve in the Lenke 
classification system [4].

AIS patients are exposed to potentially damaging X-
rays during childhood and adolescence. To reduce the risk 
from this exposure, the posteroanterior (PA) projection 
is recommended when taking X-rays [5]. To the best of 
our knowledge, there is no report regarding whether the 
supine or prone position for side-bending X-ray images 
is more effective when evaluating the preoperative curve 
flexibility in AIS patients. This study aimed to evaluate the 
difference in preoperative curve flexibility between the 
prone and supine positions in AIS patients.

Materials and Methods

This study included 32 patients who underwent posterior 
correction and fusion of their main thoracic (MT) curve 
to treat AIS. The curves were evaluated as previously de-
scribed [6]. Briefly, curves were classified into proximal 
thoracic (PT), MT, and thoracolumbar/lumbar (TL/L), 
depending on the location of the apex of the curve and 
using the Cobb method with upright position X-rays. 
The patients included 26 females and six males with an 
average age of 15.1 years (range, 11–21 years) at the time 
of surgery. Long-cassette (91.44 cm) X-rays of the spine 
included preoperative upright PA, supine anteroposterior, 
and side-bending as well as prone PA and side-bending 
positioning. As described in a previous study, supine side-
bending radiographs were obtained by maximal passive 
bending while keeping the neck and trunk in neutral rota-
tion [7]. The head of the patient was turned to the bend-

ing direction during the prone position. Two patients had 
PT curves <10° in the upright X-ray; hence, both patients 
were excluded from this study. Flexibility rate (FR) was 
calculated using the following formula: FR%=(upright 
angle−side-bending angle)/upright angle×100 [6-8]. The 
Cobb angles and FR were compared between the supine 
and prone positions. The measurements were obtained 
by a board-certified spine surgeon (K.H.) and a board-
certified orthopedic surgeon (H.B.). Measurements were 
performed 2 times on different days. Intra- and interob-
server reliability was evaluated using the intraclass corre-
lation coefficient by R software ver. 2.15.2 (R Core Team, 
https://www.r-project.org/). Intraobserver reliability was 
0.98, and interobserver reliability was 0.94. The average of 
the two measurements was used for statistical analysis.

Student t-test was used to analy�e the difference be-test was used to analy�e the difference be-
tween the two positions, and Pearson�s correlation coef-two positions, and Pearson�s correlation coef- positions, and Pearson�s correlation coef-
ficient (R) was used to evaluate the correlation between 
the two position. Non-parametric analysis followed by 
Mann–Whitney U-test was used to analy�e radiographic 
data between the two positions. All p-values of <0.05 were 
considered statistically significant.

The Institutional Review Board at the Kyushu Univer-
sity approved this retrospective study (IRB permission 
code, 26-112). 

Results

1. Cobb angle

The average Cobb angle for each body position is shown 
in Table 1. The average Cobb angles of the PT, MT, and 
TL/L curves in the upright position were 29.1°±11.0°, 
60.7°±12.1°, and 41.0°±14.3°, respectively. The average 
Cobb angles of the PT, MT, and TL/L curves in the supine 
position were 26.7°±9.9°, 48.5°±9.8°, and 32.6°±12.1°, 
respectively. The average Cobb angles of the PT, MT, and 
TL/L curves in the supine side-bending position were 
19.2°±9.6°, 36.3°±10.5°, and 13.9°±13.9°, respectively. 
Alternatively, the average Cobb angles of the PT, MT, 
and TL/L curves in the prone position were 26.6°±10.2°, 
48.2°±9.2°, and 33.1°±13.7°, respectively. The average 
Cobb angles of the PT, MT, and TL/L curves in the prone 
side-bending position were 20.3°±11.1°, 36.4°±10.6°, and 
15.7°±16.3°, respectively. There was no statistically signifi-
cant difference between the supine and prone positions 
(p>0.05). The correlation between Cobb angles in the su-
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Table 1. Cobb angles for body positions

Curve Upright Supine Prone Supine side-bending Prone side-bending

proximal thoracic (°) (n=30)

Mean±SD 29.1±11.0 26.7±9.9 26.6±10.2    19.2±9.6    20.3±11.1

Minimum 10.0   9.0   8.0       7.5   5.0

Maximum 56.0 52.5 54.0     46.5   54.0

main thoracic (°) (n=32)

Mean±SD 60.7±12.1 48.5±9.8 48.2±9.2      36.3±10.5     36.4±10.6

Minimum 46.0 34.5 34.5    14.0   17.0

Maximum 91.5 68.5 73.5    60.0   61.0

thoracolumbar/lumbar (°) (n=32)

Mean±SD 41.0±14.3 32.6±12.1 33.1±13.7      13.9±13.9    15.7±16.3

Minimum 22.5 14.0   3.5 −15.0 −16.5

Maximum 78.5 62.0 71.5   46.0   58.0

SD, standard deviation.

Table 2. Flexibility rates for supine and prone positions

Curve Supine Prone p-value

Proximal thoracic (%) (n=30)

Mean±SD    35.3±15.5   32.5±16.4 0.5172

Minimum    1.7   3.6

Maximum  64.6 61.3

Main thoracic (%) (n=32)

Mean±SD    40.6±11.1   40.2±11.5 0.8106

Minimum   23.1 20.6

Maximum   72.8 67.0

Thoracolumbar/lumbar (%) (n=32)

Mean±SD     71.7±28.8     68.2±34.8 0.5682

Minimum   31.3     2.7

Maximum 157.7 163.5

SD, standard deviation.
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Fig. 1. There are significant correlations between the Cobb angles of any curve in both the supine and prone side-bending positions (p<0.01). (A) 
Proximal thoracic. (B) Main thoracic. (C) Thoracolumbar/lumbar. R, correlation coefficient.
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pine and prone side-bending positions is illustrated in Fig. 
1. The correlation coefficients (R) of the PT, MT, and TL/L 
curves were 0.837, 0.895, and 0.949, respectively (p<0.01). 
A representative case without a difference in Cobb angles 
for supine and prone positions is illustrated in Fig. 2. Side-
bending angles were approximately the same when com-
paring the prone and supine positions.

2. Flexibility rate

The average FRs are shown in Table 2. The average FRs of 
the PT, MT, and TL/L curves in the supine position were 
35.3%±15.5%, 40.6%±11.1%, and 71.7%±28.8%, respec-
tively. The average FRs of the PT, MT, and TL/L curves in 
the prone position were 32.5%±16.4%, 40.2%±11.5%, and 
68.2%±34.8%, respectively. In each case, when the prone-

position FR was compared with the supine-position FR, 
the average ratios of the PT, MT, and TL/L curves were 
0.973±0.593, 1.007±0.213, and 0.926±0.256, respectively 
(Table 3). There was no statistically significant difference 
in the FR in the prone and supine positions (p>0.05).

3. Lenke classification

As listed in Table 4, the Lenke classification in six of the 
32 (18.8%) patients differed between the supine and prone 
positions. Four curves that were classified as Lenke 1C 
in the supine position were classified as Lenke 3C in the 
prone position. One curve that was classified as Lenke 
2B in the supine position was considered as Lenke 1B in 
the prone position. One curve classified as Lenke 3C in 
the supine position was considered as Lenke 4C in the 

A B

Fig. 2. A representative case without a difference in Cobb angles for supine and prone positions. Cobb angles in side-bending po-
sitions were almost similar between the supine and prone positions. (A) Supine side-bending. (B) Prone side-bending.

Fig. 3. A representative case with a difference in Cobb angles for supine and prone positions. The side-bending angles of thoraco-
lumbar/lumbar curves in the supine and prone positions were 22° and 31°, respectively. The Lenke classification using supine side-
bending X-rays was type 1C, and the classification was type 3C when using prone side-bending X-rays. (A) Supine side-bending. (B) 
Prone side-bending.

A B
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prone position. X-rays of case 5 in Table 4 are illustrated 
in Fig. 3. For the TL/L curve, the average side-bending 
angles of supine and prone positions were 22.5° and 30.5°, 
respectively. The Lenke classification in this case differed 
between the supine and prone positions.

In total, the preoperative Lenke classifications using 
supine side-bending X-rays were type 1 in 20 of the pa-
tients (lumbar modifier A in 13, B in two, and C in five). 
Overall, six patients were type 2 (lumbar modifier A in 
five, B in one), three were type 3, one was type 4, and two 
patients were type 6. Alternatively, the Lenke classifica-
tions using prone side-bending X-rays were type 1 in 17 
patients (lumbar modifier A in 13, B in three, and C in 
one), type 2 in five patients (lumbar modifier A in five), 
type 3 in six patients, type 4 in two patients, and type 6 in 
two patients.

Table 3. Flexibility rates for prone and supine positions

Curve Flexibility rate

Proximal thoracic side-bending (n=30)

Mean±SD 0.973±0.593

Minimum     0.167

Maximum     2.714

Main thoracic side-bending (n=32)

Mean±SD 1.007±0.213

Minimum     0.540

Maximum     1.613

Thoracolumbar/lumbar side-bending (n=32)

Mean±SD 0.926±0.256

Minimum     0.077

Maximum     1.409

SD, standard deviation.

Table 4. Lenke classification of six cases for supine and prone positions

Variable Curve Side-bending angle 
(supine, °)

Lenke classification 
(supine)

Side-bending angle 
(prone, °)

Lenke classification 
(prone)

Case 1: 16 yr, F

PT T1–T5 22.5 22.5

MT T5–T11 35 1C 35.5 3C

TL/L T11–L3 21 25.5

Case 2: 14 yr, F

PT T1–T5   9 12.5

MT T5-T11 28 1C 35.5 3C

TL/L T11–L3 24.5 36.5

Case 3: 15 yr, F

PT T1–T6 29 13

MT T6–T12 29 2B 32 1B

TL/L T12–L5 17.5 16

Case 4: 15 yr, M

PT T1–T5 24 30.5

MT T5–T11 37.5 3C 44 4C

TL/L T11–L3 33.5 40

Case 5: 15 yr, F

PT T1–T4 12 14

MT T4–T11 41 1C 38.5 3C

TL/L T11–L4 22.5 30.5

Case 6: 13 yr, F

PT T1–T5 24 22

MT T5–T11 30.5 1C 29.5 3C

TL/L T11–L3 23 26

F, female; M, male; PT, proximal thoracic; MT, main thoracic; TL/L, thoracolumbar/lumbar. 
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For the cases with lumbar modifier C (n=11), there was 
no significant difference between supine side-bending and 
prone side-bending positions in the Cobb angles (average, 
supine 27.9° versus prone 32.6°, p=0.38) and FR of the TL/
L curve (average: supine 49.3 versus prone 43.8, p=0.23). 
However, this comparison indicated that there is slightly 
more flexibility in the supine position than in the prone 
position.

Discussion

The Lenke classification is the most common method to 
evaluate AIS worldwide [1]. The criteria of the structural 
minor curve for AIS is defined as a side-bending Cobb 
angle of >25° or a kyphosis angle of >20°. Some methods 
such as push-prone and fulcrum-bending have been re-
ported to achieve maximal preoperative correction during 
assessment [3,7-9]. However, side-bending X-rays are still 
very effective when evaluating the preoperative flexibility 
and structure of curves [4].

The radiation exposure in AIS patients during X-rays 
can be problematic. AIS patients who are exposed to mul-
tiple radiographic examinations are at an increased risk 
for breast cancer [8-10]. To minimi�e the risk from this 
exposure, PA projection is recommended. The use of PA 
projection results in a 95% reduction in exposure to the 
lens of the eye during intracranial tomography and >90% 
reduction in exposure to the thyroid, sternum, and breasts 
during scoliosis radiography [5]. To assess which position 
is suitable for the evaluation of preoperative curve flex-
ibility in AIS patients, the difference in X-ray parameters 
between the supine and prone positions were investigated. 
It is concluded that there is no statistically significant dif-
ference in the Cobb angle and FR between the supine and 
prone positions. These results indicated that both posi-
tions are suitable when evaluating the preoperative curve 
flexibility in AIS patients.

Interestingly, the Lenke classification in six of the 32 
(18.2%) patients is different for the supine and prone po-
sitions. In four of the six (66.6%), curves with Lenke 1C 
in the supine position are considered as Lenke 3C in the 
prone position. For lumbar modifier C, it is possible that 
the side-bending Cobb angles of the TL/L curve are influ-
enced by the body position. It is also possible that there 
is a difference in the side-bending Cobb angles and FR of 
the TL/L curve between the supine and prone positions. 
Although not statistically significant, there is slightly more 

flexibility in the supine position than in the prone posi-
tion among cases with lumbar modifier C. These results 
indicated that supine side-bending X-rays may be more 
suitable when evaluating preoperative curve flexibility, 
especially for lumbar modifier C.

Side-bending X-rays are difficult to standardi�e, and 
some studies have reported that side-bending positions 
have a low reproducibility rate with varying results due 
to the muscular effort of the patient [11,12]. In this study, 
the data for side-bending Cobb angles of PT curves show 
more variability than those for MT and TL/L curves. Con-
sidering that PT curves are often stiffer than MT curves, 
the low reproducibility of the side-bending X-rays may be 
reflected in PT curves [13]. Another possibility is that the 
head turns to the side in the prone position and the angles 
of PT curves in the prone position may be dependent on 
the cooperation of patients. However, TL/L curves do not 
seem to be dependent on head positioning because there 
is a strong correlation between Cobb angles in the supine 
and prone positions (Fig. 1). Our results show that there 
is slightly more flexibility in the supine position than in 
the prone position among cases with lumbar modifier C. 
Although more cases and further studies are needed, the 
results of this study may shed light on which position is 
better to evaluate the flexibility of TL/L curves.

Conclusions

Considering the need to reduce radiation exposure, prone 
side-bending X-rays are generally recommended. Howev-
er, prone side-bending positions have a low reproducibil-
ity rate for PT curves, and there is more flexibility in the 
supine position than in the prone position among cases 
with lumbar modifier C. The supine side-bending X-rays 
may be suitable for the evaluation of preoperative curve 
flexibility, especially for lumbar modifier C.
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