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Abstract
This study investigated whether postoperative rotational deformity in adolescent idiopathic scoliosis patients could be predicted by
prone-position pre-operative angle of trunk rotation (ATR).
Surgical rib hump correction is performed with the patient in a prone position. However, the association between pre-operative

ATR in the prone position and postoperative ATR results is unknown.
Thirty-four consecutive patients who underwent skip pedicle screw fixation for Lenke type 1 or 2 adolescent idiopathic scoliosis

were retrospectively reviewed. All subjects were followed for a minimum of 1year. ATR measurements were taken for the standing-
flexion position with a scoliometer before surgery and at 1year afterward. Pre-operative measurements were also taken for the prone
position. Correlations between pre- and postoperative ATR were calculated by means of Pearson correlation coefficient.
Associations between the correction angle from the standing-flexion position to prone position and postoperative standing-flexion
correction angle were determined by linear regression analysis.
Pre- and postoperative ATR for the standing-flexion position showed a moderate association (r=0.64, P< .01). A similar

correlation was seen for pre-operative prone-position ATR and postoperative standing-flexion ATR (r=0.56, P< .01). In linear
regression analysis, there was significant proportional error between the correction angle from the standing-flexion position to prone
position and postoperative standing-flexion correction angle (b=0.40, P< .01).
In conclusion, pre-operative ATR in either standing-flexion or prone position and postoperative standing-flexion ATR displayed

moderate associations. Linear regression analysis revealed that ATR correction angle could be estimated by calculating the
correction gains of 0.4° per 1° of correction angle in the prone position.

Abbreviations: AIS = adolescent idiopathic scoliosis, ATR = angle of trunk rotation, EV = end vertebra, MT = main thoracic.
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1. Introduction

The main goals of corrective surgery for adolescent idiopathic
scoliosis (AIS) are coronal deformity correction, improved
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sagittal alignment, and axial rotation while minimizing the
number of motion segments fused. Therefore, it is important to
know pre-operatively how much correction is possible. Evaluat-
ing curve flexibility also is important to achieve good correction
in the surgical treatment of AIS. Regarding coronal curve
correction, several reports have addressed flexibility evaluation in
AIS, such as the fulcrum bending, supine traction, and prone-
push positions[1–3] (Table 1). However, few studies have assessed
the correlation between pre-operative parameters and axial
rotation correction.
One of the characteristic findings in thoracic AIS (Lenke type 1

or 2) is a rib hump. The angle of trunk rotation (ATR) as
measured by a scoliometer is widely used for rib hump
evaluation. Normally, the patient assumes a standing position
with the trunk bending forward (i.e., the standing-flexion
position) and the scoliometer is placed on the most inclined
part of the rib protuberance to evaluate the rotation of the
trunk.[4] However, surgical rib hump correction is performed
with the patient in a prone position. We have recently devised a
method to evaluate ATR in the prone position and hypothesize
that it may correlate with postoperative standing-flexion ATR.
There are few studies on the prediction of axial rotation
correction in the surgical treatment of scoliosis despite such
correction also being important. The purpose of this study was to
investigate whether postoperative rotation deformity could be
predicted by pre-operative ATR in the prone position.
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Table 1

Previous reports on pre-operative assessment of scoliosis correction.

Year of publication Author [reference] Title of article Assessment of scoliosis correction

1998 Luk et al[1] Assessment of scoliosis correction in relation to flexibility
using the fulcrum bending correction index

Fulcrum bending correction radiograph

2005 Hamzaoglu et al[2] Assessment of curve flexibility in adolescent idiopathic
scoliosis

Traction radiograph under general anesthesia

2011 Chen et al[3] Using precisely controlled bidirectional orthopedic forces to
assess flexibility in adolescent idiopathic scoliosis:
comparisons between push-traction film, supine side
bending, suspension, and fulcrum bending film

Push and traction correction radiograph

Present study Pre-operative angle of truck rotation scoliometry
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2. Materials and methods

Thirty-four consecutive patients (4 male and 30 females; mean ±
standard deviation age: 14.9±2.3years [range: 11–20 years])
who underwent skip pedicle screw fixation as previously
described[5–7] for Lenke type 1 or 2 AIS between November
2015 and September 2018 were retrospectively reviewed. Lenke
classification was type 1A in 15 patients, type 1B in 4, type 1C in
8, type 2A in 6, and type 2B in 1. All subjects were followed for a
minimum of 1year. Inferior facetectomy was carried out for all
subjects, followed by manual pushing on the hump for
correction. For curves in which the surgeon felt that such
correction was not feasible during pushing on the hump, a Ponte
osteotomy was performed on 3–5 inter-vertebrae to set an apex
region of the main thoracic (MT) curve.
2.1. Selection of upper instrumented vertebra and lower
instrumented vertebra

The upper instrumented vertebra was T2 for Lenke 2 curves and
was generally decided as the upper end vertebra (EV) for Lenke
type 1 AIS with an elevated right shoulder, EV+1 in patients with
horizontal shoulders, and EV+2 or T2 in patients with an
elevated left shoulder. The lower instrumented vertebra was the
vertebra that last touched the center sacral vertical line for Lenke
1A and 2A. For Lenke 1B and 1C, the lower instrumented
vertebra was determined as the stable vertebra or 1 level below
the stable vertebra according to the report by Takahashi et al.[8]
Figure 1. Measurement of angle of trunk rotation (ATR). ATR measurements were
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2.2. Measurement of ATR

Clinically, the transverse plane deformity was assessed by
posterior trunk asymmetry (rib hump) with the Bunnell
technique[9] as measured with a scoliometer placed at the apex
of the deformity. Measurements were performed using the
forward-bending Adam test with a scoliometer before surgery
and at 1year afterward[4] (Fig. 1A). We also performed pre-
operative measurements in the prone position (Fig. 1B).

2.3. Radiological assessment

This study evaluated radiological curve flexibility before surgery
and radiological curve correction at 1year postoperatively. We
defined flexibility as follows: (Cobb angle in standing position–
Cobb angle in side bending)/Cobb angle in standing position�
100%.
2.4. Statistical analysis

Correlations between pre- and postoperative ATR values were
calculated by means of Pearson correlation coefficient. Associ-
ations between the correction angle from the standing-flexion
position to prone position and postoperative correction angle
were calculated by linear regression analysis. Statistical analyses
between pre- and postoperative Cobb angle and ATR were
calculated by paired t testing. All statistical analyses were
performed using EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), a graphical user interface for R (The
performed in the standing-flexion (A) and prone (B) positions with a scoliometer.



Table 2

Pre-operative radiological and clinical features.

Mean±standard deviation (range)

Age, yrs 14.9±2.3 (11�20)
Sex, male:female 4:30
Cobb angle of MT curve, ° 52±8 (37–72)
MT curve flexibility, % 44.9±18.6 (20.0�100)
ATR in standing-flexion position, ° 16±5 (9.5�26.5)
ATR in prone position, ° 12±3 (7�18)

ATR=angle of trunk rotation, MT=main thoracic.

Table 3

Correlation between pre-operative ATR and 1-year postoperative
standing-flexion ATR.

Pre-operative ATR R P value

Standing-flexion position 0.64 < .01
∗

Prone position 0.56 < .01
∗

ATR= angle of trunk rotation.
∗
<0.05.
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Foundation for Statistical Computing, Vienna, Austria). More
precisely, EZR is a modified version of R commander designed to
add statistical functions frequently used in biostatistics.[10] The
level of significance was set at P< .05. Prior approval of the study
was obtained from the investigational review board of Shinshu
University hospital (No. 3500). Written informed consent for
publication was obtained from all patients prior to this study.
3. Results

The cohort’s pre-operative radiological and clinical features are
summarized in Table 2. The mean± standard deviation number
of fused vertebrae was 7.8±1.5 (range: 6–9). Ponte osteotomy
was performed in 16 cases and involved a mean of 4.3±1.3 inter-
vertebrae (range: 3–11 inter-vertebrae). Pre-operative mean MT
curve Cobb angle was significantly improved from 52°±8° to 24°
±7° (mean correction rate: 53±13%) at 1year after surgery
(P< .01). The 1-year postoperative mean standing-flexion ATR
angle was significantly ameliorated from 16°±5° to 9°±3°, with a
mean correction rate of 46%±18% (P< .01). Standing-flexion
pre- and postoperative ATR showed a moderate association (r=
0.64, P<0.01) (Table 3, Fig. 2A). A moderate correlation was
also observed between pre-operative ATR in the prone position
and postoperative standing-flexion ATR (r=0.56, P< .01)
(Table 3, Fig. 2B). There was no remarkable relationship
between MT curve flexibility and ATR correction rate (r=–0.02,
P= .89).
Figure 2. Correlations between pre- and postoperative angle of trunk rotation (
standing-flexion ATR (r=0.64, P< .01). (B) Pre-operative ATR in the prone position
(r=0.56, P< .01).
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We further analyzed the association between the correction
angle from the standing-flexion position to prone position and
postoperative correction angle by linear regression analysis to
reveal a significant proportional error (b=0.40, 95% confidence
interval [0.18, 0.61], P< .01).
Lastly, ATR correction was compared between patients with

and without Ponte osteotomy. Correction was similar at 7.7°±
3.2° and 7.8°±4.5°, respectively (P= .94). The differences
between pre-operative prone-position ATR and postoperative
standing-flexion ATR were 2.9°±2.5° with Ponte osteotomy and
3.0°±4.1° without, which were also comparable (P= .93)
(Fig. 3).

4. Discussion

This study investigated the correlation between pre-operative
ATR in the standing-flexion or prone position and postoperative
standing-flexion ATR at 1year after surgery in AIS patients
with Lenke type 1 or 2 curves. Pre-operative ATR in both
positions exhibited moderate correlations with postoperative
ATR, indicating that either might be used to predict surgical
results.
The main purpose of AIS surgery is adequate coronal and

sagittal correction, including rotational deformity correction
such as ATR. The pre-operative estimation of coronal curve
following posterior correction surgery has been described in
several studies.[1–3] However, reports on the correlation between
pre-operative parameters and axial rotational deformity correc-
tion remain scarce, with precise associations unclear.
ATR). (A) A moderate correlation was seen between pre- and postoperative
and postoperative standing-flexion ATR also showed a moderate association

http://www.md-journal.com


Figure 3. Influence of Ponte osteotomy on angle of trunk rotation (ATR). (A) ATR correction in patients with and without Ponte osteotomy was similar at 7.7° and
7.8°, respectively (P= .94). (B) The difference between pre-operative prone-position ATR and postoperative standing-flexion ATR was 2.9° with Ponte osteotomy
and 3.0° without, which was comparable (P= .93).
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Concerning MT curve correction, Luk et al[1] used fulcrum
bending radiographs for determination of MT curve flexibility,
while Chen et al[3] evaluated flexibility by push-traction
films. Hamzaoglu et al[2] reported that traction radiographs
with the patient under general anesthesia might better
show flexibility, especially for curves greater than 65° and rigid
curves.
One of the characteristic findings in thoracic AIS is a rib

protuberance, which is commonly evaluated by ATR. In a
previous study, rib hump correction was occurred with the
patient in a prone position.[11] However, the predictive ability of
prone-position ATR on postoperative hump correction results is
unknown. Our results indicated moderate correlations between
pre-operative ATR in the standing-flexion or prone position and
postoperative standing-flexion ATR, with none for MT curve
flexibility with ATR correction rate. Furthermore, linear
regression analysis showed significant proportional error
between the correction angle from the standing-flexion position
to prone position and postoperative correction angle (b=0.40,
95% confidence interval [0.18, 0.61], P< .01). In other words,
ATR correction angle could be estimated by calculating a
correction gain of 0.4° per 1° of correction angle in the prone
position.
It has been reported that Ponte osteotomy can also help

coronal and sagittal plane deformities during thoracic vertebrae
correction.[12,13] However, in our study, there were no significant
ATR gain differences between patients with and without Ponte
osteotomy. We therefore considered the influence of Ponte
osteotomy to be relatively small on the results of this
investigation.
In recent years, translational research, which is the application

of basic research results in clinical practice, has been garnering
attention.[14] We hope to extend the results of this study to such
clinical applications as the development of instruments that can
calculate the predicted correction angle of axial rotation in
scoliosis surgery by measuring pre-operative ATR. Further
4

research on measurement methods and instrument development
related to ATR is needed.
4.1. Limitations

The main limitations of the current study include a small sample
size and retrospective design. Accordingly, we could not precisely
assess the effects of osteotomy in this limited cohort.
Notwithstanding, our analysis of outcomes showed that pre-

operative ATR in the prone position could predict ATR
correction after posterior surgical correction for AIS with Lenke
type 1 or 2 curves.
5. Conclusion

This study evaluated the association between pre- and postoper-
ative ATR in AIS patients. Pre-operative ATR in the standing-
flexion or prone position had moderate associations with
postoperative ATR. Linear regression analysis showed that
ATR correction angle could be estimated by calculating a
correction gain of 0.4° per 1° of correction angle in the prone
position. Additional research on the development of measure-
ment methods and devices is needed for clinical application.
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