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Technical note

Correction of thoracic adolescent idiopathic scoliosis via a direct
convex rod manoeuvre”
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ABSTRACT

The various techniques available for scoliosis surgery via the posterior approach involve positioning
implants on either side of the curve and reducing the deformity by manoeuvres on the concave rod or
simultaneously on both rods. Correction solely via a direct convex rod manoeuvre would eliminate the
need for implants on the concave side. This technique was used to treat thoracic adolescent idiopathic
scoliosis in 23 patients with a mean age of 14 years and 9 months. Low-dose biplanar EOS radiographs
were obtained before surgery, on post-operative day 7, and at last follow-up (at least 2 years after surgery)
to allow comparisons of Cobb’s angle (72°, 33°, and 35°, respectively), thoracic kyphosis (21°, 29°, and
26°), lumbar lordosis (58°, 50°, and 55°), and apical vertebra rotation (—26°, — 12°, and — 11°). Although
scoliosis requires corrections in all three dimensions, this technique seems to produce satisfactory out-
comes while obviating the need for implants on the concave side, thereby decreasing the risk of iatrogenic

adverse events.
Level of evidence: V.

© 2019 Elsevier Masson SAS. All rights reserved.

1. Introduction

Adolescent idiopathic scoliosis (AIS) usually affects the tho-
racic spine and is often characterized in the sagittal plane by
decreased kyphosis. When performing Cotrel-Dubousset instru-
mentation, the derotation rod is positioned on the concave side of
the curve then rotated to produce sufficient kyphosis [1]. Reports
of insufficient vertebral rotation correction with Cotrel-Dubousset
instrumentation led to the development of an in situ contouring
technique using a pre-contoured concave rod [2]. The correction
occurs on the concave side, where implants must therefore be
placed. The more recently described technique involving simul-
taneous translation on two rods combined with derotation on
the concave side requires a high density of concave implants or
connectors [3]. Another recently reported method uses transla-
tion of sublaminar bands and reduction on the concave rod [4,5].
These techniques aim to reduce the coronal deformity and improve
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kyphosis correction while also derotating the apical vertebra. The
same applies to the simultaneous double-rod rotation technique,
which also requires implants on the concave side [6].

On the concave side of the curve, the vertebral and pedicular
deformities increase the risk of iatrogenic injury due to implants.
To decrease this risk, we suggest dispensing with implants on the
concave side (at the apical vertebra and at least the two supra- and
infra-jacent vertebrae) and evaluating the possibility of deformity
correction using only a direct manoeuvre on the convex rod.

2. Technique

Spinal cord monitoring was performed by an electrophysiology
physician throughout the procedure. As shown in the video, the
operative technique involved arthrectomy of the exposed verte-
bral levels and instrumentation using mono-axial pedicle screws
at the levels nearest the apex of the convexity. On the concave
side, the apical vertebra and at least the two supra- and infra-jacent
vertebrae were left free of instrumentation. The first rod, made of
malleable titanium (U1-R6xxHT, diameter 6) was inserted into the
in situ contouring implants on the convex side then locked into
the most distal implant. Contouring irons were used to correct the
deformity from one level to the next, in the coronal plane then in
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Fig. 1. Female patient aged 14 years at surgery. Antero-posterior radiographs before surgery (a), 7 days after surgery (b), and 26 months after surgery (c). Lateral radiographs

before surgery (d), 7 days after surgery (e), and 26 months after surgery (f).

the sagittal plane. The rod was then locked into the most proximal
implant. Direct vertebral derotation was applied to the screws at
the apex of the convexity, from one level to the next. A second
rod, made of rigid titanium (L2-R6xxXHT) or cobalt-chrome (U1-
R6xxHC) (diameter 6), was inserted on the concave side to stabilise
the correction. After bone freshening, transverse connectors were
implanted and bone grafting performed using the bone removed
during neural arch freshening [7].

3. Results

This technique was used in 23 patients, 19 females and 4 males,
between April 2014 and December 2015. Mean age at surgery was
14 years and 9 months (range, 12-18 years) and mean Risser stage
was 4. Curve distribution according to Lenke was as follows: 1,
n=5; 2, n=15; and 3, n=3. Low-dose biplanar EOS radiographs
were obtained before surgery, on post-operative day 7, and at last
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Fig. 2. Photographs of the same patient as in Fig. 1: view from the back before (a) and after (b) surgery; view from the side before (c) and after (d) surgery; view of the gibbus

before (e) and after (f) surgery.

Table 1
Angles measured on radiographs before and after surgery.

Mean (range) Before surgery

Post-operative D7 Last follow-up

Cobb angle

Thoracic kyphosis
Lumbar lordosis

Apical vertebra rotation

72° (56°;95°)
21° (- 13°;65°)
58° (37°;,77°)
—26° (—4°;48°)

33° (24°;52°)
20° (— 4°;46°)
50° (36°-65°)
~12° (5°;— 28°)

35° (24°;52°)
26° (- 6°;49°)
55° (40°;68°)
~11° (~23°;6°)

follow-up to allow comparisons of Cobb angle, thoracic kyphosis
(T4-T12), and lumbar lordosis (L1-L5); in addition, 3D recon-
struction using sterEOS software (EOS Imaging, Paris, France) was
performed to enable comparisons of apical vertebra rotation (AVR)
(Figs. 1 and 2). A follow-up of at least 2 years was required; mean
follow-up was 37 months (range, 27-36 months). Table 1 reports
the radiographic parameter values at the three time points. Mean
instrumentation length was 12 levels. Mean operative time was
230 minutes and mean blood loss was 200 mL. No patient required
blood transfusion.

4. Discussion

With this technique, the initial correction from one implant
to the next was performed first in the coronal plane then in the
sagittal plane in order to create sufficient kyphosis. Then, once
the rod was locked at both ends, a direct derotation manoeu-
vre applied to the screws at the apex from one implant to
the next induced no loss of the previously established kyphosis.
Compared to other studies in patients with large pre-operative
angles (72°), we obtained similar quantitative correction in the
coronal plane, as well as in the horizontal plane (from-—21°
to—11° at last follow-up) [8,9]. Despite the improved kypho-
sis restoration (21° before surgery and 26° at last follow-up),
our technique did not allow as much correction in the sagittal
plane compared to simultaneous translation on two rods with
pre-contouring [10].

Correction techniques involving manoeuvres on the convex
side have been described previously but consistently involved
instrumentation of the vertebrae at the apex of the concavity
[11-13]. Pedicle screw implantation on the convex side is easier
and carries less risk of malposition within the vertebral pedicles
[14]. Constraints during contouring are less marked, allowing bet-
ter preservation of the mechanical properties of the rod. Finally,

decreasing implant density was recently shown to decrease costs
[15].

The main limitations of this study are the retrospective design
and small sample size. In the future, follow-up data from the
patients will add to the information in this technical note. More
specifically, data are needed to determine whether the correction
could be significantly improved depending on the evaluation of
curve rigidity. Nevertheless, this technique is simple, and during
the procedure the surgeon can decide to instrument the concave
side if the use of a more conventional method seems desirable.

Disclosure of interest

The authors declare that they have no competing interest.

Funding

None.

Authors’ contribution

All authors contributed to the manuscript.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.0tsr.2019.05.007.

References

[1] Cotrel Y, Dubousset J. A new technic for segmental spinal osteosynthesis using
the posterior approach. Rev Chir Orthop 1984;70:489-94.

[2] Steib JP, Dumas R, Mitton D, et al. Surgical correction of scoliosis by in situ
contouring: a detorsion analysis. Spine 2004;29:193-9.


http://dx.doi.org/10.1016/j.otsr.2019.05.007
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0080
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0085

1174 P. Violas et al. / Orthopaedics & Traumatology: Surgery & Research 105 (2019) 1171-1174

[3] Clément JL, Chau E, Vallade M]J, et al. Simultaneous translation on two rods
is an effective method for correction of hypokyphosis in AIS: radiographic
results of 24 hypokyphotic thoracic scoliosis with 2 years follow-up. Eur Spine
]2001;20:1149-56.

[4] llharreborde B, Even ], Lefevre Y, et al. Hybrid constructs for tridimensional cor-
rection of the thoracic spine in adolescent idiopathic scoliosis: a comparative
analysis of universal clamps versus hooks. Spine 2010;35:306-14.

[5] Sales de Gauzy ], Jouve JL, Ilharreborde B, et al. Use of the universal clamp in
adolescent idiopathic scoliosis s. Eur Spine ] 2014;23(14):5446-51.

[6] Sudo H, Ito M, Abe Y, et al. Surgical treatment of Lenke 1 thoracic adoles-
cent idiopathic scoliosis with maintenance of kyphosis using the simultaneous
double-rod rotation technique. Spine 2014;39:1163-9.

[7] Violas P, Chapuis M, Bracq H. Local autograft bone in the surgical management
of adolescent idiopathic scoliosis. Spine 2004;29:189-92.

[8] Clements DH, Betz RR, Newton PO, et al. Correlation of scoliosis curve correction
with the number and type of fixation anchors. Spine 2009;34:2147-50.

[9] Asher M, Lai SM, Burton D, et al. Safety and efficacy of Isola instrumentation
and arthrodesis for adolescent idiopathic scoliosis: two- to 12-year follow-up.
Spine 2004;29:2013-23.

[10] Clement JL, Chau E, Geoffray A, Suisse G. Restoration of thoracic kyphosis by
simultaneous translation on two rods for adolescent idiopathic scoliosis. Eur
Spine ] 2014;23(4):5438-45.

[11] Terai H, Toyoda H, Suzuki A, et al. A new corrective technique for adolescent
idiopathic scoliosis: convex manipulation using 6.35 mm diameter pure tita-
nium rod followed by concave fixation using 6.35 mm diameter titanium alloy.
Scoliosis 2015;11(2):S14.

[12] Chang KW. Cantilever bending technique for treatment of large and rigid scol-
iosis. Spine 2003;28:2452-8.

[13] Yang ], Huang Z, Grevitt MP, et al. Double-curve synchronous derotation with
convex correction: a new corrective technique for adolescent idiopathic scol-
iosis with double curves. ] Spinal Disord Tech 2014;27:E32-6.

[14] Uehara M, Takahashi ], Ikegami S, et al. Pedicle screw loosening after posterior
spinal fusion for adolescent idiopathic scoliosis in upper and lower instru-
mented vertebrae having major perforation. Spine 2017;42:1895-900.

[15] Tannous OO, Banagan KE, Belin EJ, et al. Low-density pedicle screw constructs
for adolescent idiopathic scoliosis: Evaluation of effectiveness and cost. Global
Spine ] 2018;82:114-20.


http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0090
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0095
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0100
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0105
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30170-7/sbref0150

	Correction of thoracic adolescent idiopathic scoliosis via a direct convex rod manoeuvre
	1 Introduction
	2 Technique
	3 Results
	4 Discussion
	Disclosure of interest
	Funding
	Authors’ contribution
	Appendix A Supplementary data
	References


