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The effect of 3D scoliosis correction on the length of the spinal

canal
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With great interest we read the study of Yahara er 4/ in
which they investigated the three-dimensional (3D) length
of the spinal canal from T2 to L2 in patient undergoing
adolescent idiopathic scoliosis (AIS) surgery (1). Ultimately,
they suggest that surgeons should understand how much
the spinal canal is elongated by the deformity correction
in order to lessen the risk of neurological complications.
In this commentary, we try to link the findings of the
present study to the current knowledge on the complex 3D
pathoanatomy of AIS.

AIS is a classic orthopedic disorder that, regardless of
its deeper underlying cause, is the result of an imbalance
between the biomechanical loading of the upright human
spine on the one hand and the body’s compensating
mechanisms on the other (2). Previous studies have shown
that AIS is a rotational deformity, in which the anterior
aspect of the apical area of the spinal deformity rotates away
from the midline (3,4). As already described by anatomists
in the early 19th century, as well as more recently, using
innovative 3D imaging techniques, by multiple research
groups, it is now well known that this process of rotation
away from the midline, in which the posterior structures
stay behind, ultimately leads to the development of
a rotated, apical lordosis of the apices of the scoliosis
(5,6). This lordosis, or excess anterior length, takes place
predominantly in the soft tissues and not in the bone, there
is no evidence of an actual disturbance of bony growth.
Rather, the discs expand in their anterior aspects and the
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interlaminar and interspinous soft tissues are compressed
posteriorly. Furthermore, this process occurs in other forms
of scoliosis as well, it is by no means typical for AIS and
should not be considered part of its etiology (7).

Thus, AIS is a complex 3D deformity of the spine,
characterized by a segmental rotation, coronal deviation and
a segmental lordosis of the apex of the spinal curvature. As a
compensatory mechanism for global sagittal spinal balance,
the junctional areas are relatively straight or even slightly
kyphotic. On full-spine posterior-anterior radiographs in
the standing position, most spines with AIS represent as
a structural main thoracic curve, with a (non)structural
compensatory high thoracic above and/or (thoraco) lumbar
curve below. On lateral radiographs, the combination of the
rotated segmental apical lordosis in combination with the
alignment of the junctional zones may present as different
global sagittal alignment patterns (8,9).

In the present study, Yahara er /. conclude that
corrective surgery for AIS elongates the spinal canal and
that the preoperative coronal Cobb angles are predictors of
postoperative spinal canal length after scoliosis surgery (1).
Modern day surgical techniques for AIS aim to prevent for
further spinal deformation and attempt to restore spinal
balance. The basic principle for definitive AIS surgery
implies that the deformity is corrected in all 3Ds, and the
spine is fused in an optimally balanced configuration in all
three planes (10). In all centers in this study derotational
strategies were used. Theoretically this leads to coronal
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Cobb angle correction by derotation of the apical lordosis
back to the midline. It the sagittal plane, however, it induces
relative hypokyphosis and a higher inflection point. For
recreation of physiological kyphosis, anterior shortening
or posterior lengthening of the spine is inevitable. This
corresponds to the finding that T2-L2 spinal length was
iatrogenically increased by corrective surgery in all cases.
Moreover, the larger the magnitude of the pre-operative
3D deformity and thus the pre-operative 3D rotated apical
lordosis, the more posterior lengthening is necessary for
successful sagittal restoration of the physiological double
S-shape, especially at the apex. Therefore, the findings
of increase of T2-L2 spinal length are the result of a
combination of the pre-operative magnitude of the curves,
the amount of derotation performed combined with the
posterior lengthening procedure (active distraction and
Ponte osteotomies).

Of course, the main goal of a surgical procedure for
scoliosis, as for any other indication, is not to harm the
patient. Neurological complications are devastating for
the patient, the family, but also for the surgeon. So, any
insight into the mechanisms that may put the patient at
risk is welcome, and every attempt should be undertaken
to avoid these complications. This includes state of the art
neuromonitoring during the procedure to have an early
warning system, that gives the opportunity to modify the
surgical strategy and take appropriate measures when
changes occur. Part of that strategy can be to reduce the
amount of correction in whichever plane. Since we do
not know the individual tolerance of the spinal cord to
changes in length, the question remains, however, whether
the surgeon should minimize beforehand this posterior
elongation. 3D length of the spinal canal in the operated
area of the spine may not be representative for the relative
traction on the spinal cord by the deformity. First, the
spinal cord has an excentric position in the concavity of
the curve within the spinal canal in the apical area of AIS.
Second, compensatory changes in spino-pelvic alignment
in the nonfused area of the spine may also influence the
elongation/traction of the spinal cord. Last years, there is
increasing evidence that successful restoration of coronal
and sagittal balance may have a protective effect on the
unfused discs, as well as that it is important to re-create a
critical thoracic kyphosis, in order to prevent flat back with
further sagittal plane deterioration such as proximal or
distal junctional kyphosis as well as decompensation of the
cervical spine (11-14).

By combining the pathoanatomical data from previous
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studies with the data of the present study, we can conclude
that (I) in order to correct the 3D spinal deformation,
posterior lengthening of the spine, as well as anterior
compression of the discs, is mandatory for restoration of
spinal harmony in the sagittal plane, (II) for severe double
thoracic curves, the posterior lengthening needed for
adequate sagittal correction may reach the limit of stretch/
traction to what the spinal cord allows for without having
severe neurophysiological complications. A potential
alternative for posterior lengthening procedures may be
anterior shortening by taking out a number of discs.

Although this study provides valuable information on
the effects of modern day scoliosis surgery on the length of
the spinal canal, it still remains unknown what the effect on
the functioning of the spinal cord is As research continues
on the 3D pathoanatomy of the spine and spinal canal in
AIS, it can be expected that the effect of different surgical
correction techniques on the length spinal canal will be
revealed as well as the clinically relevant consequences for
the spinal cord. Furthermore, 3D imaging modalities which
allow for dynamic assessment of spine and spinal canal
morphology (combined with neuromonitoring) in different
body positions, may provide an opportunity to evaluate
the limits of spinal cord stretch without neurological
compromise, pre-operatively.
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