Osteotomy Techniques for Spinal Deformity
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The aging population has led to increasing number of
patients with spinal deformities. Such deformities can be
congenital, idiopathic, or inflammatory in origin and can be
functionally and psychologically debilitating. Osteotomies
could be lifesaving procedures for some severe deformities.
Currently, various osteotomy techniques have been applied
to treat spinal deformities. The goals of surgery are to obtain
a satisfactory balance in both the sagittal and coronal planes,
create a solid fusion with a balanced spine, relieve pain, and
prevent further deformity.!!!

To achieve an optimal profile, surgical correction requires
careful planning.”” Preoperative clinical and radiographic
evaluations are necessary.’! Anteroposterior and lateral
full-length spinal radiographs, supine bending, and
three-dimensional reconstruction imaging can demonstrate
the flexibility and severity of the deformity. The surgeon must
consider the global spinopelvic alignment during surgical
planning. According to Smith et al.,¥ the ideal sagittal
alignment is sagittal vertical axis <50 mm, pelvic tilt <25°,
and pelvic incidence—lumbar lordosis <10°. The patient’s
chief complaint, neurological status, medical comorbidities,
and the predicted natural course of the deformity are the
other main factors of the preoperative plan.l! Selecting
the appropriate level is also critical to the success of an
osteotomy. Osteotomies are typically performed in the region
of the relative kyphosis and maximal deformity, which can
be in the cervical, thoracic, or lumbar spine.) Determining
which osteotomy is most appropriate is critically important
because no single type of surgery works for all deformities.

Smith-Peterson osteotomy (SPO) is described as an opening
wedge osteotomy with a hinge at the posterior aspect of the
disc space. This technique involves the resection of posterior
elements, including bilateral facet joints, part of the lamina,
and the posterior ligaments at the osteotomy site. Deformity
correction during this procedure is achieved by shortening
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the posterior column and lengthening the anterior column by
opening a disc through manual extension [Figure 1a]. The
Ponte osteotomy (PO) as a modified technique advanced the
SPO one step further removing both superior and inferior
facets, the posterior ligaments, and more as indicated
for Scheuermann’s kyphosis and adolescent idiopathic
scoliosis.[®

Of note, classical SPO is limited to 10°—15° as the expected
range resulting from a single-segment osteotomy with 1 cm
resection through a disc that is mobile and of adequate
height. Moreover, SPO has a potential loss of correction.
Zhu et al.”) compared the SPO and pedicle subtraction
osteotomy (PSO) methods in ankylosing spondylitis (AS)
patients and concluded that the mean loss of correction
of >5° occurred in four cases (21.1%) in the SPO group
and five cases (16.1%) in the PSO group. SPO and PO are
mainly used for cases of long, rounded, smooth kyphosis,
such as Scheuermann’s and idiopathic kyphosis, especially
with a previous fusion and malunion. Minor kyphosis
deformities <30° are also candidates for SPO. Clinically,
SPO is a relatively simple procedure that offers stable
fixation and deformity correction with less bleeding, less
operative time, and fewer complications. The potential
complications caused by SPO include paraplegia from
spinal kinking, cauda equina compression, and abdominal
vessel injury from stretching of the anterior column. Some
surgeons have modified SPO into a more posterior column
resection and anterior osteoclasis and have achieved over 30°
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Figure 1: Spine osteotomy techniques. (a) Smith-Peterson
osteotomy. (b) Pedicle subtraction osteotomy. (c) Vertebral column
resection. (d) “Y”-shaped vertebral column decancellation.

of correction at one level.¥! It should be noted that SPO is
susceptible to sagittal translation of the spinal column, which
can cause cord compromise.

PSO, a closing-wedging osteotomy, is a three-column
osteotomy. During this procedure, posterior elements and
a V-shaped bony wedge of the vertebral body are resected
and the middle column is shortened without lengthening
the anterior column [Figure 1b]. Compared with SPO,
PSO is classified as a higher-grade osteotomy and is
technically more demanding.””? On average, classical
PSO can achieve approximately 30°—40° of lordosis at
each level which it is performed.l'” Many modifications
of this closing-wedge osteotomy have been described.
Chen et al.'" removed the bone and the upper disc
through the pedicle and this technique was performed
as a safe and reliable surgical option in 13 patients
with failed short-segment pedicle instrumentation after
thoracolumbar fracture. Zhang et al.l'* also achieved
satisfactory results using modified PSO to treat Kiimmell
disease with neurologic deficits. One-level modified
PSO can obtain a maximum correction angle of 60°
by removing more of the lamina and upper and/or
lower end plate.['*! In recent years, PSO has become a
more popular choice for correcting spinal deformity.
Short angular deformity, severe global positive sagittal
imbalance >6 cm, and concomitant coronal deformity
are often candidates for PSO. Examples include
posttraumatic kyphotic collapse, degenerative scoliosis,
postinfectious kyphosis, and AS. This technique requires
the dissection of more structures, theoretically leading
to a longer operation time, more blood loss, and a higher
risk of neural deficits. Stability of the spinal column
may be lost abruptly during the process of closing the
osteotomy space. Sagittal translation sometimes occurs
during asymmetric osteotomy or cantilever maneuvers
and can cause catastrophic dura impingement.

Another three-column osteotomy is the bone-disc-bone
osteotomy (BDBO), which aims to resect the disc with
its adjacent endplate(s). During this procedure, a wedge
osteotomy that includes the disc endplate(s) with or without
the pedicle(s) is performed. The correction rates range from
35°t0 60°. Kose et al.' reported that BDBO was performed
at the C7-T1 level to correct an extension deformity of
the cervical spine in patients with muscular dystrophy
who presented clinically with debilitating hyperlordosis;
the procedure resulted in significant acute clinical and
radiological improvement.

Vertebral column resection (VCR), the most powerful
tool for spinal deformity correction,!”! is defined as the
resection of more vertebral segments, including the spinous
process and lamina, pedicles, vertebral body, and the discs
above and below the vertebral body [Figure 1c]. VCR is
useful for treating patients with severe and fixed trunk
translation, and it has been described for the treatment of
spinal column tumors, spondyloptosis, congenital kyphosis,
and hemivertebral excision.!'® Because this procedure is
extremely technically demanding and has considerable
potential for complications, Suk et al.!'? referred to it as
a “formidable last resort technique for the most tenacious
spinal deformities.”

Overall complication rate has been reported to range widely
by different authors. Major and minor complications of
VCR are subdivided into neurological and nonneurological
complications, respectively. During posterior reconstruction,
the spine is highly unstable; consequently, neurological
deficits are not uncommon secondary to vertebral
subluxation, dural bucking, or compression of the spinal
cord.'"! In addition to neural injury, pneumothorax, fixation
failure, and postoperative pulmonary complications are also
relatively common injuries.!'®

As a combination of several osteotomy techniques,
“Y”-shaped vertebral column decancellation (VCD) is
a new spinal osteotomy that incorporates the eggshell
technique, SPO, PSO, and VCR.[" The procedure is a
“Y”-type osteotomy rather than a “V”-type osteotomy. It
is characterized by controlled anterior column opening,
posterior column closing, and middle column preservation as
the hinge. The key points of the “Y”’-shaped VCD technique
are to remove a relatively small amount of the posterior
half of the osteotomy column and preserve as much as
possible of the middle column as the hinge, which serves
as the correction “leverage” to provide greater stability
and better fusion during the correction procedure. Opening
the anterior column results in a larger correction angle and
decreases the need to shorten the posterior column, which
reduces the risk of sagittal translation and neurological
sequelae. Furthermore, osteoclasis of the anterior cortex is
more suitable for correcting rigid deformities [Figure 1d].

Patients with congenital kyphoscoliosis or severe sagittal
angular kyphosis, such as Pott’s deformity, have ideal
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indications for the “Y”-shaped VCD osteotomy.?” If the
required correction of a round angular deformity is much
larger than 40°, a “Y”-shaped VCD is also an option. In
fact, “Y”’-shaped VCD is useful for most deformities other
than L5 spondyloptosis and spinal tumors. The “Y”*-shaped
VCD technique creates an osteotomy gap with a “Y” shape
rather than a “V”’ shape, which preserves the middle vertebral
column. According to Denis three-column theory, the middle
column is the most important supporting structure.

As we know, most of the kyphotic deformities result from
AS and Pott’s deformity in China. Almost 100 patients with
AS or Pott’s deformity received surgical treatment at our
hospital and we preferred this effective spinal osteotomy of
“Y”-shaped VCD. It offers a safe and reliable way to achieve
good results, including realignment of the deformed spine,
decompression of neurological elements, and improved
neurological function. In experienced hands, these results
can be achieved with an acceptable complication rate when
compared with other procedures of a similar magnitude.
Each osteotomy technique has its unique characteristics and
advantages, and balance is the ultimate goal in deformity
correction. In recent years, global balance in the spine and
major joints has attracted an increasing attention. The range
of motion of the hip and knee and spine alignment influence
one another. Gebhart et al.?! suggested that hip function is
closely related to spinal symptoms. When selecting a surgical
strategy for correcting a spinal deformity, the function of the
hip and knee should be taken into consideration.

Over the past decades, osteotomies ranging from smaller
facetectomies to major three-column resections have been
widely used in clinical practice. Of note, using osteotomies
for correcting spinal deformity involves skill not only in the
operating setting, but also in a detailed patient-specific plan
prior to operation. We believe that multicenter collaboration
will provide more evidence-based guidelines for the complex
clinical scenarios in the future.
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