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Abstract Kyphosis is a difficult topic of spinal surgery, and its management contains
many controversies. Surgical management needs consideration of different aspects of
the kyphotic deformity such as neurological status, the presence of spinal cord com-
pression, angle of the kyphosis, the quality of bone, and accompanying diseases. In
case of significant cord compression and neurological compromise, anterior surgery
should have the priority. However, in smooth-angled kyphosis and ankylosing spon-
dylitis patients, deformity can easily be reduced by a posterior-only approach. Since
they have no neurological deficits, and large spinal canals, most suitable patients for
pedicle subtraction osteotomy are the patients with ankylosing spondylitis.
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In lumbar kyphosis one-level pedicle subtraction osteotomy (especially at L2 or
L3 levels), in thoracic kyphosis multilevel osteotomies, and in cervicothoracic
kyphosis an osteotomy at C7-T1 level should be preferred.

Pedicle subtraction osteotomy is a technically demanding procedure that requires
surgeons to perform meticulous technique and consider biomechanical issues to
achieve satisfactory results and avoid complications. An attempt to correct the rigid
fixed spinal deformity is a difficult task and requires the capability of a highly expe-
rienced spine surgeon. Although the physical outcome and patient satisfaction of
surgical treatment is quite good, risks and complications should always be consid-
ered by both the physician and patient.

Keywords Kyphosis ¢ Sagittal plane deformity ® Ankylosing spondylitis ¢ Pedicle
subtraction osteotomy * Deformity correction

Introduction

Kyphosis is a sagittal spine deformity that may cause significant disability, pain, and
neurological deficits. Kyphosis may be due to trauma, infection such as tuberculo-
sis, ankylosing spondylitis, Scheuermann disease, degenerative diseases, and osteo-
porotic compression and iatrogenic reasons usually after multilevel laminectomy.
This chapter aims to review the surgical techniques to correct thoracolumbar
kyphosis and diminish the neurological deficits caused by compression of the
kyphotic deformity. Cervical kyphosis will not be reviewed in this manuscript.

History

Surgery to correct the kyphosis was possibly first attempted in Pott’s disease. In
1945, vertebral osteotomy to correct spinal deformity in ankylosing spondylitis was
first introduced by Smith-Peterson [27]. Smith-Peterson and coworkers [27] have
reported their results in six patients by applying a single posterior osteotomy and
hyperextension of lumbar spine. Postoperatively the patients were placed in plaster
immobilization. The results were satisfactory, and patients could stand erect and
were able to see ahead.

LaChapelle [16] have performed a two-stage osteotomy for thoracolumbar
kyphosis under local anesthesia at L2—L3 level. After removal of posterior elements
in first stage, he had performed an anterior osteotomy to place bone grafts into the
disc space under general anesthesia 2 weeks later. He then placed the patient in a
plaster jacket. Briggs and coworkers [4] and have used similar technique and again
without internal fixation.

First articles reporting posterior osteotomy declared a significant incidence of
major complications with mortality up to 10 % and paraplegia 30 % [4, 16, 27].
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Rupture of the aorta, acute gastric dilation, and superior mesenteric artery thrombo-
sis have also been reported.

Since anterior opening-wedge osteotomies pose a particular risk to rupture or
obstruct the aorta [1, 18], Scudese and Calabro [24] have modified the Smith-
Peterson osteotomy by removing the disc at the selected level together with the
superior portion of the body. They claimed that aortic or inferior vena cava obstruc-
tion is less likely by shortening posterior part of the spine and not opening the disc
space and anterior longitudinal ligament in front.

Simmons [25] has done osteotomy of the cervical and lumbar spine by using
local anesthesia, which allows continuous intraoperative monitoring of neurologic
status. However, with recent surgical techniques, the use of general anesthesia, and
early mobilization by internal fixations, morbidity and mortality have markedly
decreased [5, 11, 13, 19, 20, 23].

In 1985, Thomasen [30] first reported a transpedicular closing-wedge osteotomy
in treating ankylosing spondylitic kyphosis. This technique has been widely used
for correcting kyphosis of various kinds with good results.

Etiology

There are many causes of kyphosis which are summarized below:

(a) Congenital: Congenital vertebral body and posterior element anomalies, fusion
defects, and segmentation abnormalities may result in progressive flexion
deformity. Without surgical intervention, the deformity is progressive.

The congenital kyphosis is radiographically classified as failure of formation
(Type 1), failure of segmentation (Type 2), and mixed deformity (Type 3) [20,
36, 37].

(b) Ankylosing spondylitis: Ankylosing spondylitis belongs to a group of seronega-
tive spondyloarthropathies. The incidence of the ankylosing spondylitis is esti-
mated 1.4 % of the general population [8]. It goes with remission and
exacerbation periods and primarily affects the spine and hip joints causing pro-
gressive bone fusion resulting with ossification of the intervertebral disc, nar-
rowing of joints, and osteoporosis and fusion of the spine. Spinal fusion starts
from lumbar level and progresses cranially to the cervical spine. Whole spine is
now like a long bone and susceptible to fractures. A progressive flexion defor-
mity may result with a disabling kyphosis.

A severely disturbed sagittal contour, loss of horizontal gaze resulting to
inability to see the front and especially the sky, and social and psychological
isolation are results of severe kyphosis. Besides, respiratory restriction and a
higher risk for trauma occur. Although not a strong indicator, HLA-B27 antigen
is a test for searching ankylosing spondylitis. Besides, the attachment of
sacroiliac joints is an important indicator of the disease. Kyphotic deformity
can be measured by the Cobb method and the chin-brow technique.
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Trauma in ankylosing spondylitis may also cause kyphosis. Although frac-
tures occurring in ankylosing spondylitis patients are potentially very disabling,
even lethal, they may sometimes be unrecognized and cause insidious kyphosis
with mild pain. The majority occur in the lower cervical spine and often result
in quadriplegia [2, 9, 22, 29, 31].

(c) Trauma: Thoracolumbar fractures and dislocations may result with kyphotic
deformity if not properly treated [5]. Kyphosis after trauma may be accepted as
a long-term complication which can lead to further deterioration in function and
quality of life.

(d) Infection: The most frequent infection causing kyphosis is tuberculosis, or the
so-called Pott’s disease. Besides, other infections, primary or iatrogenic spon-
dylodiscitis, may also cause kyphosis in chronic forms.

(e) Degenerative: Degenerative diseases, especially in the lumbar spine, may
change the sagittal balance and cause the so-called flat back deformity and
sometimes significant kyphosis [12].

(f) Postlaminectomy: Postlaminectomy Kyphosis is more frequent in cervical spine.
However, especially in pediatric ages, multilevel laminectomies in thoracic and
lumbar spine can also cause kyphotic deformity.

Clinical and Radiological Evaluation

From the physician’s point of view, there are mainly two types of kyphosis: (a)
kyphosis without neurological deficits and (b) kyphosis with neurological deficits.
For a good management planning, the bone density, angle of the kyphosis, age of the
patient, associated disorders, and comorbidities should also be evaluated (Table 1).

The normal values of physiological thoracic kyphosis (T2-T12) vary between
30° and 50°. Lumbar lordosis varies between 45° and 70°. The sagittal vertical axis
passes 2 cm of the posterior superior corner of S1.

The C7 plumb line is the line drawn perpendicular to the floor from the centrum
of C7 body. It must cross from the posterior superior edge of S1 end plate. If the

Table 1 Kyphosis

: ) According to etiology
classification

(a) Congenital

(b) Ankylosing spondylitis

(c) Trauma

(d) Infection

(e) Degenerative

(f) Postlaminectomy

According to neurological deficits

(a) Kyphosis without neurological deficits
(b) Kyphosis with neurological deficits
According to angulation

(a) Sharp-angled kyphosis

(b) Smooth-angled kyphosis
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plumb line is anterior to the S1, it is called positive sagittal balance which indicates
a hyperkyphosis. If the C7 plumb line is dorsal to the S1, it is called negative sagittal
balance which indicates a hyperlordosis.

Spinal deformity can be clinically measured by the “chin-brow technique.” A
line drawn from the brow to the chin intersecting the vertical axis would give
approximate angle of kyphosis. It is a practical method to measure the angulation
clinically without direct X-rays.

Radiologic assessment should include a whole-spine standing direct roentgeno-
gram including hip joints. For evaluation of the fexibility, a flexion-extension view
should also be obtained.

With assessment of radiographic images, the site of the primary deformity should
be determined. This will be the site of major surgical correction. The amount of
bone to be resected at each level can then be measured.

Magnetic resonance images will also be valuable to obtain information about
bone density and edema and other abnormalities, such as congenital problems and
tethered cord syndrome.

Treatment Planning

Surgical indications are summarized in Table 2. The indications are quite variable
and more related with etiology of the kyphosis.

(a) Cord compression: If it causes significant cord compression, the principle of the
surgery must be to decompress the apex of the kyphotic deformity. At the same
session, deformity correction may also be tried. Kyphosis due to trauma, Pott’s
disease, and some congenital diseases are most frequent reasons for kyphosis
with neurological deficits.

(b) Pain may be the only symptom in traumatic, degenerative, osteoporotic kypho-
sis. In that instance, the aim of the surgery must be deformity correction together
with fusion.

(c) Respiratory problems are a late complication of severe kyphosis. Surgery
should aim to prevent respiratory failure. However, in severe kyphotic cases
with significant restriction of respiration, the surgery under general anesthesia
will pose significant risk.

(d) Deformity itself can cause significant disability and may be the primary aim of
the surgery. Ankylosing spondylitis is a good example to that situation. If the
angle of the kyphosis exceeds 75°, patients are not able to see the faces of the
other persons when sitting and standing. They cannot walk easily. To correct
their sagittal balance, they try to flex their knees and hips.

Table 2 Surgical indications

. > Neurological deficits—mostly due to sharp-angled severe kyphosis
in kyphosis

Pain not responding to conservative treatment
Respiratory insufficiency
Kyphosis exceeding 75°
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Kyphotlc Deform|ty

/\

Soft angle kyphosis

Sharp angle kyphosis

Mostly ankylgsing Other etiology
spondylitis
Neurological deficits
o |
Flexible Fixed
Scheuermann Trauma,
kyphosis congenital
Posterior osteotomy Antenor_ Posterior fixation| | Anterior-Posterior
. f decompression + .
Pedicle subtraction or ! . + Smith Peterson surgery or
- anterior + posterior
Smith Peterson fixation osteotomy Vertebrectomy

Table 3 Algorithm for surgical management of kyphosis

In general, an anterior surgery is necessary if kyphosis is with neurologic
deficits and if the angle of kyphosis is more than 70°. Posterior techniques with
osteotomy is necessary, if there is a long curvature kyphosis, if the short
curvature thoracic kyphosis is between 30° and 70°, or if lumbar kyphosis is
more than 20°.

Decision making in kyphosis management is not well defined, and there are many
options for surgery. Table 3 gives a personal algorithm for surgical management.

General Precautions

Before surgery, specific problems that might result in intraoperative complications
should be evaluated.

(a) Respiratory function may be diminished by kyphotic deformity, especially in
severe thoracic kyphosis. Besides, ankylosis of the ribs may restrict chest
expansion. As a result, postoperative use of a ventilator may be necessary.

(b) Intubation difficulty may pose an important problem especially in ankylosing
spondylitis patients. Deformity in cervicothoracic junction and ankylosis of
temporomandibular joints are the reasons for that. Fiber-optic intubation may
be helpful. In some cases a tracheostomy may be necessary.
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(c) Nutritional status: Ankylosing spondylitis patients may have associated ileitis
or colitis. The nutritional status of the patient may be worse.

(d) Osteoporosis: Bone density is another condition that must be evaluated well.
Geriatric patients and patients with ankylosing spondylitis are prone to dimin-
ished bone density. In case of significant osteopenia, special planning of fixa-
tion should be anticipated.

(e) Hip joints: If hip joints are ankylosed and a flexion deformity is developed, cor-
rection of this problem, i.e., hip replacement, should proceed before kyphosis
correction.

Surgical Techniques

In thoracolumbar kyphosis, anterior surgery is necessary mainly for decompression
of the spinal cord. If there is no cord compression, posterior-only approaches may be
used. However, both for correction purposes and stabilization of the vertebral col-
umn, posterior surgery is necessary. Table 4 summarizes the surgical techniques.

Van Royen and De Gast [34] have classified the posterior osteotomies as follows:
(1) opening-wedge osteotomy, (2) polysegmental wedge osteotomies, and (3)
closing-wedge osteotomy. There is no consensus on the literature of which tech-
nique is more suitable for surgery of kyphosis correction.

(a) Rod reduction and fixation: This technique may be applied for more flexible
kyphosis, and good candidates are patients with degenerative kyphosis and
Scheuermann disease. Rods are first placed on the proximal screws, then the
rods are pushed to the distal screws by reducing the hyperkyphosis and con-
nected to the distal part of the construct [19] (Fig. 1).

Kyphosis in Scheuermann disease can be managed by an anterior apical
release and fusion before posterior rod compression instrumentation and closing-
wedge lamina resection. A report by Johnston and coworkers [13] has examined
the necessity of anterior spinal fusion and concluded that a posterior-only surgery
with posterior compressive instrumentation with threaded rods is sufficient.

(b) Smith-Peterson osteotomy: This an extension osteotomy and is originally
described by Smith-Peterson in 1945. Osteotomies are done by removing the
posterior elements completely at the disc level. Then, the spine is extended
through the osteotomized segments and disc spaces. It causes approximately

Table 4 Type of surgical

. ' = (a) Rod reduction and fixation
techniques in kyphosis

(b) Smith-Peterson osteotomy

(c) Pedicle subtraction osteotomy

(d) Combined anterior-posterior surgery

(e) Vertebral column resection
Posterior-only resection
Anterior-posterior resection
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Fig. 1 Rod reduction and fixation technique for flexible kyphosis. The upper and lower segments
of the kyphosis are anchored whether by screws or hooks; after placing and tightening both rods
on the upper vertebra, rods are pushed ventrally and placed on the lower screws by achieving some
kyphosis correction

10-15° of correction at each level (Figs. 2 and 3). The main risk of this tech-
nique as originally described is rupture of the ventral part of the disc and ante-
rior longitudinal ligament, resulting to stretching of the abdominal viscera
which may cause rupture or obstruction of the aorta. Some surgeons prefer to
place anterior strut grafts after posterior instrumentation [16].

(c) Pedicle subtraction osteotomy: This is an approach resecting posterior ele-
ments, both pedicles and a part of the body in a wedge style (Fig. 4). The main
advantage is that the whole procedure can be done by a posterior-only approach.

Thirty to thirty-five degrees of lordosis can be achieved with this technique. If
the surgeon expects more degrees of correction, osteotomies must be performed
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Fig. 2 Smith-Peterson osteotomy in one level. Only a part of the lamina and facet joints is
removed, and a kyphosis is reduced by deflection of the table. The ventral part of the disc space
opens and even anterior longitudinal ligament may rupture during this reduction

in multiple consecutive levels. For example, 100° of kyphosis may be corrected
by three-level pedicle subtraction osteotomy.

The so-called egg-shell procedure is to enter the vertebral body via pedicles
and remove spongious bone inside the body by leaving the cortex of the body
like a shell of an egg. Then, compressive instrumentation would result in col-
lapse of the body and result with lordosis. This procedure, however, poses a risk
that the posterior part of the body may retropulse the spinal canal and cause
spinal cord compression.

Pedicle subtraction osteotomy is performed by a careful resection of the poste-
rior elements than decancellation of the body via a transpedicular route. I perform
this procedure under operation microscope, remove transverse processes and lat-
eral margins of the pedicle, enter the body using a high-speed drill, and go through
till the anterior longitudinal ligament. At last, I push the posterior cortex of the body
ventrally and excise the posterior longitudinal ligament. Afterwards, the entire
spine is extended through the osteotomy site using deflection of the operating table
and sometimes by additional compression of the adjacent pedicle screws on the
rod. After closing the gap, the dura must be observed carefully, and any kinking or
compression by lamina must be avoided to prevent neurological deficits.

If it is a whole-spine—thoracic and lumbar—kyphosis, correction may be
achieved through lumbar osteotomy, and relordosation is accomplished. Thomasen
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Fig
than 15-20° reduction. By multilevel osteotomies, more correction in a smooth-angled kyphosis
may be achieved

(d)

(e)

M. Zileli

; ..\

. 3 Smith-Peterson osteotomy in multiple levels. One-level osteotomy cannot provide more

has chosen the L2 vertebra for posterior osteotomy [30]. Although he has used
plates and metallic wires posteriorly in some patients, he also has placed the
patients in a plaster jacket for 3 months. Simmons [26] has used Harrington com-
pression system for thoracic deformity. With the advent of new pedicle-based
internal fixation techniques, plaster jackets have been abandoned today [3, 28, 34].
Combined anterior-posterior surgery: This is advocated in severe deformity
with significant compromise to the spinal cord. If a combined anterior-posterior
osteotomy is chosen, thoracotomy is performed from the convex site of the
deformity. In both approaches a ventral cage with grafts should also be placed.
Anterior strut grafting has also been advocated after Smith-Peterson osteot-
omy to support anterior column [10, 16]. LaChapelle [16] has first performed a
posterior laminectomy and osteotomy under local anesthesia and, 2-3 weeks
later, an anterior surgery under general anesthesia and excised the intervertebral
disc and applied autologous bone grafts inside the disc space. He then applied a
plaster brace for 6 months.
Vertebral column resection: This is the procedure of choice in severe rigid
deformities. Although a combined anterior-posterior osteotomy may be chosen
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Fig. 4 Pedicle subtraction osteotomy. This technique is done by removing lamina, facet joints,
pedicles, and transverse processes on both sides. Posterior part of the body removal is deepened
till anterior longitudinal ligament by creating a wedge of the body. I push the hidden posterior
cortex of the body ventrally to prevent retropulsion during reduction. This type of osteotomy does
not distract the ventral disc or ligament and causes some shortening of the spine. Approximately
30° of kyphosis reduction may be provided in one level

in some instances, deformities 90° or more can easily be handled with a
posterior-only approach, since the deformity facilitates it. Some surgeons prefer
a circumferential decompression and instrumentation in the same stage [21].

Chen and coworkers [7] have claimed that in severe sharp-angled kyphosis,
a shortening procedure will be too risky, and they advocated the resection of the
apex of the kyphosis, corrected the segment with two rods, and placed a cage in
the resected segment ventrally.

Operative Positioning and Anesthesia

Early reports on posterior kyphosis surgery have used local anesthesia [26]. Smith-
Peterson and colleagues have used general anesthesia with the patient lying in the
prone position. Adams [1] has performed the surgery with the patients lying on their
side.

For cervical osteotomy, Simmons [26] and Law [17] have also used local anes-
thesia in sitting position on a dentist’s chair. Urist [32] has used general anesthesia
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Fig. 5 Positioning of the patient in operating table and correction by deflection of the table

for cervical osteotomy. Two reasons for local anesthesia are observing the neuro-
logical function and difficulty of intubation [26].

We always preferred general anesthesia and prone position with three-pin head
holder. We seldom used sitting position. The surgeon must be prepared to change
the position of the table and correct the deformity after completing the osteotomy
(Fig. 5). Although it is advocated to use spinal cord monitoring, we did not use it in
any of our cases.

Some surgeons recommend to place a nasogastric tube since the superior mesen-
teric artery may be stretched over duodenum resulting in gastric dilation [15].

Technical Considerations in Lumbar and Thoracolumbar
Junction Kyphosis

Posterior-only surgeries in lumbar spine is easier than thoracic and cervical spine,
because the retraction of the cauda equina is possible and reduction is not hard as is
thoracic spine with rigidity provided by the ribs. In patients with ankylosing spon-
dylitis, a patient will resume a more erect position, diaphragmatic ventilation will be
possible, and compression to the abdominal structures by the edges of the ribs will
be reduced.

In smooth-angled kyphosis at the thoracolumbar junction, an osteotomy at L.2
level will be sufficient. In lumbar kyphosis, L3 may be the level of choice.
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Technical Considerations in Thoracic Kyphosis

The previous reports have tried not to implement reduction of thoracic kyphosis
with posterior-only approaches. Simmons [26] has recommended anterior and pos-
terior combined approaches in severe thoracic kyphosis.

It is our intention also to be more cautious at the thoracic levels during correction
by a posterior osteotomy. We believe that multilevel pedicle subtraction osteotomies
by gaining a 30° reduction at each level and meticulous observation of the spinal
cord to be sure that there is no kinking of the dura should be applied.

Simmons has advocated an osteotomy in the midlumbar spine, in case the dorsal
kyphosis is associated with a loss of lumbar lordosis or if the thoracolumbar defor-
mity is less than 40° [26]. We believe that in smooth-angled kyphosis involving both
thoracic and lumbar levels, the midpoint of osteotomy should be L2.

Technical Considerations in Cervicothoracic Kyphosis

Cervicothoracic kyphosis is a more disabling problem than thoracolumbar kypho-
sis. The field of vision is severely restricted, and the patient cannot open his/her
mouth. Because of excessive loads on craniocervical junction, atlantoaxial sublux-
ation may develop. Dyspnea and dysphagia may happen because of compression of
trachea and esophagus.

The first experience of cervical osteotomy is from the 1960s. Urist [32] is the
first surgeon performing osteotomy of the cervical spine in 1958. In 1962 Law
[17] made an extensive report of this technique. Law has performed osteotomy
under general anesthesia at any level below the second cervical vertebra. Internal
fixation was done with wire or plates, and then the patient was placed in a
Minerva cast.

In 1972, Simmons has recommended cervical osteotomy under local anesthesia
and in sitting position because of intubation difficulty [25]. One other advantage of
surgery under local anesthesia is the patients report on paresthetic pain along the
distribution of the cervical roots and prevent damage to the roots. Another differ-
ence from Law’s approach is the site of osteotomy which was at C7 or T1. The
vertebral artery compromise is unlikely at that level since it enters the foramen at C6
level. Besides, C8 and T1 roots are less eloquent roots and can be mobilized easily.
Simmons has not used internal fixation and placed the patient in a halo cast after
surgery which was worn for 4 months (Fig. 6).

The technique we use for cervicothoracic kyphosis is a C7 osteotomy. I con-
sider that kinking of the vertebral artery at upper levels may pose a great risk and
stretching of C8 nerve roots is unlikely. We choose the prone position and use a
Mayfield three-pin head holder. The most difficult part is the intubation of the
patient. The difficulty comes not just from the deformity, but also the ankylosis
of temporomandibular joints causes immobility. A fiber-optic intubation in an
awake patient and using nasal route may be helpful in severely deformed patients.



84 M. Zileli

Fig. 6 Posterior osteotomy of C7 vertebra and correction. C7 is chosen since that will not com-
promise the vertebral artery. Special attention to C8 roots is necessary

After removing C7 spinous process, both pedicles and posterior part of the ver-
tebral body are removed using a high-speed drill. Both C8 roots were mobilized.
Then, by holding the head with both hands, the Mayfield head holder is released
and the head is extended carefully, and the gap between C6 and T1 lamina is
closed. The dura and roots are observed again to be sure there is no kinking and
impingement. A posterior screw system two levels up and two levels below is
then applied in corrected position. The patient is let to walk the next day using a
rigid collar.

Complications and Outcome

There are many reported complications in kyphosis correction:

(a) Neurological worsening: Neurologic compromise could result from spinal cord
compression as a result of inadequate decompression [33] or subluxation [10].
In Simmons’ series [26] using single-level wedge osteotomy in 90 patients,
seven (8 %) developed L3 root or cauda equina compression.
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(b) Aorta rupture and death: This complication is reported in earlier series with
posterior osteotomies causing rupture of the anterior longitudinal ligament
that loads stretching forces to the aorta. The first report for aortic rupture in
correction of ankylosing spondylitis is in 1956 by Lichtblau and Wilson [18].
Law [17] presented a large sample of kyphotic correction and reported a
10 % risk of death associated with surgical intervention. In patients with
ankylosing spondylitis, inflammatory changes may cause the fibrosis of
cardiac vessels and the aorta, and the aorta weakens and becomes prone to
rupture from aneurysms. There are some other reports describing aortic rup-
ture due to lumbar extension osteotomy during surgery or late after surgery
[6, 14, 35].

Besides, by elongation of the anterior column, a stretch of the superior mes-
enteric artery over duodenum may cause gastric dilation and vomiting [26].

(¢) Respiratory problems: This is possible especially in patients with preoperative
restriction of the lung capacity.

(d) Infection is a common complication in long-lasting and instrumented spine
surgeries.

(e) Correction loss: Loss of correction may happen by many reasons such as inap-
propriate surgical planning, pseudarthrosis, osteopenia, and smoking.

In areport of 33 patients with lumbar pedicle subtraction osteotomy, Bridwell
and coworkers [3] reported that 7 had pseudarthrosis, 2 had acute angular
kyphosis, and 5 had transient neurologic deficits whose deficits resolved after
central canal enlargement. Overall patient satisfaction was good, and they con-
cluded that the clinical result with pedicle subtraction osteotomy is reduced
with pseudarthrosis in the thoracic or lumbar spine and subsequent breakdown
adjacent to the fusion. The results with a degenerative sagittal imbalance
etiology were worse, and the complications were higher. They found that central
canal enlargement is a critical issue in surgical management of thoracolumbar
kyphosis.

Ikenaga and coworkers [11] have examined the rate of complications after pedi-
cle subtraction osteotomy in a clinical series and reported 48 complications in 67
patients. There were 6 intraoperative, 4 perioperative (during first 2 weeks), and 38
late postoperative complications. Among late complications, there were adjacent-
segment collapse, 8 (12 %); progression of kyphosis without collapse, 10 (15 %);
infection, 2 (3 %); pseudarthrosis, 7 (10 %); and instrumentation failure, 3 (4 %).
Additional surgery was necessary in 7 patients (10 %).

Personal Series

Between 1992 and 2011, 62 patients with thoracic and lumbar kyphosis were surgi-
cally treated. The mean age is 38 (between 6 and 70 years); male/female ratio is
32/30. Etiology of kyphosis were congenital (21), ankylosing spondylitis (13),
degenerative diseases (7), trauma (7), infection (4), previous laminectomy (4),
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Table 5 Etiology of Etiology of kyphosis
kyphosis in 62 patients who

were surgically treated

N

[\S)
—

Congenital

Ankylosing spondylitis
Degenerative
Traumatic
Postlaminectomy
Infection

Tuberculosis
Scheuermann disease
Myelomeningocele
Osteoporotic

(95}
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Table 6 The type of surgery

" ! Posterior osteotomy and reduction with pedicle fixation 36
performed in personal series

Posterior fixation with interbody fusion 11
Anterior decompression and reduction with fixation 7
Combined anterior and posterior surgery with fixation 8

Scheuermann kyphosis (2), tuberculosis (2), myelomeningocele (1), and osteopo-
rotic compression (1) (Table 5).

There were soft angle kyphosis in 15 patients (cervicothoracic 3, thoracic 3,
thoracolumbar 9). Remaining 47 patients had a sharp-angle kyphosis in either cer-
vicothoracic junction (T1, 1 case; T3—4, 4 cases), thoracic spine (T6, 1 case; T7-8
2 cases; T8-9, 1 case; T9, 1 case; T10, 1 case; T11-12, 2 cases; T12, 4 cases; T12—
L1, 2 cases; L1, 10 cases), or lumbar spine (L1-2, 1 case; L2, 3 cases; L3, 4 cases;
L3-4, 5 cases; L4, 2 cases; L4-5, 3 cases).

The type of surgery performed for this series was posterior osteotomy and reduc-
tion with pedicle fixation (36), posterior fixation with interbody fusion (11), anterior
decompression and reduction with fixation (7), and combined anterior and posterior
surgery (8) (Table 6).

Results: Significant reduction could be achieved in 57 cases. Neurological
deficits did not worsen in patients with preoperative deficits. Complications of
surgery were hardware failures (5 cases), loss of correction (8 cases), wound
problems and local infection (12 cases), and CSF leakage (3 cases). There were
no neurological complications. Figures 7, 8, 9, and 10 are some examples from
our personal series.
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Fig. 7 A 21-year-old male with Scheuermann kyphosis (a, b). Smith-Peterson osteotomies were
performed at T6-7, T7-8, T8-9, and T9-10 levels. T2-5 and T9-12 pedicle screw fixations were
performed, and a compressive correction on rods was performed through a posterior-only approach
(c, d). Postop direct radiograms (e—g) and posture (h) show the reduction of the kyphosis
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Fig. 7 (continued)



Surgery for Kyphosis 89

Fig. 7 (continued)
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[P

Fig.8 A 42-year-old male with severe thoracolumbar kyphosis. He suffers from ankylosing spon-
dylitis for 20 years. He was not able to walk in erect position and look at the faces of other persons
and also the sky when standing (a, b). The kyphosis was approximately 100° (c—f). A four-level
pedicle subtraction osteotomy was performed (g—j), and an excellent reduction could be achieved
(k—n). Note the degree of kyphosis on the operating table before (g) and after (j) surgery
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D

Fig. 8 (continued)
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Fig. 8 (continued)
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Fig. 8 (continued)
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Fig. 9 A 34-year-old male with ankylosing spondylitis for more than 10 years. He had kyphosis
more prominent on cervicothoracic junction in addition to some lumbar kyphosis (a—c). Intubation
was not difficult; however, you can note the degree of deformity in supine position (d). After a Ct
posterior osteotomy, both C8 nerve roots are visualized (e). The gap at the osteotomy site is closed
using manual extension with the release of Mayfield head holder (f). C5 and C6 lateral mass and
T1 and T2 pedicle screw fixations were performed (g). Postoperative photograph 2 days after sur-
gery depicts the amount of correction and recovery of the forward gaze angle (h). Postoperatively
he used a SOMI brace for 8 weeks
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Fig. 9 (continued)
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Fig. 10 (continued)
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Fig. 10 A 51-year-old female admitted with severe cervicothoracic kyphosis. She has been diag-
nosed with ankylosing spondylitis for 15 years. She was unable to look at the faces of other people
when she was standing, and her chin was on her sternum with 1 cm distance between (a—c). She
had difficulty of swallowing due to compression of the esophagus by manubrium sterni (d, e). Also
she described abdominal pain due to xiphoid compression to the abdomen. We planned to perform
a two-stage surgery with posterior osteotomies on 7 levels, cervical and thoracic (e). The first stage
was performed in sitting position. The hardest part was intubation and could be performed with
fiber-optic bronchoscopy (f). Pedicle subtraction osteotomies were performed at T4, T6, T8, and
T11 levels (g), and pedicle screw fixation was performed (h). At the end of the first session, it was
possible to place fingers under the mandible (i). Two weeks later, the second stage of surgery was
performed with the patient on prone position (j) with osteotomies at C6—7, C7-T1, and T2-3 disc
levels. The previous rods were removed, and new rods were inserted from C6 to L3 (k). Significant
reduction was achieved by deflection of the head on Mayfield head holder (I). She stayed in inten-
sive care unit for 1 month and recovered well with significant deformity correction (m-r). Block 1
(a— ¢, 0, p, r) Pre- and postoperative photographs of the patient. Block 2 (d, e, m, n) Pre- and
postoperative direct radiograms and sagittal MR. Block 3 (f-i) Stage 1 surgery, thoracic osteoto-
mies. Block 4 (j-1) Stage 2 surgery, cervicothoracic osteotomies
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Fig. 10 (continued)
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Fig. 10 (continued)
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Fig. 10 (continued)
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Fig. 10 (continued)
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Conclusion

Surgical management of kyphosis needs consideration of different aspects of the
kyphotic deformity such as neurological status, the presence of spinal cord com-
pression, angle of the kyphosis, the quality of bone, and accompanying diseases. In
case of significant cord compression and neurological compromise, anterior should
have the priority.

However, in smooth-angled kyphosis and ankylosing spondylitis patients, defor-
mity can easily be reduced by a posterior-only approach. Since they have no neuro-
logical deficits, and large spinal canal, most suitable patients for pedicle subtraction
osteotomy are the patients with ankylosing spondylitis.

In lumbar kyphosis one-level pedicle subtraction osteotomy (especially at L2 or
L3 levels), in thoracic kyphosis multilevel osteotomies, and in cervicothoracic
kyphosis an osteotomy at C7-T1 level should be preferred.

Pedicle subtraction osteotomy is a technically demanding procedure that requires
surgeons to exercise caution to achieve satisfactory results while avoiding compli-
cations. An attempt to correct the rigid fixed spinal deformity in ankylosing spon-
dylitis is not an easy task and requires the capability of a highly experienced spine
surgeon. Although the physical outcome of surgical treatment is beneficial, risks
and complications exist that demand awareness by both the physician and patient.
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