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REVIEW ARTICLE

Alphabet Soup: Sagittal Balance Correction Osteotomies of
the Spine—What Radiologists Should Know

ABSTRACT

T. Takahashi, “'D. Kainth, ““'S. Marette, and ““'D. Polly

O=

SUMMARY: Global sagittal malalignment has been demonstrated to have correlation with clinical symptoms and is a key component to

be restored in adult spinal deformity. In this article, various types of sagittal balance-correction osteotomies are reviewed primarily on the

basis of the 3 most commonly used procedures: Smith-Petersen osteotomy, pedicle subtraction osteotomy, and vertebral column

resection. Familiarity with the expected imaging appearance and commonly encountered complications seen on postoperative imaging

studies following correction osteotomies is crucial for accurate image interpretation.

ABBREVIATIONS: BDBO = bone-disc-bone osteotomy; PSO = pedicle subtraction osteotomy; SPO = Smith-Petersen osteotomy; SVA = sagittal vertical axis;

VCR = vertebral column resection

dult spinal deformity can be either the result of progression

of conditions present in childhood/adolescence or new onset
secondary to degenerative changes, which is known as de novo
degenerative scoliosis."” There are many conditions that can lead
to spinal deformity, including trauma, cancer, and osteoporosis
and congenital, postsurgical, and idiopathic causes. Scoliosis is
defined as =10° of coronal spinal curvature measured by the
Cobbs angle method.” In 2006, the Scoliosis Research Society
published an initial attempt to classify adult spinal deformity on
the basis of the King/Moe and Lenke classification systems®; how-
ever, both of these well-known classification systems were origi-
nally developed for adolescent idiopathic scoliosis, and applying
this system to adult spinal deformity was found to be suboptimal.
This is because the treatment of adult spinal deformity has been
shown to be driven by pain and disability in contrast to adolescent
idiopathic scoliosis, which is primarily driven by coronal/cos-
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metic deformity.” Surgical treatment of adolescent idiopathic sco-
liosis depends on the curve type and magnitude and is also af-
fected by the degree of progression, skeletal maturity, cosmesis,
and pain.® An operation is typically performed for primary curves
that have a Cobb angle of >45°.7® Surgeons vary in opinion re-
garding the levels to be fused within the general guidelines. These
levels will depend on the major curve, shoulder balance, amount
of correction desired, stiffness of the curve, side-bending radio-
graphs, and clinical examination.

In recent years, sagittal spinopelvic alignment has been shown
to correlate with a patient’s pain and disability and is a primary
determinant of health-related quality-of-life measures.” Surgical
treatment of a deformity can be beneficial in the appropriately
selected patient. Clinical improvement has been demonstrated in
studies in which sagittal imbalance was corrected.'®"'" The Scoli-
osis Research Society Adult Deformity Committee subsequently
developed a new classification system to address these pertinent
features of adult spinal deformity in 2012 based on the work of
Schwab et al”'*"** and Bess et al.'” This classification system has
shown excellent inter- and intrarater reliability on its validation
study.'® Spine surgeons obtain preoperative and postoperative
36-inch standing full spine radiographs in the adult patient to
primarily assess the following parameters: sagittal vertical axis
(SVA), pelvic incidence minus lumbar lordosis, pelvic tilt, and
coronal curve type.'*

Until very recently, spinopelvic alignment has not been em-
phasized in the radiology literature.'” Glassman et al'® suggested
that coronal balance correction is not as important as restoration
of sagittal balance. There are various surgical techniques to cor-
rect sagittal imbalance, including various types of osteotomies.
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Knowledge about these operations and how they appear on im-
aging is critical for radiologists interpreting spine imaging to op-
timally report the findings. The purpose of this article was to
summarize the 3 most widely used types of sagittal balance-cor-
rection osteotomies: Smith-Petersen osteotomy (SPO), pedicle
subtraction osteotomy (PSO), and vertebral column resection
(VCR), with an additional brief discussion of their derivatives or
related uncommon procedures.

Spinopelvic Measurements

SVA. Inthe Scoliosis Research Society—Schwab Spinal Deformity
Classification System evaluates global spinal alignment only in the
sagittal plane by using the sagittal vertical axis. This is a measure of
the horizontal distance between the C7 plumb line and the pos-
terosuperior corner of the S1 endplate. The C7 plumb line is a
vertical line drawn downward from the center of the C7 vertebral
body, parallel to the vertical edge of the film."” The distance is

FIG 1. Schematic (A) and radiographic measurement (B) of pelvic in-
cidence: an angle between a line drawn perpendicular to the middle
of the superior sacral endplate and a line joining from the center of
femoral heads to the center of the superior sacral endplate. Sche-
matic (C) and radiographic measurement (D) of pelvic tilt: an angle
measured between the lines connecting the center of the superior
endplate of S1to the center of femoral heads from its vertical per-
pendicular line.

Summary of sagittal balance-correction osteotomy

considered positive when the C7 plumb line is located anterior to
the posterosuperior corner of S1. In the pediatric population, the
SVA is considered abnormal in either the positive or negative
direction when it is >2 c¢m in absolute value. However, in adult
spinal deformity, only the positive direction is of clinical concern.
In this classification, the C7 plumb line is considered abnormal
when it is located anterior to the posterosuperior corner of the S1
vertebral body at >4 cm. It is classified as positive when between
4 and 9.5 cm and very positive if >9.5 cm.

Pelvic Incidence—Lumbar Lordosis Mismatch. Pelvic incidence is
an angle between a line drawn perpendicular to the middle of
the superior sacral endplate and a line joining from the center
of the femoral heads to the center of the superior sacral end-
plate (Fig 1). This is a measure of pelvic depth and is a patient-
specific parameter that determines the native sagittal contour.
In the Scoliosis Research Society classification, lumbar lordosis
is measured from the superior endplate of L1 to the superior
endplate of S1 using the Cobbs angle technique. When pelvic
incidence minus lumbar lordosis is =10°, a study has shown
that patients had a 10 times greater risk for undergoing revi-
sion surgery if such malalignment is maintained after alumbar
fusion operation.”’

Pelvic Tilt. Pelvic tilt is an angle measured between a line con-
necting the center of the superior endplate of S1 to the center of
the femoral heads, relative to a vertical perpendicular line (Fig 1).
This measure is used to assess pelvic version, typically retrover-
sion, which is a compensation mechanism to maintain spinal
alignment. The retroversion is manifested by an increase in the
pelvic tilt angle.

Sagittal Balance-Correction Osteotomies

The surgical correction technique of global positive sagittal bal-
ance can be considered as creation/restoration of more lordosis in
the spine. In advanced cases, attaining such a goal requires osteot-
omies of the vertebrae. The more parts of the vertebrae resected,
the more regional lordosis created (Table). There are various
named osteotomies: Smith-Petersen osteotomy, pedicle subtrac-
tion osteotomy, and vertebral column resection are the paradigms
of these procedures in order of increasing surgical complexity.”

Recently, Schwab et al*' proposed an anatomic-based spinal
osteotomy classification. This approach uses grade 1 through 6

based on how much bone is resected. In this classification, a

SPO/Ponte PSO Category VCR

Schwab grade Tand 2 3and 4 5and 6

Resection area Posterior element only Included part of vertebral body Entire vertebra

Indication Long, gradual, rounded kyphosis, eg, Sharp, focal kyphosis with fixed disc  Sharp, focal kyphosis at

Scheurmann kyphosis space, ie, SPO not applicable thoracic vertebra

Hemivertebra resection
Vertebral tumor resection

Need disc space mobility? Yes No No

Sharp angular kyphosis correction? No Yes Yes

Thoracic spine correction? No No Yes

Kyphotic curvature correction ~10°/level 30°-40°/level 45°-70°

Indicated SVA (cm) >6-8 cm but <10 cm (positive SVA) >10-12 cm (very positive SVA)

Mean neurologic/overall 21/40.4 9.1/38.5 14.3/39

complication rate (%)*
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FIG 2. A, Schematic rendering of an SPO. Osteotomy of the posterior element, including wide resection of the facet joint. B, A 52-year-old man
with a history of lumbar spinal fusion instrumentation at an outside institution who underwent sagittal correction surgery including an L3 PSO
(not shown) and a T12-L1SPO. This is a magnified image focusing on T12-L1 off the midline. The image demonstrates the T12 inferior articular facet
and the L1 superior articular facet resections (circle) in addition to ligamentum flavum resection and bone grafts that were placed.

90/710

FIG 3. A, Schematic rendering of PSO. This is a posterior closing wedge osteotomy with resection of the posterior column, both pedicles, and part of
the vertebral body. B, A 63-year-old man with prior postsurgical change of T12-L4 fusion instrumentation with very positive global sagittal imbalance
(SVA = 9.7 cm). C, The same patient after L3 PSO and fusion instrumentation extension both cranially and caudally. The SVA is now within normal limits
(2.0 cm). D, The same patient with a CT midsagittal bone window image demonstrating resection of the part of the L3 vertebral body extending to the
superior endplate (arrow) with closure osteotomy at L3, consistent with pedicle subtraction osteotomy. This should not be mistaken for a posterior
wedge compression fracture. E, A patient with a history of lumbar spinal fusion instrumentation, including complete intervertebral disc space fusion
across L4—L5, underwent an L4 PSO and subsequently developed a fracture through the L4 vertebral body subjacent to the superior endplate, with
resultant anterior subluxation of the superior fragment and L3 vertebral body relative to a dominant L4—L5 vertebral body fusion mass fragment.
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modifier may be added on the basis of the surgical approach
level beyond the destabilization, which is either posterior ap-
proach or combined anterior and posterior approach.

SPO and Like Procedures

This category encompasses Schwab classification of grades 1
and 2 osteotomy categories. Grades 1 and 2 refer to partial and
complete facet resection, respectively. The paradigm osteot-
omy under this category is the Smith-Petersen osteotomy.

SPO. SPO was originally described for correction of flexion de-
formity in rheumatoid arthritis, in which ankyloses of the articu-
lar process and the adjacent spinous processes were present.>”
SPO is also referred to as extension osteotomy.>” It is a posterior
column closing wedge osteotomy technique involving resection
of the lamina, posterior ligaments, and facet joints (Fig 2). The
osteotomy site is then closed by adjusting the operating table into
extension or compression on posterior spinal instrumentation,
resulting in posterior column shortening.

Polysegmental Osteotomy. Polysegmental osteotomy involves
removal of the superior and inferior articular processes and the
interlaminar space adjacent to the articular processes. This is per-
formed at multiple levels to create the necessary amount of lordo-
sis. The original SPO sometimes achieved its sagittal balance cor-
rection via destabilization of the anterior tension band, which
resulted in a risk of vascular and gastrointestinal complications.
Therefore, this technique was developed in an attempt to cause
less disruption of the anterior column than occurred from the

originally described Smith-Petersen osteotomy.>*

Ponte Procedure. The Ponte procedure refers to the resection of
multiple facets and spinous processes with posterior decompres-
sion along unfused regions of kyphotic deformity in Scheurmann
kyphosis.”>*® This technique is a more commonly used posterior
column osteotomy than the originally described SPO; however,
the name “SPO” has remained to describe a spectrum of posterior
column osteotomies categorized generally under the grade 2
group including the Ponte procedure.”” Thus, nomenclature con-
fusion can occur at times. In this article, SPO terminology also
refers to the Ponte procedure as in other literature.

In SPO, a mobile anterior disc is required for correction. SPO
is generally considered when the sagittal vertical axis is 6—8 cm
positive.”” SPO is especially suitable for long, gradual, rounded
kyphosis—that is, Scheurmann kyphosis. SPO can achieve 5°-10°
of lordosis per level of correction.”® It is estimated that for every 1
mm of facet resection, 1° of correction is obtained.

The benefit of SPO is that it is technically easier and safer than
higher grade osteotomies. For a comparable degree of correction,
3-level SPO resulted in roughly half the blood loss compared with
single-level PSO.”” The disadvantage of SPO is that it provides
fewer sagittal plane corrections than higher level osteotomies and
may create coronal decompensation in contrast to other sagittal
balance-correction osteotomies. SPO is also not suitable for sharp
angular kyphosis correction. Because SPO uses the disc space as a
fulcrum, this technique is inapplicable when the disc space lacks
flexibility.

FIG 4. A, BDBO type 1. This osteotomy involves the resection of the
inferior portion of the target vertebra, along with the disc and supe-
rior endplate below it. B, BDBO type 2, also known as extended PSO.
This osteotomy extends PSO cranially to involve the disc and inferior
endplate of the vertebra above it. C, BDBO type 3. Closing wedge
osteotomies are performed at levels both above and below the tar-
geted disc level, with the osteotomy extending to just inferior to the
transverse processes of the both levels. D, Lateral view plain radio-
graph demonstrates an extended PSO (BDBO type 2) at L4 where the
PSO extends into the posterior two-thirds of the superior endplate.

FIG 5. A patient with prior fusion instrumentation from L2 to the
sacrum who underwent 2-level transforaminal lumbar intervertebral
fusion at L3-L4 and L4—L5. There was inadvertent intraoperative an-
terior longitudinal ligament disruption at L5-S1. This essentially re-
sulted in an anterior opening osteotomy effect along with a Smith-
Petersen osteotomy posterior closing osteotomy (ie, X-osteotomy).
There is an unintentional anteriorly extruded intervertebral disc graft
at this level (arrow).
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FIG 6. A, Schematic drawing of single-level VCR. The entire vertebral body is resected. B, A
61-year-old man with postoperative discitis/osteomyelitis with a very positive SVA (>18 cm). C,
The same patient underwent 2-level (L1 and L2) VCR with extension of posterior fusion

instrumentation.

PSO and Like Procedures

In the grade 3 category of the Schwab classification, the osteotomy
involves part of the posterior vertebral body and posterior ele-
ments, including the pedicles. The paradigmatic procedure of this
category is a pedicle subtraction osteotomy.

PSO. In 1985, the pedicle subtraction osteotomy was described
by Thomasen.?® It was originally described for the treatment of
disabling kyphosis in patients with ankylosing spondylitis. PSO is
a posterior wedge-type osteotomy with resection of the posterior
column, both pedicles, and part of the vertebral body, followed by
closure osteotomy (Fig 3). In PSO, the anterior cortex is used as a
hinge. Therefore, PSO is typically used for patients with sharp or
angular kyphosis as well as at levels lacking anterior flexibility
where SPO is inapplicable.>*! Analogous to the SPO, the PSO
has been also referred to by various alternatives, including closing
wedge osteotomy, eggshell osteotomy, and transpedicular wedge
procedure.”®

On imaging, PSO may be mistaken for a posterior wedge
compression fracture if one is not aware of this type of surgery.
PSO is generally indicated for correction of SVAs of >10-12
cm, and it can provide 30°-40° of lordosis correction on aver-
age.”"?? In this technique, along with pedicle screw posterior
fixation, wide laminectomies are performed at adjacent levels
to protect the exiting nerve roots. Interbody fusion at levels
above and below the osteotomy may be performed to avoid
pseudoarthrosis.

PSO provides the main advantage of more effective focal ky-
phosis correction than SPO, a mean correction of 32.6° per level of
PSO in contrast to 10.2° per level of SPO.?*> The mean neurologic
complication rate is higher than that of SPO: 9.1% in PSO versus
2.1% in SPO.>

Bone-Disc-Bone Osteotomy.
Schwab classification, surgical resection extends to involve a disc

In the grade 4 category of the

and its adjacent endplates. Extended PSO is a type of bone-disc-
bone osteotomy (BDBO), which is categorized under this grade.
There are 3 types of BDBO, with lordosis correction ranging from
35° to 60° (Fig 4).>> In type 1, the inferior portion of the target
vertebra, along with the disc and superior endplate below it, is
involved. In type 2 or extended PSO, PSO is extended to involve
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the disc and inferior endplate of the ver-
tebra above it. In type 3, closing wedge
osteotomies are performed at levels both
above and below the targeted disc level,
with the osteotomy extending to just in-
ferior to the transverse processes of both
levels.”

BDBO is performed when there is se-
vere sagittal imbalance, with the apex or
center of the rotational axis located at
the disc space. Advantages of BDBO in-
clude a higher degree of lordosis correc-
tion beyond what SPO can provide and a
decreased pseudoarthorosis rate com-
pared with SPO. The disadvantage of
BDBO is that it can create a focal angular
hyperlordosis, sometimes resulting in
symptomatic spinal stenosis.

X-Osteotomy/Closing-Opening Wedge Osteotomy. Another
special form of pedicle subtraction osteotomy, which is not explicitly
defined as a part of the Schwab classification, is the X—osteo'[omy.34
This involves posterior column closing and anterior column open-
ing; hence, it is also referred to as closing-opening wedge osteotomy.
Park et al*” refer to this procedure as “fish-mouth PSO,” which helps
understand this procedure as indeed an extension/variation of the
PSO. Closing-opening wedge osteotomy starts out as closing wedge
osteotomy (ie, PSO, but in addition, the anterior wall of the vertebral
body is fractured using an osteotome; Fig 5). It hinges on the middle
column of the spine closing posteriorly and wedging open anteriorly,
leaving an anterior column deficit, as opposed to a VCR, in which the
anterior deficit is typically filled with a cage or a structural graft. PSO
has a limitation due to the anatomy and morphology of the anterior
cortex of the vertebral body of the apex potentially restricting the
amount of attainable single-level PSO angle correction. Closing-
opening wedge osteotomy may be an option in place of 2-level PSO
in such situations.

VCR. Vertebral column resection is often used in vertebral tumor
resection; however, this technique is also a form of the most extensive
type of osteotomy. VCR can achieve correction of kyphotic and cor-
onal curves, in the range of 45°-70°, depending on the case and the
degree of correction required.”*® Posterior VCR is primarily used in
the thoracic and thoracolumbar spine for the treatment of sharp,
angular kyphotic deformity in sagittal spinal-balance correction.”” In
VCR, =1 vertebral segment is entirely resected, including the poste-
rior elements, entire vertebral body, and the adjacent discs. In the
Schwab classification system, grade 5 refers to single-level VCR and
grade 6 refers to =2 levels of VCR (Fig 6).

The major risk of VCR is the potential for neurologic compli-
cations, either from direct injury during the operation or second-
ary to subsequent subluxation of the spinal column. The mean
neurologic complication rate is 14.3%.>* This is used only in ex-
treme cases when there is not a good alternative.

CONCLUSIONS
Global sagittal balance correction has shown correlation with
positive clinical outcome. Some of these correction techniques, in



particular osteotomies, may appear as posterior wedge compres-

sion fractures if one is not aware of the surgical techniques. Hence,

it is crucial for radiologists who read spine imaging to be familiar

with these techniques and how these postoperative changes ap-

pear on imaging.
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