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Abstract

BACKGROUND: Global sagittal malalignment is significantly correlated with
health-related quality-of-life scores in the setting of spinal deformity. In order to
address rigid deformity patterns, the use of spinal osteotomies has seen a
substantial increase. Unfortunately, variations of established techniques and
hybrid combinations of osteotomies have made comparisons of outcomes
difficult.

OBJECTIVE: To propose a classification system of anatomically-based spinal
osteotomies and provide a common language among spine specialists.

METHODS: The proposed classification system is based on 6 anatomic grades
of resection (1 through 6) corresponding to the extent of bone resection and
increasing degree of destabilizing potential. In addition, a surgical approach
modifier is added (posterior approach or combined anterior and posterior
approaches). Reliability of the classification system was evaluated by an



analysis of 16 clinical cases, rated 2 times by 8 different readers, and
calculation of Fleiss kappa coefficients.

RESULTS: Intraobserver reliability was classified as “almost perfect”; Fleiss
kappa coefficient averaged 0.96 (range, 0.92-1.0) for resection type and 0.90
(0.71-1.0) for the approach modifier. Results from the interobserver reliability
for the classification were 0.96 for resection type and 0.88 for the approach
modifier.

CONCLUSION: This proposed anatomically based classification system
provides a consistent description of the various osteotomies performed in
spinal deformity correction surgery. The reliability study confirmed that the
classification is simple and consistent. Further development of its use will
provide a common frame for osteotomy assessment and permit comparative
analysis of different treatments.

ABBREVIATIONS: P, posterior approach
A/P, combined anterior and posterior approaches
PSO, pedicle subtraction osteotomy

It is now well established that sagittal and coronal plane spinal malalignment
have an impact on pain and disability in adults.1-3 In terms of surgical
treatment, spinal osteotomies are increasingly applied for cases refractory to
nonoperative care. Common pathologies that require such surgical approaches
include adult scoliosis, flat back syndrome, iatrogenic fixed sagittal imbalance,
kyphotic decompensation syndrome, and flat buttock. Among the realignment
techniques used for these conditions, common techniques described in the
literature include the Smith-Petersen osteotomy, Ponte osteotomy, pedicle
subtraction osteotomy, partial/total corpectomies, and vertebral column
resections.4-9

Although several spinal osteotomy techniques are commonly discussed and
reported in scientific publications, the variable use of terminology and
substantial variations of resections are commonly noted. For example, there
are several parallel names for the initially described osteotomy by Smith-
Petersens,s (opening wedge osteotomy, Chevron osteotomy, extension
osteotomy). In addition, the evolution of osteotomy techniques has led to
numerous procedures in which the difference is the degree of posterior
element resection (Briggs,10 polysegmental or Ponte osteotomiess,11),
surgical approach, or pertinent pathology treated (Ponte osteotomyso,11). This
variability in the application and description of osteotomy techniques lends
itself to substantial confusion and limitations in outcome analysis. For instance,
it is not uncommon for Smith-Petersen and Ponte osteotomies to be used
interchangeably, although the techniques are quite different. The comparison
of response to treatment and analysis of complications between studies is
markedly hampered if the interpretation of techniques is variable.

The struggle to standardize descriptions of techniques and interpretation of



operative methods is not new. ldeally, such challenges are simplified by
anatomically based approaches that offer a framework to group categories of
procedures into related groups. An example of organizing pathology, for
example, can be found in the Denis classification12 system that established a
“3-column” model—posterior, middle, anterior—to describe the complex
pattern of injuries to the spinal column. However, this classification, although
useful in anatomically describing destabilizing injury patterns to the spine, does
not sufficiently describe the surgically induced “destabilization” of the spine, but
offers a potential approach to grouping common osteotomy procedures.

Other areas of medicine have benefitted from classification systems such as
the Glasgow coma scale,13 and the revised trauma score,14 or more recently
the Tomita classification for spinal tumors,15 which includes consideration of
both the pattern of local vertebral tumor progression and the type of surgery
used to excise it.

Likewise, we argue that a systematic and anatomically based approach toward
spinal osteotomies is needed to facilitate communication by standardizing
reporting and outcomes from treatment for spinal deformity. The aim of this
study is to describe an anatomically based comprehensive classification of
spinal osteotomies and to establish the inter- and intra-rater reliability of this
new classification system.

PATIENTS AND METHODS
Description of the Classification

This proposed osteotomy classification of spinal osteotomies (Figure 1 and
Table 1) was designed to be anatomically based, graduated, and reasonably
comprehensive. The classification system does not attempt to describe the
indications, efficacy, or optimal surgical approaches of each procedure;
instead, it is focused on offering a common language for anatomic resections.
There are 6 proposed grades of resection (Figure 1) corresponding to different
anatomic bone resections that reflect increasing degrees of potential
destabilization. In addition, modifiers can be added to denote the surgical
approach(es) but not the column of the spine that was destabilized (modifier P
for posterior approach, modifier A/P for combined anterior and posterior
approaches).



Figure 1.

TABLE 1. Spinal Osteotomy Classification

Anatomic Resection Description Surgical Approach Modifiers

Grade 1 Partial facet joint Resection of the inferior facet and joint capsule at a given spinal level P (posterior approach only)

Grade 2 Complete facet joint Both superior and inferior facets at a given spinal segment are resected with P (posterior approach only) A/
complete ligamentum flavum removal; other posterior elements of the {anterior soft tissue release
vertebra including the lamina, and the spinous processes may also be resected combined with posterior resection)

Grade 3 Pedicle/partial body Partial wedge resection of a segment of the posterior vertebral body and P (posterior approach only) A/P (both)
a portion of the posterior vertebral elements with pedicles

Grade 4 Pedicle/partial body/disc Wider wedge resection through the vertebral body; includes a substantial P (posterior approach only) A/? (both)

portion of the posterior vertebral body, posterior elements with pedicles,
and includes resection of at least a portion of 1 endplate with the adjacent
intervertebral disc

Grade 5 Complete vertebra and discs  Complete removal of a vertebra and both adjacent discs {rib resection in the P (posterior approach only) A/P (both)
thoracic region)
Grade 6 Multiple vertebrae and discs Resection of more than one entire vertebra and adjacent discs. Grade 5 P (posterior approach only) A/P (both)

resection and additional adjacent vertebral resection

Table 1.

Grade 1: Partial Facet Joint Resection
Description

A grade 1 osteotomy (Figure 2) involves the resection of the inferior facet and
joint capsule at a given spinal level. This procedure has limited deformity
correction and is often applied to offer limited change in alignment and
potential for fusion through cartilage removal of the superior facet. Anterior
column mobility (nonfusion) is a prerequisite for performing a grade 1



osteotomy. Grade 1 osteotomies are done by using a posterior approach only
(modifier P).

Figure 2

Published Techniques Associated With a Grade 1 Osteotomy

An opening-wedge osteotomy, also known as the Smith-Petersen
osteotomy,6,8 has been described as involving multiple levels through
previously fused articular processes of L1, L2, and L3 and adjacent spinous
processes.i6 On average, 5° to 10° of correction can be achieved at each
level, but a lack of anterior column mobility can lead to vascular and
neurological sequelae.17 Other terms commonly used to describe this type of
osteotomy include the Chevron osteotomyi8 and the extension osteotomy,19
which were described thru unfused facets.

Grade 2: Complete Facet Joint Resection

Description

In a grade 2 osteotomy (Figure 3), both inferior and superior facets of an
articulation at a given spinal segment are resected, as well as the ligamentum
flavum; other posterior elements of the vertebra including the lamina, or the



spinous processes, may also be resected. Similar to grade 1, grade 2
osteotomies require preexisting anterior column mobility. Any osteotomies that
remove bone from the vertebral body are excluded from this grade. Grade 2
osteotomies are commonly done by using a posterior approach alone (modifier
P), but may also involve a combined anterior soft tissue (anterior longitudinal
ligament and/or disc) release and may be further denoted by the modifier A/P.

Figure 3

Published Techniques Associated With a Grade 2 Osteotomy

Grade 2 osteotomies reflect resection of bone beyond what was described by
Smith-Petersen. Briggs et alio described a procedure in which a single level
wedge is removed that included the articular processes and upper pedicles. In
the polysegmental osteotomy,20 bone is removed from the articular processes
and the interlaminar space adjacent to the articular processes. This is done at
multiple levels to create a gradual lordosis. The Ponte procedures, i1 is the
resection of multiple facets along with the resection of the spinous processes
and involves a substantial amount of bone and ligament resection to afford
deformity correction. These osteotomies are thus termed grade 2 resections.

Burgos et al21 described a procedure for pediatric thoracolumbar scoliosis
using an anterior thoracoscopic approach. The procedure involves anterior
release, discectomy, and fusion as well as concomitant posterior facet removal
and fusion, corresponding to a modifier A/P in this classification.

Grade 3: Pedicle and Partial Body Resection



Description

A grade 3 osteotomy (Figure 4) involves a partial wedge resection of the
posterior vertebral body and the posterior elements with pedicles. A portion of
the vertebral body and the discs above and below the level of the osteotomy
remain intact. Grade 3 osteotomies can be further described as involving only
a posterior approach (P) or combining approaches (A/P).

Figure 4

Published Techniques Associated With a Grade 3

The pedicle subtraction osteotomy (PSQO) technique7 has been described as a
wedge-shaped resection of the pedicles extending into the posterior and
middle portion of the vertebral body, following resection of both sets of articular
processes and detachment of the transverse processes. With this technique,
no anterior column lengthening is performed. According to Bridwell et al,18
between 25° and 35° of correction can be reasonably achieved at any given
level. Other terms applied to this osteotomy are the closing wedge
osteotomyie and the ftranspedicular wedge resection.a This group of
osteotomies falls within the category of grade 3P resection, because they are
conducted via a posterior only approach. Of note, a PSO that extends into
adjacent disc spaces would be termed a grade 4P resection (see later
description).

The circumferential wedge bone resection22 is another variant with a wedge-



shaped apical vertebral body bone resection in addition to apical laminectomy
and laminectomies of the vertebrae directly superior and inferior to the apex.
Apical facets and pedicles are removed completely. Farcy and Schwab23
described a similar resection, taking care to describe the process of removing
each pedicle and adding instrumentation 1 side at a time for stability. These
described variants are both grade 3 resections.

Similarly, the multilevel vertebral osteotomy described by Suh et al24 involves
facetectomies at all levels bilaterally with partial laminotomies at 1 or 2 levels
proximal and distal to the apex. Osteotomies are then performed through
laminectomy sites up to the anterior one-third of the vertebral body. Each
osteotomy is a grade 3P resection.

A closing opening wedge osteotomyie is a posterior approach that provides
more sagittal alignment correction than a PSO resection. The procedure
requires the resection of the posterior elements while initially preserving the
anterior, posterior, and lateral cortices of the vertebral body; the posterior
cortex is then pushed into the body, and the anterior and lateral cortices are
removed. This allows hinging to be over the posterior vertebral body rather
than the anterior cortex, resulting in greater correction. This procedure is
termed a grade 3P resection. A simultaneous anterior and posterior approach,
as described by Pascal-Moussellard et al,25 can be used to provide a similar
resection, but with greater anterior control. This procedure is used primarily for
revision surgery and would be classified as a grade 3A/P.

Grade 4: Pedicle, Partial Body and Disc Resection

Description

In a grade 4 osteotomy (Figure 5), a wider wedge resection through the
vertebral body is made than for a grade 3 and includes the posterior vertebral
body, posterior elements with pedicles, and sufficient body resection such that
an endplate and at least a portion of 1 adjacent disc (associated with a rib
resection in the thoracic region) is removed. A portion of the vertebral body at
the level of the osteotomy remains intact, but an anterior support may be
necessary in cases of marked shortening. Grade 4 osteotomies can be further
labeled as posterior release (P) or both (A/P).



Figure 5

Published Techniques Associated With a Grade 4

Scudese and Calabroze described a modified Smith-Petersen osteotomy with
additional removal of the superior disc and superior portion of body, leading to
less aortic or inferior vena cava obstruction secondary to stretching. This offers
an equivalent amount of destabilization and correction potential as a pedicle
subtraction osteotomy with disc resection described previously. These
osteotomies are classified a grade 4P resection.

The eggshell procedure, originally described by Heinig,27 was a technique that
did not involve the disk space and would therefore be classified as grade 3.
However, this procedure has been recently described2s for realignment
purposes with disc removal. Apical pedicles are decancellated, starting from
the lateral walls. The medial pedicle walls and posterior wall of the vertebral
body are preserved. After decancellation up through the adjacent disk space,
the preserved walls are removed, and the osteotomy is closed. This
osteotomy, which includes a disc removal, is a grade 4P resection.

Grade 5: Complete Vertebra and Discs Resection

Description

The grade 5 osteotomy (Figure 6) involves the complete removal of a vertebral
level and both adjacent discs and is associated with a rib resection in the



thoracic region. Because of anterior shortening, anterior support is frequently
applied. Grade 5 osteotomies can be performed by anterior and posterior
exposure to the spine and can thus be further defined as A/P, but are most
commonly approached through posterior approaches only (modifier P) as
reported by Lenke29 and Suk et alzo

Figure 6

Published Techniques Associated With a Grade 5

Vertebral column resectionis involves the resection of one (grade 5) or more
(grade 6) vertebral segments including posterior elements, pedicles, vertebral
body, and discs cephalad and caudad to the apical vertebral body. This may
be done either through a combined anterior and posterior approach, or
posterior approach only.

Brodner et al31 described an anterior approach involving resection of the apical
vertebral body, as well as excision of the inferior and superior discs. The
posterior elements are completely removed. The resulting resection is the
same and can be labeled grade 5A/P.

Grade 6: Multiple Adjacent Vertebrae and Discs Resection

Description

In a grade 6 osteotomy (Figure 7), resection extends focally beyond the scope
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of a grade 5 resection. This type of osteotomy thus involves removal of several
adjacent vertebrae, at least 1 complete vertebral body and a partial or
complete second vertebra. Commonly, the osteotomy will involve multiple
complete vertebrae, some of which may be only partially developed (eg,
congenital malformation) or partially present (eg, infection/tumorous
destruction or remodeling). The surgical approach will most commonly involve
anterior and posterior approaches (modifier A/P) but a posterior-only approach
is possible (modifier P). Substantial coronal and sagittal plane correction can
be achieved with grade 6 osteotomies.

Figure 7

Published Techniques Associated With a Grade 6

Dubousset and Cotrelz2 described a procedure designed for children and
adolescents for 3-dimensional corrections of spinal deformities. The procedure
involves the removal of posterior elements and strategic decortication of
concave side and instrumentation followed by the decortication of the convex
side and instrumentation.

Dvorak et al33 described an anterior spinal reconstruction following traumatic
vertebral compression fractures in which multiple osteotomies are performed.
The vertebral endplates are preserved following resection of vertebral bodies;
a titanium mesh cylindrical cage is then installed and loosely filled with
morselized autogenous bone graft.

11



Classification Reliability

Based on the classification outlined above, a reliability study was conducted
with the use of 16 clinical cases (full-spine sagittal radiograph and portion of
operative note), and graded by 8 fellowship-trained spinal surgeons with a
practice focus on spinal deformity and working in different institutions. Two
weeks approximately after the first reading, the grading was repeated with
cases presented in a random order. Cases were selected to represent a wide
distribution of osteotomy classification grades.

With the use of a dedicated MATLAB (Mathworks Inc, Natick, Massachusetts)
program, interrater and intra-rater reliability measures were determined by
calculating Fleiss kappa values. Kappa values of 0.00 to 0.20 were considered
slight agreement, 0.21 to 0.40 fair agreement, 0.41 to 0.60 moderate
agreement, 0.61 to 0.80 substantial agreement, and 0.81 to 1.00 almost
perfect agreement.34

RESULTS

Case Sample

Sixteen radiographic images, in association with excerpts of the corresponding
operative notes, were compiled for assessment classification of resection type
and approach modifier. Clinical cases were chosen in order to represent a wide
range of situations and were classified as follows:

* Two cases were classified as grade 1 (modifier P)

* Three cases were classified as grade 2 (modifier P)

* Four cases were classified as grade 3 (2 modifier P and 2 A/P)
* Four cases were classified as grade 4 (2 modifier P and 2 A/P)
* Two cases were classified as grade 5 (modifier A/P)

* One case was classified as grade 6 (modifier A/P)

Intra-rater Reliability and Agreement

The intra-rater reliability of the resection grade and approach modifier was
“almost perfect” with a Fleiss kappa coefficient average of 0.96 (range, 0.92-
1.0) for the resection grade and 0.90 (range, 0.71-1.0) for the approach
modifier (Table 2).
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TABLE 2. Intra-rater Reliability—Fleiss Kappa Value for Resection
Grade and Approach Modifier for Each Reader Based on the Two
Readings

Resection Type Approach Modifier
Reader 1 0.92 1.00
Reader 2 0.92 0.71
Reader 3 1.00 1.00
Reader 4 1.00 0.73
Reader 5 0.92 1.00
Reader 6 1.00 1.00
Reader 7 1.00 0.87
Reader 8 0.92 0.87
Average 0.96 0.90

Table 2

The comparison of the 2 sets of readings revealed that the resection type was
graded consistently by each reader on average 96.8% of the time and the
approach modifier 95.3% of the time. In 87.8% of cases, the readers assigned
the same overall classification (grade + modifier) between readings.

Interrater Reliability and Agreement

The interrater reliability for the resection grade and modifier was assessed for
each reading. For resection grade, the Fleiss kappa coefficient improved from
0.94 to 0.98 from the first to the second readings. The kappa values for the
approach modifier improved from 0.86 to 0.90. As a whole, the interrater
reliability for the classification was 0.96 for resection grade and 0.88 for the
approach modifier (Table 3).

13



TABLE 3. Interrater Reliability—Fleiss Kappa Value for Resection
Grade and Approach Modifier Based on the Two Readings

Resection Type Approach Modifier
Reading 1 0.94 0.86
Reading 2 0.98 0.90
Average 0.96 0.88
Table 3
DISCUSSION

Based on recent outcomes-related research, sagittal plane correction is of
primary importance in the field of adult spinal deformity.2 Restoration of
satisfactory sagittal global alignment is increasingly a major surgical objective,
and thresholds of correction have been reported by Schwab et alzs as a pelvic
tilt <25°, a sagittal vertical axis <60 mm, and a harmony between pelvic
incidence and lumbar lordosis (defined by pelvic incidence minus lumbar
lordosis <10°). Continued evolution of our understanding of adult spinal
deformity management and the critical analysis of health-related quality-of-life
scores has led to an increase in the use of long fusions and posterior
osteotomies.

Over the past decades, a substantial number of spinal osteotomy techniques
have been described in the literature. In addition, variations of established
techniques are commonly performed. An emerging need has surfaced
regarding accurately describing anatomic resections performed in the setting of
spinal deformity correction by osteotomy. In the absence of an anatomically
based and standardized approach to osteotomies, the analysis of outcomes
and comparison of results through a common language between colleagues is
not feasible.

Any osteotomy of the spine performed with the goal of achieving improved
alignment involves some degree of resection, which can be viewed as a wedge
defined by the anatomic components and angle of resection. Changing these 2
parameters essentially determines the anatomic landmarks by which to define
the grades of a classification. This is true for grades 1 through 4 in the
proposed classification system, whereas grades 5 and 6 involve entire
vertebral segments.

This classification system based on spinal anatomy can describe most clinical
situations. The use of this classification system is consistent and reliable, as
demonstrated by the high agreement of readings in the reliability study.

14



However, there are some exceptional cases that do not fit as neatly into the
anatomic system proposed. LaChapellese described a case involving the
removal of facets as well as portions of other posterior elements. A wedge of
disc was also removed, while the vertebral body remained intact. Although this
case resulted in symptomatic relief, it is not commonly performed owing to a
lack of stability and minimal correction. The complete removal of the posterior
arch while leaving the vertebral body intact could eventually be associated to a
grade 2 but would not capture the posterior partial discectomy.

Majd et al37 described an anterior corpectomy for surgical reconstruction of the
vertebral body following traumatic compression injury. In this procedure,
resection of collapsed vertebral bodies and discs superior and inferior is
performed via a retroperitoneal approach. The lateral and posterior portions of
the vertebral body are preserved and anterior instrumentation is applied. By
definition, this partial vertebral body and disc resection does not fit the grade
4A/P because of the anterior nature of the approach. It must be noted,
however, that the resection is not wedge shaped as would be expected for
deformity correction.

Despite some of the limitations inherent in any classification system, the
proposed approach offers substantial advantages over current terminology. By
offering a graded scale of anatomic destabilization, variations in technique are
accounted for, yet comparative analysis is permitted. The addition of the
approach modifiers furthermore permits differentiation of surgical procedures
and is tied to case complexity as well as the risk for complications. It is hoped
that adoption of the proposed classification, as for the Lenke adolescent
idiopathic scoliosis classification,38 will enhance the ability to analyze collective
data sets by increasing consistency in the description of osteotomies and
comparative analysis of surgical outcomes.

CONCLUSION

The proposed comprehensive anatomic classification system of spinal
osteotomies, based on 6 resection grades and an approach modifier, provides
a consistent description of the various osteotomies performed in the field of
spinal deformity. Results of the reliability study revealed almost perfect intra-
and interrater agreement, confirming that this classification system is simple
and consistent. Further development of its use will provide a common
framework for osteotomy assessment and will permit comparative analysis of
different treatments for spinal deformity.
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COMMENTS

Given the recent interest and growth in spinal deformity surgery, this proposed
classification system is particularly relevant. The classification system is
logical, straightforward, and appears to have a high rate of intraobserver and
interobserver reliability, which are key components of a good classification
scheme. As the authors highlight, a classification system is needed to
accurately perform meaningful comparative analyses of various treatments for
adult spinal deformity.

Paul Park
Ann Arbor, Michigan

The authors have proposed a classification schema for surgical treatments
directed at managing adult spinal deformities. Because neurosurgeons have
been treating these disorders more frequently, the publication of their study is
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quite appropriate for Neurosurgery. The scheme was centered on the degree
of spinal destabilization created by using bony osteotomies. As such, they
proposed 6 grades of progressive bony resection. In brief, grades 1 to 2
involved facet joint resection, as seen with Smith-Peterson osteotomies;
grades 3 to 4 were 3-column osteotomies that were variants of a pedicle
subtraction osteotomy; and grades 5 to 6 were vertebral column resections.
Grades 2 to 6 could be approached from posterior or with a supplemental
anterior stage as well.

The authors then validated its ease of applicability and interrater agreement by
using 16 cases presented to 8 spinal surgeons. Overall, the degree of
agreement was excellent, with greater than 95% agreement between the
different surgeons. This finding is critical, because surgeon clinicians and
researchers must be able to easily “speak the same language.” Other previous
classification systems, such as the AO fracture classification scheme, have
been highly descriptive, yet unwieldy and difficult to apply in clinical practice.
This scheme does not appear to suffer from that problem. Furthermore, the
system can be applied to open vs minimally invasive surgery, focusing not on
the surgical technique but instead on the intended mechanical goal.

This study also has the potential to generate a deeper understanding of the
goals and techniques for spinal deformity surgery for the wider community of
neurosurgeons. Simply having the classification system at hand will prompt the
clinician to approach each case in a more structured and organized format. For
example, one can easily see that, by using such a system, factors such as the
degree of spinal stiffness and the degree of lordosis that must be introduced to
achieve sagittal plane balance can be approached almost algorithmically. |
suspect that future studies will examine the application of this grading scheme
in just such a manner and that radiographic data analysis software, such as
Scolisoft will be able to integrate the grading to assist with surgical planning.

In summary, the use of standardized classification system for spinal
osteotomies is a useful tool for the researcher or clinician to improve
understanding the disease states and our surgical remedies. This study is a
step in the right direction. The classification scheme was easy to understand
and use, and it has significant clinical relevance. | congratulate the authors on
their contribution to the field.

Michael Y. Wang
Miami, Florida
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