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Object. Cervical spine osteotomies are powerful techniques to correct rigid cervical spine deformity. Many variations
exist, however, and there is no current standardized system with which to describe and classify cervical osteotomies. This
complicates the ability to compare outcomes across procedures and studies. The authors’ objective was to establish a univer-
sal nomenclature for cervical spine osteotomies to provide a common language among spine surgeons.

Methods. A proposed nomenclature with 7 anatomical grades of increasing extent of bone/soft tissue resection and de-
stabilization was designed. The highest grade of resection is termed the major osteotomy, and an approach modifier is used
to denote the surgical approach(es), including anterior (A), posterior (P), anterior-posterior (AP), posterior-anterior (PA),
anterior-posterior-anterior (APA), and posterior-anterior-posterior (PAP). For cases in which multiple grades of osteotomies
were performed, the highest grade is termed the major osteotomy, and lower-grade osteotomies are termed minor osteoto-
mies. The nomenclature was evaluated by 11 reviewers through 25 different radiographic clinical cases. The review was
performed twice, separated by a minimum 1-week interval. Reliability was assessed using Fleiss kappa coefficients.

Results. The average intrarater reliability was classified as “almost perfect agreement” for the major osteotomy (0.89
[range 0.60—1.00]) and approach modifier (0.99 [0.95-1.00]); it was classified as “moderate agreement” for the minor oste-
otomy (0.73 [range 0.41-1.00]). The average interrater reliability for the 2 readings was the following: major osteotomy, 0.87
(“almost perfect agreement”); approach modifier, 0.99 (“almost perfect agreement”); and minor osteotomy, 0.55 (“moderate
agreement”). Analysis of only major osteotomy plus approach modifier yielded a classification that was “almost perfect” with
an average intrarater reliability of 0.90 (0.63—1.00) and an interrater reliability of 0.88 and 0.86 for the two reviews.

Conclusions. The proposed cervical spine osteotomy nomenclature provides the surgeon with a simple, standard de-
scription of the various cervical osteotomies. The reliability analysis demonstrated that this system is consistent and directly
applicable. Future work will evaluate the relationship between this system and health-related quality of life metrics.
(http://thejns.org/doi/abs/10.3171/2013.5.SPINE121067)
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impact on patient quality of life, there exists no

comprehensive classification system to serve as the
basis of communication among physicians and to facilitate
effective clinical and radiographic study of patients with
these deformities. Without a standardized classification
system, studies of CSD may suffer from heterogeneity that
compromises the study findings and negatively impacts

DESPITE the complexity of CSD and the substantial

Abbreviation used in this paper: CSD = cervical spine deformity.
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communication of the results. Other spinal conditions,
including adult and pediatric scoliosis, spondylolisthesis,
and trauma have benefitted substantially from standard-
ized classification systems (F Schwab, B Blondel, E Chay,
et al., unpublished data, 2012) 22282948 An established and
validated classification system for CSD could prove fun-
damentally valuable to future study of this condition.

This article contains some figures that are displayed in color
online but in black-and-white in the print edition.
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There are several important preliminary steps that
should be completed prior to developing a useful defor-
mity classification based upon disability drivers and out-
comes. Primary among these is the development of an
agreed-upon nomenclature in this process to allow direct
outcome comparisons among clearly defined techniques.
The primary techniques for correction of rigid CSDs are
Osteotomies’l,3,7,9,12,14.20,31,32,34,35,39,40,51,56,59,61,62 Wthh haVe
many variations and lack a standardized nomenclature.
As a first step toward the long-term goal of developing a
cervical deformity classification system, our objective in
the present study was to establish a standardized nomen-
clature for cervical spine osteotomies to provide a com-
mon language among spine surgeons.

Methods

Institutional review board approval for the study was
obtained through the University of California, San Fran-
cisco.

Description of the Nomenclature System

The proposed cervical osteotomy nomenclature
(Table 1, Fig. 1) was developed with the goals of being
anatomically based, graduated in degree of resection,
and reasonably comprehensive. The system was devel-
oped and optimized by group consensus after discussion
of case examples. This nomenclature is not intended to
describe indications for surgery or to assist in determi-
nation of optimal surgical approaches. Instead, it should
be viewed as providing a common language to more ef-
fectively and objectively communicate anatomical resec-
tions. There are 7 proposed anatomical grades of resec-
tion (Fig. 1), representing progressive degrees of potential
destabilization. Since procedures for a given case may in-
volve combinations of resection types, the highest grade
of osteotomy performed is designated as the “major os-
teotomy,” while other lower grades of osteotomies per-
formed are designated as “minor osteotomies.” In addi-

TABLE 1: Description of cervical osteotomy nomenclature*

C.P. Ames et al.

tion, modifiers are included in the system to designate the
surgical approach(es) (anterior [A], posterior [P], anterior-
posterior [AP], posterior-anterior [PA], anterior-posterior-
anterior [APA], and posterior-anterior-posterior [PAP]).

Grade 1: Partial Facet Joint Resection

A Grade 1 osteotomy (Fig. 2) includes a partial facet
joint resection. This may be achieved through an anterior
approach that includes a discectomy and partial uncover-
tebral joint resection, or through a posterior approach that
includes facet capsule resection or partial facet resection.
Although this procedure has limited capacity for defor-
mity correction, it may be applied over multiple levels to
cumulatively assist in correcting alignment, and, when
applied posteriorly, it offers the potential to promote fu-
sion through cartilage removal from the facet surface.
Whether performed anteriorly or posteriorly, Grade 1
osteotomies require mobility (nonfusion) of the opposite
column (posterior or anterior, respectively) to achieve
the desired alignment change. Grade 1 osteotomies may
be performed through anterior or posterior approaches
(Modifiers A or P) or through combinations of both ap-
proaches (that is, AP, PA, APA, or PAP).

Since Grade 1 osteotomies are most commonly per-
formed in combination with other osteotomies and re-
lease techniques,’” few reports have detailed their isolat-
ed application for cervical deformity correction. Poulter
et al. reported the successful treatment of severe cervical
hyperextension disorder through release of the posterior
cervical musculature, multilevel posterior Grade 1 oste-
otomies, and fixation in a halo collar after bringing the
head into a neutral position.*?

Grade 2: Complete Facet Joint Resection/Ponte Osteotonty

A Grade 2 osteotomy involves resection of both su-
perior and inferior facets at a given spinal segment (Fig.
3). Other soft-tissue and bony elements may also be re-
sected, including the ligamentum flavum, lamina, and

Osteotomy
Grade Resection Description Surgical Approach
1 partial facet joint resection anterior cervical discectomy including partial uncovertebral joint resection, A, P, AP, PA, APA, PAP
posterior facet capsule resection, or partial facet resection
2 complete facet joint/Ponte 0os-  both superior & inferior facets at a given segment are resected; other poste- P, AP, PA, APA, PAP
teotomy rior elements of vertebra including lamina & spinous processes may also
be resected
g partial or complete corpectomy  partial or complete corpectomy, including discs above & below A, AP, PA, APA, PAP
4 complete uncovertebral joint re-  anterior osteotomy through lat body & uncovertebral joints & into transverse A, PA, AP, APA, PAP
section to transverse foramen  foramen
5 opening wedge osteotomy complete posterior element resection w/ osteoclastic fracture & open wedge P, PA, AP, APA, PAP
creation
6 closing wedge osteotomy complete posterior element resection & pedicle resection w/ closing wedge P, PA, AP, APA, PAP
creation
7 complete vertebral column re-  resection of 1 or more entire vertebral bodies & discs including complete AP, PA, APA, PAP

section uncovertebral joint & posterior lamina and facets

* A = anterior; AP = anterior-posterior; APA = anterior-posterior-anterior; P = posterior; PA = posterior-anterior; PAP = posterior-anterior-posterior.
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Cervical osteotomy nomenclature

Grade-2 Grade-3 Grade-4

Grade-1 Grade-5 Grade-6 Grade-7

Fie. 1. lllustrations representing the cervical osteotomy nomenclature, which includes 7 grades of resection for progressive
degrees of potential destabilization. See text for further description of each grade.

A B

Grade-1

Fie. 2. A: Grade 1 osteotomy, partial facet joint resection. B: Preoperative and postoperative radiographs of a patient
treated with a 3-stage procedure. Stage 1 entailed partial facet resections from C-5 to T-1, C6-T1 laminectomies, and posterior
segmental instrumentation and fusion from C-5 to T-2. Stage 2 involved an anterior cervical discectomy and fusion with plating
from C-5 to T-2. Stage 3 necessitated placement of rods, final posterior correction, and posterior spinal fusion from C-5 to T-2.
The classification for this case is 1PAP (with no minor osteotomies).

- ~
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Grade-2

C.P. Ames et al.

Fic. 3. A: Grade 2 osteotomy, complete facet joint/Ponte osteotomy. B: Preoperative and postoperative radiographs of a
patient treated with multilevel complete facet resection and posterior segmental instrumentation and fusion from C2-T2. The

classification for this case is 2P (with no minor osteotomies).

spinous process; however, osteotomies that include any
resection of the vertebral body are not included in this
grade category. Similar to Grade 1 osteotomies, Grade 2
osteotomies require at least some degree of anterior col-
umn mobility. Grade 2 osteotomies are often performed
at multiple levels to facilitate a greater magnitude of de-
formity correction. A posterior approach (Modifier P)
is used for Grade 2 osteotomies, but these may be per-
formed in combination with an anterior soft-tissue release
(Modifiers AP, PA, APA, or PAP).

Numerous previous reports have described osteotomy
techniques for the lumbar spine that are commonly ap-
plied in an analogous fashion to the cervical spine,'!7-3640
and several of these would be classified within the Grade
2 osteotomy category. These include the Smith-Petersen
osteotomy,>* which involves wide resection of the poste-
rior elements, including the lamina and bilateral facets,
and, as initially described, was applied to multiple lev-
els through previously fused facets in upper levels of the
lumbar spine.** Osteotomies similar to the Smith-Peter-
sen osteotomy but through unfused articular processes
have been described, including the Chevron osteotomy*
and the extension osteotomy.* Similarly, for polysegmen-

Grade-3

tal** and Ponte!? osteotomies, bone is removed from the
articular processes and the interlaminar space to achieve
deformity correction. These osteotomies would also be
categorized as Grade 2 resections.

Grade 3: Partial or Complete Corpectomy

A Grade 3 osteotomy includes partial or complete re-
section of a vertebral body, including the adjacent discs
(Fig. 4). Grade 3 osteotomies cannot only enable substan-
tial release and correction of deformity, but may also fa-
cilitate decompression of the spinal canal and foramina.
Mobility of the posterior elements is necessary to achieve
optimal deformity correction with a Grade 3 osteotomy.
A custom-cut fibular strut allograft spacer or expandable
cage is typically placed in the corpectomy defect to pro-
vide structural support and to facilitate arthrodesis.** An
anterior approach (Modifier A) is used for Grade 3 oste-
otomies, but these may be performed in combination with
a posterior release (Modifiers AP, PA, APA, or PAP).

Multiple reports have described the use of Grade 3
osteotomies for correction of a cervical deformity.37-3940:56
Among the largest series is that of Nottmeier et al.,* in
which 41 patients with kyphotic deformity underwent

Fic. 4. A: Grade 3 osteotomy, partial or complete corpectomy.  B: Preoperative and postoperative radiographs of a patient
treated with a 3-stage procedure. Stage 1 entailed complete facet resection from C-4 to T-4, posterior segmental instrumentation
from C-1 to T-6, and foraminotomies at C-2 to C-3 and C7-T1. Stage 2 involved C-4 corpectomy and anterior cervical discectomy
and fusion with plating from C-3 to C-7. Stage 3 necessitated posterior rod placement, final correction, and fusion from C-1 to
T-6. The classification for this case is 3PAP (with Grade 2 minor osteotomies).
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Cervical osteotomy nomenclature

combined anterior and posterior reconstruction, includ-
ing one or more Grade 3 osteotomies in approximately
one-half of the cases.

Grade 4: Complete Uncovertebral Joint Resection to the
Transverse Foramen

A Grade 4 osteotomy includes an anterior bony re-
section through the lateral body and uncovertebral joints
and into the transverse foramen (Fig. 5). Grade 4 osteoto-
mies can be particularly helpful for deformity correction
in patients with a completely ankylosed anterior column.
A Grade 4 osteotomy contrasts with an anterior Grade 1
osteotomy in that Grade 1 osteotomy involves only par-
tial uncovertebral joint resection; a Grade 4 osteotomy
includes lateral extension across the uncovertebral joints
and into the transverse foramen. This may include skel-
etonization of the vertebral arteries bilaterally as a means
of minimizing the risk of arterial kinking, especially
at the apex in cases of severe kyphosis. An anterior ap-
proach (Modifier A) is used for Grade 4 osteotomies, but
these may be performed in combination with a posterior
release (Modifiers AP, PA, APA, or PAP).

O’Shaughnessy et al. reported a series of 16 patients
who were surgically treated for fixed cervical kyphosis
with myelopathy.*® All of the patients underwent both an-
terior and posterior surgical procedures, and the authors
described the frequent application of combinations of an-
terior Grade 1 and Grade 4 osteotomies to achieve release
of the ankylosed anterior column.

Grade 5: Opening Wedge Osteotomy

A Grade 5 osteotomy includes complete resection of
the posterior elements, including lamina, spinous process,
and facets, followed by osteoclastic fracture and creation
of an anterior wedge in the anterior column as in cases
with ankylosing spondylitis (Fig. 6). Typically, the Grade
5 osteotomy includes removal of the inferior lamina of
C-6, the entire C-7 lamina, and the superior portion of
the T-1 lamina. The C-8 nerve roots are generously de-
compressed to prevent compression on closure of the os-
teotomy. This osteotomy type has a fulcrum of rotation
in the middle column, with lengthening of the anterior
column and shortening of the spinal column. A posterior
approach (Modifier P) is used for Grade 5 osteotomies,
but these may be performed in combination with an ante-
rior release (Modifiers AP, PA, APA, or PAP).

The Grade 5 osteotomy for correction of cervical de-
formity was first reported in 1953 by Mason et al., who
established the importance of performing this osteotomy
at the cervicothoracic junction, below the entrance of the
vertebral arteries into the transverse foramen at the C-6
vertebra.’! Urist subsequently reported the same surgical
technique in 1958, with the use of a local anesthetic in a
seated, awake patient.%' Multiple modifications to the tech-
nique of Urist have been reported subsequently.?-32:35:505161
Several series of patients with cervical deformity treated
with a Grade 5 osteotomy have been reported.!!!3234.35.50.51

Grade 6: Closing Wedge Osteotomy

A Grade 6 osteotomy involves complete removal of

J Neurosurg: Spine / Volume 19 / September 2013

Fic. 5. A: Grade 4 osteotomy, complete uncovertebral joint resec-
tion to transverse foramen.  B: Preoperative and postoperative radio-
graphs of a patient treated with a 3-stage procedure. Stage 1 entailed
posterior instrumentation removal, exploration of fusion, C3-7 lami-
nectomy, complete facet resections from C-3 to C-5, and segmental
instrumentation from C-2 to T-1. Stage 2 involved removal of anterior
instrumentation, multilevel discectomy and osteotomy through the un-
covertebral joints to the transverse foramen, and plating from C-3 to
C-7. Stage 3 necessitated posterior rod placement, final correction, and
fusion from C-2 to T-1. The classification for this case is 4PAP (with
Grade 2 minor osteotomies).

the posterior elements, including the lamina, spinous pro-
cess, and facets, followed by removal of the pedicles and
creation of a closing wedge in the vertebral body (Fig. 7).
This osteotomy is typically performed at the cervicotho-
racic junction (C-7 or T-1) below the entrance of the ver-
tebral arteries into the transverse foramen at the C-6 ver-
tebra. Some authors favor performing this osteotomy at
C-7 rather than T-1 to avoid the necessity of deep dissec-
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Fic. 6. A: Grade 5 osteotomy, opening wedge osteotomy. B:
Preoperative and postoperative radiographs of a patient treated with
posterior segmental instrumentation from C-4 to T-5, C6-T1 laminec-
tomy, opening wedge osteotomy at C-7, rod placement, and reduction
of deformity. The classification for this case is 5P (with no minor oste-
otomies).

tion for T-1 rib removal, which can be difficult® A clos-
ing wedge osteotomy (Grade 6) contrasts with an opening
wedge osteotomy (Grade 5) in that the Grade 5 osteotomy
produces an elongation of the anterior column, which has
been associated with serious vascular and neurological
complications, and stretching of the trachea and esopha-
gus.1032 At least in theory, the Grade 6 osteotomy may
be safer than the Grade 5 osteotomy because the former
does not result in stretching of the anterior structures.” A
posterior approach (Modifier P) is used for Grade 6 oste-
otomies, but these may be performed in combination with
an anterior release (Modifiers AP, PA, APA, or PAP).
The cervical Grade 6 osteotomy is closely analo-
gous to the posterior decancellation osteotomy other-
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Fic. 7. A: Grade 6 osteotomy, closing wedge osteotomy.  B: Preop-
erative and postoperative radiographs of a patient treated with posterior
segmental instrumentation from C-2 to T-4, laminectomy from C-2 to
T-1, pedicle subtraction osteotomy at C-7, and Smith-Petersen osteoto-
mies at C6—7 and C7-T1. The classification for this case is 6P (with
Grade 2 minor osteotomies).

wise known as the “eggshell” procedure or pedicle sub-
traction osteotomy, which has been applied extensively
in the thoracolumbar spine for correction of deformi-
ty.2:56.14.24.25.33,3849.52.53 Several authors have reported on
their experiences with Grade 6 osteotomies for correction
of cervical deformity,’2!3743-5962 with the largest series to
date from Deviren et al.’

Grade 7: Complete Vertebral Column Resection

A Grade 7 osteotomy includes complete resection of
one or more entire vertebral bodies, including the adjacent
discs, the complete uncovertebral joint, posterior lamina,
and facets (Fig. 8). This osteotomy is achieved through
combined approaches (Modifiers AP, PA, APA, or PAP)
and typically includes placement of anterior column sup-
port that may include custom-cut fibular allograft or an
expandable cage. Likely due to the complexity and risk
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Cervical osteotomy nomenclature

Grade-7

Fic. 8. A: Grade 7 osteotomy, complete vertebral column resec-
tion. B: Preoperative and postoperative radiographs of a patient
treated with a 2-stage procedure. Stage 1 involved anterior removal
of instrumentation, corpectomy through the uncovertebral joints to the
transverse foramen bilaterally, and anterior fusion with cages placed
from C-2 to C-6. Stage 2 entailed posterior removal of instrumentation,
spinal fusion with instrumentation from the occiput to T-2, and posterior
laminectomy and complete facet resection at C-3 to C-4. The classifica-
tion for this case is 7AP (with no minor osteotomies).

of Grade 7 osteotomies, as well as the relatively limited
indications, few reports of these osteotomies exist.!01115:17

Nomenclature Reliability

Based on the proposed nomenclature, a reliability
study was performed using 25 clinical cases that were
graded by 11 readers with expertise in CSD diagnosis
and treatment. The readers were experienced cervical
and thoracolumbar deformity surgeons and members of
a large multicenter deformity study group. Cases were se-

J Neurosurg: Spine / Volume 19 / September 2013

lected to be representative of all osteotomy grades. Read-
ers were provided with pre- and postoperative cervical
radiographs and portions of the operative notes and were
instructed to identify the major osteotomy (the highest-
grade osteotomy performed), any minor osteotomies (0s-
teotomies of lower grades than the major osteotomy) that
may have been performed, and the approach modifier for
the entire case (A, P, AP, PA, APA, or PAP). The radio-
graphic and textual descriptions provided were intended
to simulate a chart review, which would expectedly in-
clude operative reports and radiographs. A minimum of
1 week following the first reading, the case order was
randomized and the cases were re-sent for repeat grad-
ing. Most assessments were received back for scoring be-
tween 10-21 days after being sent to the reviewers.

A dedicated MATLAB (Mathworks) program was
used to assess interrater and intrarater reliability mea-
sures based on calculations of the Fleiss kappa coef-
ficient values. Kappa values were classified as follows:
0.00-0.20 (slight agreement), 0.21-0.40 (fair agreement),
0.41-0.60 (moderate agreement), 0.61-0.80 (substantial
agreement), and 0.81-1.00 (almost perfect agreement).?

Results
Case Sample

Twenty-five cases of CSD, with pre- and postoperative
radiographic images and excerpts from the correspond-
ing operative notes, were assembled so that the readers
could assess the resection type and approach modifier.
Cases were selected to include all osteotomy grades and
approach modifiers, and 16 of the cases had one or more
minor osteotomy performed. With regard to the major
osteotomy and approach modifier, the cases were clas-
sified as follows: 4 cases were classified as Grade 1 (1
Modifier A, 2 Modifier AP, and 1 Modifier PAP); 2 cases
were classified as Grade 2 (1 Modifier P and 1 Modifier
PAP); 5 cases were classified as Grade 3 (1 Modifier A,
1 Modifier AP, and 3 Modifier PAP); 4 cases were classi-
fied as Grade 4 (Modifier PAP); 2 cases were classified as
Grade 5 (Modifier P); 7 cases were classified as Grade 6
(4 Modifier P, 1 Modifier PA, and 2 Modifier PAP); and 1
case was classified as Grade 7 (Modifier AP).

Intrarater and Interrater Reliability and Agreement

The average intrarater reliability (Table 2) was classi-
fied as “almost perfect agreement” for the major osteoto-
my (0.89 (range [range 0.60—1.00]) and approach modifier
(0.99 [range 0.95-1.00]); for the minor osteotomy, average
intrarater reliability was classified as “moderate agree-
ment” (0.73 [range 0.41-1.00]). The average interrater
reliability (Table 3) for the 2 readings was the following:
major osteotomy, 0.87 (“almost perfect agreement”); ap-
proach modifier, 0.99 (“almost perfect agreement”); and
minor osteotomy, 0.55 (“moderate agreement’). Analysis
of only major osteotomy plus approach modifier yielded a
classification that was “almost perfect,” with average in-
trarater reliability of 0.90 (range 0.63—1.00) and interrater
reliability of 0.88 and 0.86 for the two reviews.
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TABLE 2: Intrarater reliability for resection grade (major and minor osteotomies) and for approach modifier

Intrarater Reliability*

Readert Major Osteotomy Minor Osteotomy Approach Modifier
1 0.60 0.41 1.00
2 0.87 0.68 1.00
3 0.96 0.94 0.95
4 0.91 0.73 0.95
5 0.91 0.81 1.00
6 0.91 0.67 1.00
7 0.82 0.73 1.00
8 0.91 0.64 1.00
9 0.95 0.55 0.95
10 1.00 1.00 1.00
" 1.00 0.84 1.00
average 0.89 0.73 0.99

* Determined using the Fleiss kappa coefficient.
t Values are listed for each reader based on 2 readings.

Discussion

Relatively few reports detail the surgical treatment
of CSD. Early reports typically included limited numbers
of patients, had high complication rates, and had what
were considered very high-risk procedures.®3'$! Over
the last couple of decades, continued improvements in
anesthesia and critical care, coupled with rapid advances
in surgical techniques and spinal instrumentation, have
led to expanded capabilities and renewed interests in
addressing these often challenging deformities.!’-!13-15
17-22,36,37,39-43,45-47,53,55-60,62

Similar to the surgical treatment of thoracolumbar
deformities, spinal osteotomies represent powerful tech-
niques that enable deformity correction of the cervical
spine. These osteotomies, which range from relatively
limited facet joint releases to complete vertebrectomy, are
complex and have evolved through generations of surgeons
and reports in the literature. Previously, there has not been
a comprehensive nomenclature to serve as the basis of
communication among physicians and to facilitate effec-
tive clinical and radiographic assessment of patients with
these deformities. In the present study, our objective was to
develop a standardized nomenclature for cervical osteoto-
mies and to demonstrate its intra- and interrater reliability
among a group of experienced experts in CSD.

The proposed system is based on 7 anatomical grades

of resection that represent progressively greater degrees of
bony removal and potential destabilization. Since proce-
dures for a given case may involve combinations of resec-
tion types, the highest grade of osteotomy performed is
designated as the “major osteotomy,” while lower grades of
osteotomy are designated as “minor osteotomies.” Grading
of the major osteotomy had excellent intra- and interrater
reliability, demonstrating that use of the proposed osteoto-
my classification system is consistent and reliable. Moder-
ate reliability was shown for grading minor osteotomies
based on intra- and interrater assessments. Notably, each of
the 7 osteotomy grades was represented by at least one case
in which it was applied as the major osteotomy, and clas-
sification of the major osteotomy had excellent reliability.
This demonstrates that the defined grades are readily iden-
tifiable by the case readers. It is possible that the lesser reli-
ability for determination of osteotomies when they were
performed as minor osteotomies may relate to limitations
in the operative report details provided to the reviewers.

The decision of which approach(es) (anterior and/or
posterior) to use and the ordering of the approaches used
to surgically address CSD can be complex and is not stan-
dardized. Therefore, as part of the proposed system, an
approach modifier was included to incorporate this infor-
mation. Excellent reliability was demonstrated for selec-
tion of the approach modifier, based on both intra- and
interrater assessments.

TABLE 3: Interrater reliability for resection grade (major and minor osteotomies) and for approach modifier

Interrater Reliability*

Factort Major Osteotomy Minor Osteotomy Approach Modifier
Reading 1 0.89 0.59 0.97
Reading 2 0.85 0.52 1.00
average 0.87 0.55 0.99

* Determined using the Fleiss kappa coefficient.
T Values are based on 2 readings and 11 readers.
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Although any categorical nomenclature will have in-
herent limitations, the proposed approach does offer sev-
eral substantial advantages over the current terminology.
A graded nomenclaure of anatomical bony resection and
destabilization captures variations in technique, while
still allowing objective comparative analysis. The surgi-
cal approach(es) used to treat CSD are tied to the com-
plexity of the cases and risks for complications, and the
inclusion of an approach modifier allows this information
to be tied to the osteotomy grade. The intent of the pro-
posed nomenclature is to promote a more objective and
consistent description of cervical osteotomies as a means
of improving communication in the care of patients with
CSD and in comparative studies of surgical outcomes.

Conclusions

The proposed cervical spinal osteotomy nomencla-
ture, based on 7 resection grades and an approach modi-
fier, provides the surgeon with a simple, standardized
description of cervical osteotomies, serving as a means
of improving communication and future research efforts.
The reliability analysis demonstrated that this system
is consistent and directly applicable. Future work will
evaluate the relationship between this system and health-
related quality of life metrics.
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