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Cervical spine deformities (CSD) are complex surgical issues with currently heterogenous
management strategies. The classification of CSD is still an evolving field. Rudimentary
classification schemas were initially proposed in the late 20th century but were largely infor-
mal and based on the underlying etiology (i.e., postsurgical, traumatic, or inflammatory).
The first formal classification schema was proposed by Ames et al. in 2015 who established
a standard nomenclature for describing these deformities. This classification system estab-
lished 5 deformity descriptors based on curve apex location (cervical, cervicothoracic, tho-
racic, craniovertebral junctional, and coronal deformities) and 5 deformity modifiers
which helped surgeons utilize a standard language when discussing CSD patients. Koller et
al. in 2019 subsequently established a classification system for patients with rigid cervical
kyphosis based on regional and global sagittal alignment. Most recently, Kim et al. in 2020
proposed an updated classification system utilizing dynamic cervical spine imaging to guide
surgical treatment of CSD patients. It identified 4 major groups of deformities — (1) those
with “flat-neck” deformities caused by cervical lordosis T1 slope mismatch; (2) those with
focal kyphotic deformities between 2 cervical vertebrae; (3) those with cervicothoracic de-
formities caused by large T1 slope; and (4) those with coronal deformities. Group 2 defor-
mities most often required combined anterior-posterior approaches with short constructs,
and group 3 deformities most often required posterior-only approaches with 3-column os-
teotomies.
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INTRODUCTION

Cervical spine deformities (CSD) can significantly hinder
patient quality of life."” Despite the complex surgical manage-
ment required, the rarity and relative paucity of data has result-
ed in heterogeneous management of patients with cervical de-
formities. Although other spinal deformities have benefitted
from established classifications,’” the classification of CSD is an
evolving field. Recent attempts at classifications of CSD by large
multi-institution studies, are helping to guide surgical treat-

ment of these complex deformity cases.*"°

HISTORICAL CLASSIFICATION

Given the relative rarity of CSD, there was sparse literature
describing the management of these deformities throughout
the 20th century. Much of the early literature regarding treat-
ment of cervical deformities, however, described anecdotal
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management strategies for isolated types of secondary cervical

11,12 13-18

deformity. These included traumatic,">'"* postlaminectomy,
neuromuscular,” and inflammatory***' Consequently, early at-
tempts at classifying CSD were based entirely on the underlying
etiology of the deformities, not radiographic characteristics or
treatment. Yasuoka et al.”> was among the first to explicitly clas-
sify cervical deformities as: congenital, neuromuscular, trau-
matic, oncologic, inflammatory, and idiopathic. This classifica-
tion was proposed in the setting of creating exclusion criteria
for their analysis of postlaminectomy cervical deformities. No

treatment-guiding classification were proposed at this time.

MODERN CLASSIFICATION

1. Ames Classification

The first codified classification system for CSD was published
in 2015 by Ames et al. and the International Spine Study Group.
The goal of this schema was to provide a unified nomenclature
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system for patients with CSD. This followed similar attempts to
unify nomenclature for cervical spine osteotomies and soft tis-
sue releases.”

The Ames classification was created utilizing a modified Del-
phi panel of experts who identified pertinent classification cri-
teria based on static radiographs.® Classification using the
Ames schema requires full-length standing anteroposterior
(AP) and lateral films of the spine and dedicated AP and lateral
films of the cervical spine.** The Ames classification system
consists of 5 deformity descriptors with 5 deformity modifiers
(Fig. 1). Deformity descriptors included 3 sagittal deformity
groups: “C” for curves with apex deformity in the cervical
spine, “CT” for curves with apex deformity at the cervicotho-
racic junction, and “T” with apex deformities in the thoracic
spine. The other 2 classifications were “S” for coronal deformi-
ties (defined as a C2-7 cobb angle of greater than or equal to 15
degrees), and “CV]” for deformities primarily at the craniover-
tebral junction.

The 5 deformity modifiers included: (1) a sagittal vertical
axis (SVA) modifier, measured by the difference in C2-7 SVA;
(2) a horizontal gaze modifier, measured by the chin-brow ver-
tical angle; (3) a cervical lordosis (CL) modifier, measured by
T1 slope (T1S) subtracted by CL; (4) a myelopathy modifier us-
ing the modified Japanese Orthopedic Association scores™; and

Cervical deformity
classification

e N
Deformity Descriptor

o C- Primary Sagittal Deformity
Apex in Cervical Spine

 CT- Primary Sagittal Deformity
Apex at Cervico-Thoracic
Junction

5 Modifiers

o T- Primary Sagittal Deformity
Apex in Thoracic Spine
o S- Primary Coronal Deformity
(C2-C7 Cobb angle >15°)
« CVJ- Primary Cranio-Vertebral
Junction Deformity

\ )

(5) a thoracolumbar spinal deformity modifier using the vali-
dated SRS-Schwab Classification Modifier.” The respective
grading scales for each modifier can be seen in Fig. 1. The vali-
dation study for the Ames classification showed strong intra-
observe reliability.

The Ames classification provided a unified nomenclature
system for deformity surgeons to use when discussing patients,
and improvement in the cervical modifiers of the Ames classi-
fication has been correlated with improved postoperative ra-
diographic aligment.***”” This classification was not based on
health-related quality of life metrics, however and the classifica-
tion does not guide treatment.”® Another limitation of this clas-
sification was that it relies exclusively on static radiographs. For
management of CSD, dynamic radiographs are crucial to help
determine the required number of osteotomies and soft tissue
procedures needed for ultimate deformity correction and fu-
sion.”

Since the publication of the Ames criteria, several validations
studies have demonstrated the correlation between advanced
Ames deformity modifiers and progressive deformity.>¢ Sub-
sequent literature has also demonstrated the clinical impor-
tance of stratifying deformities by rigidity, achieving global sag-
ittal balance with regional alignment, and correcting of cervical

alignment in extension.”>”*

« C2-C7 sagittal vertical axis (SVA)
+0: C2-C7 SVA <4 cm
+1: C2-C7SVA 4 cm -8 cm
+2: C2-C7 SVA >8cm

« Horizontal Gaze
+0: CBVA 1°-10°
+1: CBVA -10°-0° or 11°-25°
+2: CBVA <-10° or >25°

« Cervical Lordosis Minus T1 Slope
+0: TS-CL <15°
+1: TS-CL 15°-20°
+2: TS-CL >20°

« Myelopathy
+0: mJOA =18 (None)
+1: mJOA =15-17 (Mild)
+2: mJOA =12-14 (Moderate)

+3: mJOA < 12 (Severe)
_

« SRS-Schwab Classification
+T, L, D, or N: Curve Type
+0, +, or ++: Pl minus LL
+0, +, or ++: Pelvic Tilt
+0, +, or ++: C7-S1 SVA

Fig. 1. Ames Classification for cervical spine deformity — deformities broken down into 5 deformity descriptors with 5 subse-
quent modifiers to account for sagittal vertical axis, horizontal gaze, cervical lordosis (CL), myelopathy, and overall SRS-Schwab
classification (T, thoracic; L, thoracolumbar/lumbar; D, double curve; N, no coronal curve).® CBVA, chin-brow vertical angle;
TS, T1 slope; mJOA, modified Japanese Orthopedic Association; PI, pelvic incidence; LL, lumbar lordosis.
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C2-7 SVA

L

Cervicale kyphosis/
Cervicothoracic kyphosis

Cervicale kyphosis/
Cervicothoracic kyphosis

Global balance Global imbalance

Cervical lordosis

Cervical lordosis maintained/
Cervicothoracic kyphosis

Global imbalance Global balance

Fig. 2. Figure demonstrating classifications of cervical sagittal balance types A-D (from left to right respectively) by Koller et al.
and the European Cervical Spine Research Society.” SVA, sagittal vertical axis.

2. Koller-ECSRS Classification

Building upon the unified nomenclature provided by the
Ames Classification, Koller et al.” and the European Cervical
Spine Research Society (ECSRS) established a treatment-guid-
ing algorithm for patients with rigid cervical kyphosis (CK). In
2019, this research group conducted a 10-year, multicenter ret-
rospective review of patients with rigid CK who underwent
surgical correction. In this review, Koller-ECSRS classified pa-
tients into 4 deformity types based on regional and global
alignment in patients: types A-D (Fig. 2). They subsequently
described the surgical techniques most often used for correc-
tion of each deformity. Deformity type A corresponded to pa-
tients with cervical/cervicothoracic kyphosis with maintained
global alignment. Type B corresponded to cervical/cervicotho-
racic kyphotic deformities with concomitant global imbalance.
Type C corresponded to cervicothoracic kyphotic deformities
with inadequate compensatory CL and persistent global imbal-
ance. Type D corresponded to patients with appropriate CL and
maintained global alignment. Koller et al.” found that this clas-
sification schema had clinical implications. Patients with type A
deformities were significantly more likely to require a com-
bined anterior/posterior surgical approach, while patients with
type C deformities were more likely to undergo posterior-only
correction. Type C deformities also required the highest-grade
osteotomies for adequate deformity correction.

The Koller-ECSRS classification created a useful classification

system for patients with rigid CK that emphasized regional and
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global alignment. Like the Ames classification, however, the
Koller-ECSRS classification solely utilized static radiographs.
Moreover, the Koller classification simply reported the most
common surgical techniques utilized by their cohort of sur-
geons with limited discussion on the biomechanical reason for
these strategies.

3. Kim Classification

Given the Ames and Koller-ECSRS classifications’ reliance
on static radiographs and limited ability to guide surgical cor-
rection, Kim et al. and the International Spine Group Study in
2020 published a new classification schema based on a multi-
institution 2-step cluster analysis study of patients with severe
CSD. The Kim classification schema utilized dynamic cervical
spine imaging to create a treatment-guiding classification sche-
ma for CSD." Classification utilizing the Kim schema requires
full-length standing AP and lateral spine radiographs and dedi-
cated AP, lateral, flexion, and extension cervical spine radio-
graphs. The Kim classification identified 4 distinct classes of
CSD: (1) “flat-neck” deformities; (2) focal kyphotic deformities;
(3) cervicothoracic deformities; and (4) coronal deformities
(Fig. 3).” Of note, coronal deformities were rare among the pa-
tient cohort and treatment recommendations were unable to be
made."”

To identify the structural etiology behind these CSD sub-
types and recommend treatment options, the Kim classification
validation study analyzed changes in T1S, C2-7 SVA, T1S-CL,
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Flatneck (FN)

Focal kyphosis (FK)

Cervicothoracic (CTK) Coronal (C)

Fig. 3. Three groups of sagittal deformities identified by Kim et al."” Dynamic images are utilized to identify the etiology of the
deformity as well as plan surgical correction. “Ext” indicates extended neck lateral radiographs. Lat, lateral; Ext, extension; AP,

anteroposterior.

Table 1. Kim classification of cervical deformities with structural etiology and technique for surgical correction'*”

Deformity group Structural etiology Surgical approach Fusion construct length
Flat-neck CL-T1S mismatch Heterogeneous High thoracic

Focal kyphosis Isolated 2 vertebral kyphosis Combined anterior/posterior Isolated cervical
Cervicothoracic T1S >50° Posterior w/ frequent 3 column osteotomy  Mid thoracic - high lumbar
Coronal Unable to assess given limited sample size

T1S, T1 slope.

and maximum kyphosis between neutral and extended neck
lateral radiographs. This isolated the source of deformity in
each group and allowed recommendations for necessary fusion
levels (Table 1).

Regarding group 1 deformities, the Kim classification identi-
fied a mainly cervicothoracic curve was secondary to significant
CL-T1S mismatch. Treatment for group 1 flat-neck deformities
is heterogenous in terms of anterior versus posterior approach
however these deformities most often require fusions from C2
to a high-thoracic lowest instrumented vertebrae (LIV).

Regarding group 2 deformities, the main driver was identi-
fied as focal kyphosis between 2 cervical vertebrae with overall
maintained global alignment secondary to compensatory in-
creases in T1S (>22°). These patients often require combined
anterior/posterior approaches, with shorter constructs confined
to the cervical spine.'

https://doi.org/10.14245/ns.2245864.392

Regarding group 3 deformities, the main driver was identi-
fied as extremely large T1S (> 50°). Surgical treatment for these
patients most often requires an isolated posterior approach
with an extended constructs extending to a LIV in the midtho-
racic to high-lumbar region. These patients frequently require
3-column osteotomies for adequate deformity correction."

The Kim classification has also shown high intraobserver re-
liability and is currently the only codified CSD classification
system which both utilizes dynamic cervical spine imaging and

guides treatment approaches.'**

CONCLUSION

Given the rarity of CSD patients, classifications of these de-
formities are still evolving. Historical classifications of CSD fo-
cused on the etiologies of these conditions but did not provide
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much clinical insight. The first unified classification schema,
the Ames classification, was created in 2015 which provided a
unified nomenclature for describing CSD using static radio-
graphs but did not provide treatment recommendations. The
Koller-ECSRS classification subsequently utilized static radio-
graphs to classify and guide treatment of CK based on regional
and global sagittal alignment. More recently, the Kim classifica-
tion was created utilizing dynamic cervical spine imaging to
help guide CSD surgical planning.
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