
Leitthema

Orthopäde 2018 · 47:496–504
https://doi.org/10.1007/s00132-018-3581-0
Published online: 7 June 2018
© Springer Medizin Verlag GmbH, ein Teil von
Springer Nature 2018

Bassel G. Diebo1 · Neil V. Shah1 · Maximillian Solow2 · Vincent Challier3 ·
Carl B. Paulino1 · Peter G. Passias4 · Renaud Lafage5 · Frank J. Schwab5 ·
Han Jo Kim5 · Virginie Lafage5

1 Department of Orthopaedic Surgery and RehabilitationMedicine, State University of New York (SUNY),
DownstateMedical Center, Brooklyn, USA

2 St. George’s University School of Medicine, St. George’s, Grenada
3Department of Orthopaedic Surgery, Bordeaux Hospital University Center (CHU), Bordeaux, France
4Department of Orthopaedic Surgery, NYUMedical Center-NYU Langone Orthopedic Hospital, New York,
USA

5 Spine Service, Hospital for Special Surgery, New York, USA

Adult cervical deformity:
radiographic and osteotomy
classifications

Historical perspective

Before the radiographic X-ray era, the
term “neck deformity” was used to de-
scribe burn andmass-driven cervical de-
formities by Wood in 1863 and Heath in
1911, respectively [30, 83]. During the
first half of the twentieth century, the ad-
vent of radiological techniques allowed
clinicians to precisely describe degenera-
tive changesof the cervical spine and sub-
sequentdeformity. In1946,Whiteleather
identified loss of cervical lordosis (CL) as
a consequence ofdiskdegeneration in the
aging spine [81]. Cervical kyphosis was
also described after acute injuries such
as whiplash accidents, demonstrated by
Nagle in 1957 [55]. Multiple attempts
to measure CL in lateral X-rays were
also performed during that era. How-
ever, the methods most commonly used
now include the Cobb method, devel-
oped by Dr. John Cobb at the Hospi-
tal for Special Surgery, and the Harrison
posterior tangent method ([14, 21, 29,
65]; . Fig. 1). Quantifying cervical de-
formity by radiographic parameters led
to the first steps toward clinically rele-
vant classifications. Moreover, there have
been recent advances in formulating a
widely-accepted, standardized classifica-
tion or nomenclature system for cervical
soft tissue release and osteotomy toman-
age cervical deformity [70]. This article

offers evidence-based recommendations
for management of adult cervical defor-
mity (ACD) and highlights available al-
gorithms.

Diagnosis of adult cervical
deformity

Clinical presentation of cervical
deformity

An ACD can occur due to multiple
etiologies, ranging from inflamma-
tory and non-inflammatory spondy-
loarthropathiestoneuromuscularpathol-
ogies as well as the development of prox-
imal junctional kyphosis (PJK) following
long thoracolumbar spinal fusion [20,
23, 44, 53]. They can present with
focal and global cervical deformities,
which may lead to increased compen-
sation at adjacent spinal segments in
an attempt to maintain horizontal gaze.
Patients experience functional impair-
ments in horizontal gaze, posture, gait,
and, if severe, they may also complain of
dysphagia and dyspnea. Furthermore,
patients often present with neck pain,
and stiffness, as well as paresthesia and
sensorimotor deficits due to compression
of neural elements and impaired cord
perfusion [75]. Smith et al. [69] reported
that the mean EuroQuol-5 Dimensions
(EQ-5D) score for ACD patients was

below the bottom 25th percentile com-
pared to several other chronic disorders
and very close to blindness. Similarly,
Iyer et al. [35] demonstrated that in-
creasing cervical sagittal malalignment
correlatedwith higher preoperativemor-
bidity, as measured by the neck disability
index (NDI) score. In 2013, Smith et
al. observed association between mod-
ified Japanese Orthopaedic Association

Abbreviations
ACD Adult cervical deformity

AS Ankylosing spondylitis

CBVA Chin-brow-to-vertical angle

CK Cervical kyphosis

CL Cervical lordosis

EQ-5D EuroQuol-5Dimension question-
naire

mJOA Modified Japanese Orthopaedic
Association score

NDI Neck disability index

PJK Proximal junctional kyphosis

PRO Patient-reported outcome

PSO Pedicle subtraction osteotomy

ROM Range of motion

SVA Sagittal vertical axis

TK Thoracic kyphosis
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Fig. 18 Aschematic representationoftwomethodsof lateralcervical radiographicanalysis. TheCobb
method (a) and the Harrison posterior tangentmethod (b)

(mJOA) scores, sagittal alignment, and
spinal cord volume calculated from
magnetic resonance imaging (MRI),
demonstrating a relationship between
deformity and myelopathy [68]. Sur-
gical management of ACD focuses on
achieving symptomatic relief, neurologic
recovery, and deformity correction and
has a well-documented efficacy [45, 66,
74, 78].

Radiographic assessment of
cervical deformity

While the importance of a thorough clin-
ical assessment for obvious deformities,
limitations inmotion, and neurovascular
function cannot be overstated, it is nec-
essary to obtain full spine standing 36-
inch (36”) X-rays in order to appropri-
ately evaluate the role of cervical align-
mentwithrespect tooverall sagittal spinal
alignment [2]. Similarly, it is important
to obtain coronal views in order to as-
sess for scoliosis as well as to identify any
cervical ribs [17, 56]. Dynamic assess-
ment by flexion-extension radiographs
should also be incorporated in preoper-
ative planning to evaluate cervical stiff-
ness and range of motion (ROM) that
is known to be correlated to patient-re-
ported outcomes (PROs) [46]. Likewise,
MRI is a well-known modality used for
diagnosis and surgical planning for pa-
tients with cervical myelopathy [80]. Al-
thoughdistortion inboth the coronal and

sagittal planes occurs in cervical spinal
deformity, sagittal plane deformities are
more common [13, 73] and, when sur-
gically-corrected, are closely related to
better clinical outcomes [24]. Comput-
erized tomographyprovides useful infor-
mation boney anatomy and the presence
of ossification of the posterior longitudi-
nal ligament (OPLL) [50].

Alignment considerations

Normal cervical alignment
In healthy individuals, the cervical spine
has a large variability of normal align-
ment due to its relative mobility and
adaptability to full body alignment [25].
Originally, cervical kyphosis was found
in 46 out of 116 asymptomatic subjects by
Rubinstein et al. [21] in the early 1960s,
ultimately concluding that it alone could
not define cervical deformity. However,
later in the 1990s Hardacker et al. [28]
demonstrated that in healthy volunteers,
the normal cervical alignment is lordotic,
with a mean CL of –40.0±9.7°, with
the occiput-C1 segment being kyphotic.
Moreover, they reported that the major-
ity of lordosis was localized to C1-C2,
with only 15% (6°) of lordosis occurring
at the lowest three cervical levels (C4-C7)
[28]. Yet, more recent studies supported
Rubinstein et al. [21] by presenting cer-
vical kyphosis as a normal variant. Faline
et al. [19] and Le Huec et al. [34] eval-
uated asymptomatic subjects and found

that more than 30% of subjects demon-
strated cervical kyphosis.

What drives the cervical alignment
in normal and deformity settings?
The cervical spine adapts to our differ-
ent postures in order to maintain func-
tional gaze [42]. In standing posture,
Diebo et al. [16] found that thoracic
kyphosis (TK) and global thoracolum-
baralignment(C7-S1sagittalverticalaxis
[SVA]) were independent drivers of cer-
vical alignment in patients with a func-
tional, horizontal gaze. The authors re-
ported that cervical alignment may be
kyphotic in a significant proportion of
patients with negative global alignment
or a hypokyphotic thoracic spine. How-
ever, in their study, patientswithSVA>50
mm and increased TK required lordotic
cervicalalignmenttomaintainhorizontal
gaze. As a result, Diebo et al. [16] pro-
posed cervical alignment thresholds to
maintain horizontal gaze based on SVA
and TK (. Table 1). Their study pre-
sented cervical alignment as a patient-
specific measure. For instance, a CL of
20° might be hyperlordotic, ideal, or hy-
polordotic for 3different types of patients
(. Fig. 2).

Recent work by Hey et al. [32] high-
lighted the same findings in sitting pos-
ture; 100% of patients had a lordotic cer-
vical alignmentwhenevaluated in a com-
fortable sitting position due to increased
T1-slope and SVA.

The interplay between cervical and
thoracolumbar alignment is apparent in
the settings of deformity. Passias et al.
[60] found that 47.7% of patients without
prior cervical deformity who underwent
thoracolumbar surgery for adult spinal
deformity subsequently developed new-
onset cervical deformity based on the
current definition of ACD. In contrast,
Smith et al. [71] found that patients with
sagittal spinopelvic deformity who com-
pensatedwithanabnormal increase inCL
and underwent lumbar pedicle subtrac-
tion osteotomy (PSO) subsequently de-
velopedreciprocal changes in the cervical
spine that resulted in an improvement in
cervical hyperlordosis. This syndromic
relationship between cervical and tho-
racolumbar alignments in both asymp-
tomatic and deformity settings necessi-
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tates a great attentionwhenplanning sur-
gical treatment forcervicaldeformity. An
ACD can present as an isolated defor-
mity of the cervical spine or concomi-
tant with thoracolumbar deformity (cer-
vicothoracolumbar CTL syndrome). Re-
cent unpublished work by Staub/Lafage
et al. [40] further emphasized the in-
terplay between T1 slope [T1S] driven
by thoracolumbar alignment and cervi-
cal lordosis. In their study, they showed
that the T1S-CL mismatch is a constant
for a given horizontal gaze. Their study
proposed that a normative CL for a given
patient can be predicted by the formula:
CL = T1S – 16.5 ± 2. This formula, pend-
ing further research, is expected to pro-
vide a threshold for cervical deformity
and aid in providing a goal for surgi-
cal correction at the cervical or upper
thoracic levels.

Adult cervical deformity
classification

First attempts to classify ACD were re-
ported byAmes et al. [4]. Theyproposed
a classification system for ACD to stan-
dardize communication among surgeons
[61]. The system was built on basic de-
formity descriptors and five associated
modifiers. Deformity descriptors differ-
entiated deformity by type, ranging from
sagittal to craniovertebral junctiondefor-
mities, as well as regional location fac-
toring thoracolumbar deformities. The
selected modifiers accounted for vari-
ous factors correlating with ACD and
thoracolumbar deformity; however, this
classification was criticized for being too
complex for clinical application and that
it classifies healthy subjects as deformed
due to broad and imprecise thresholds
of radiographic parameters [6, 43].

Recent research by Kim et al. [40] has
changed the way we address cervical de-
formity. As in initial step, the team revis-
ited radiographic assessment of cervical
deformity by consensus approach com-
bined with discriminant analysis. Their
study showed that the fivemost discrimi-
nateparameters are cSVAandT1slopeon
lateral view, and maximum focal kypho-
sis, C2 slope and number of kyphotic
levels on extension view. Those parame-
ters were able to describe severe cervical
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Abstract
Cervical spine deformity represents a broad
spectrum of pathologies that are both
complex in etiology and debilitating
towards quality of life for patients. Despite
advances in the understanding of drivers and
outcomes of cervical spine deformity, only
one classification system and one system
of nomenclature for osteotomy techniques
currently exist. Moreover, there is a lack of
standardization regarding the indications
for each technique. This article reviews

the adult cervical deformity (ACD) and
current classification and nomenclature for
osteotomy techniques, highlighting the need
for further work to develop a unified approach
for each case and improve communication
amongst the spine community with respect
to ACD.
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Deformitäten der Halswirbelsäule – Nomenklatur für den Release
vonWeichgewebe und Osteotomieverfahren

Zusammenfassung
Deformitäten der Halswirbelsäule (HWS) um-
fassen ein breites Spektrum an Pathologien,
die sowohl komplex in ihrer Ätiologie sind
als auch die Lebensqualität der Patienten
belasten. Trotz der verbesserten Kenntnisse
von Einflussfaktoren und Ergebnissen der
HWS-Deformitäten existieren bisher nur
ein einziges Klassifikationssystemund eine
Nomenklatur für Osteotomieverfahren.
Zudem fehlt eine Standardisierung bezüglich
der Indikationsstellung zu den einzelnen
Verfahren. Dieser Beitrag gibt eine Übersicht
über die Deformitäten der Halswirbelsäule

bei Erwachsenen („adult cervical deformity“,
ACD) sowie die aktuellen Klassifikationen und
Nomenklaturen für Osteotomieverfahren.
Hierbei soll betont werden, dass es weiterer
Arbeiten zur Entwicklung eines einheitlichen
Verfahrens für einzelne Fälle sowie einer
Verbesserung der Kommunikation in der
Spine Community in Bezug auf ACD bedarf.

Schlüsselwörter
Halswirbelsäule · Übersichtsartikel · Lordose ·
Klassifikation · Kyphose

deformity cases with +85% accuracy and
canonical correlation of 0.689. Further-
more, and based on an experts’ panel
and utilizing 2-step cluster analysis (a
combination of hierarchical cluster and
K-mean cluster), the team proposed 3
distinct morphologies of sagittal cervical
deformities based on lateral and exten-
sion radiographs ([40]; . Fig. 3). Overall,
the current classifications remain limited
to radiographic or clinical description.
There exists no classification system that
dictates treatment modality and strongly
predict outcomes. This is, however, the
focus of an ongoing research.

Management algorithm by passive
correctability

A concept for selection of mode of man-
agement for cervical deformities has
also been recently put forth by Albert
[1], amalgamating the current literature
in order to develop an algorithm that
stratified patients by fixed (not passively
correctable) or flexible (passively cor-
rectable) cervical deformities. Flexible
deformities may be candidates for an-
terior cervical discectomy and fusion
or corpectomy, posterior decompression
and fusion, or combined antero-poste-
rior approach, whichmay offer improved
biomechanical stability and fusion rate.
Fixed deformities can be sub-divided by
ankylosis. Non-ankylosed fixed defor-
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Table 1 Cervical alignment thresholds tomaintain horizontal gaze, based on sagittal vertical
axis (SVA) and thoracic kyphosis (TK) proposed byDiebo et al. [15]

Patient age in years (cervical sagittal curvemeasurement)

TK< 30 TK 30–40 TK 40–50 TK> 50 p-value

SVA< 0mm 38.2 (+8.7°) 43.7 (+0.9°) 43.8 (–3.1°) 49.9 (–10.9°) 0.002

SVA
0–50mm

52.1 (+4.0°) 53.5 (–4.5°) 56.0 (–9.0°) 62.3 (–19.9°) 0.002

SVA> 50mm 68.2 (–6.2°) 65.9 (–11.8°) 65.1 (–16.4°) 73.0 (–29.5°) 0.041

p-value 0.28 0.001 0.001 0.001 0.001

Lower cervical sagittal curve measurements are between parentheses.
TK in degrees, SVA in mm

mities may be candidates for anterior
release/grafting with or without poste-
rior fusion. Ankylosed fixed deformities
are candidates for various osteotomies,
based on the localization of fusion.
Fused anterior columnar cervical defor-
mities may undergo anterior osteotomy,
grafting, and posterior instrumentation.
Fused posterior columnar cervical defor-
mitiesmay undergo posterior osteotomy,
anteriorrelease, and interbodyandposte-
rior instrumentation. Circumferentially
fused cervicothoracic junction lesions
may be candidates for PSO (. Fig. 4).

Osteotomy nomenclature and
surgical indication

Ames et al. [3] proposed an anatom-
ically-based, universal nomenclature of
cervical osteotomies that progresses in-
crementally across seven grades of bone
and soft tissue resection and destabiliza-
tion. Thesystemalso incorporatedmodi-
fiers to indicate the surgical approachuti-
lized. Despite this attempt, there remains
a lack of standardization and consensus
among spine surgeons with respect to
selection of surgical technique [27, 36,
56, 67]. The approach and technique se-
lected depend on degrees of correction
required andmobility of the spine. Poste-
rior approaches can provide superior an-
gular and translational corrections [39].
Etame at el. [18] reported that anterior
approaches provided 11° to 32° of cor-
rection, dorsal PSO provided 23-54° of
correction, and combined anterior and
posterior approaches provided 24–61.4°
of correction in Cobb angle. More re-
cently, Kimandcolleagues [38]described
their technique and experience with an-
terior cervical osteotomies for fixed CD.

They validated its safety in a consecu-
tive series of patients and compared pa-
tients receiving only anterior cervical os-
teotomy to those with both anterior os-
teotomy and Smith-Petersen osteotomy
(SPO). They reported improvements in
NDI for both groups, though no differ-
ence was found between each group for
NDI as well as mean angular correc-
tion (23° vs. 33°, p=0.15). However,
anterior cervical osteotomy alone pro-
vided less mean translational correction
(1.3 vs. 3.7 cm, p=0.03), leading the au-
thors to conclude that anterior cervical
osteotomiesforfixedCDsweresafe, effec-
tive, and couldbe combinedwithSPOfor
additional angular and translational cor-
rection. Kim et al. [39] also reported that
isolated implementation of SPO, PSO,
and anterior cervical osteotomy could
provide 10°, 35°, and 17° of angular cor-
rection per level, respectively. More im-
portantly, they demonstrated that com-
bined anterior cervical osteotomy with
SPOs yielded comparable or better cor-
rection than isolated SPO, especially for
CDs requiring more translational than
angular correction, while also reducing
blood loss and requiring similar oper-
ative time. They ultimately concluded
that the anterior approach, if feasible, is
superior to an isolated PSO.

ThefollowingdescribesAmesetal. [3]
osteotomyclassificationand thepotential
utilization of each grade:

Grade 1: partial facet joint
resection

Grade 1 osteotomies are performed via
anterior approach with discectomy and
partial uncovertebral joint resection or
posteriorapproachwith facet capsular re-

Hier steht eine Anzeige.
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Fig. 28 X-ray imagesof threepatientswhomaintainhorizontalgaze, yetpresentwithdifferentalign-
mentpatterns.aHyperlordotic cervical profile,withCL–32.3°, SVA91.5mmandTK45.6°.b Ideal cervi-
cal profile,withCL–17.3°, SVA72.6mmandTK50.3°. cHypolordotic cervical profile,withCL–2.1°, SVA
–16.9mmand TK 23.9°

Fig. 38 New cervical deformitymorphologies described by Kim et al [40]:Group 1 (46.1%): Flatneck
with lackof compensation, largeT1S-CL,flexibleCL;Group2(30.8%): Focal deformity, largefocalkypho-
sis between 2 segments, No large regional cervical kyphosis under the setting of a lowT1S; Group 3
(23.1%): Cervico-thoracic deformity, very large T1S, hyperlordosis of the cervical spine, no extension
reserve left

sectionor partial facet resection. Grade 1
osteotomiesareused incombinationwith
other osteotomy and release procedures
[3, 15, 54]; however, they afford minimal
correction and their isolated use forACD
correction remains controversial. Par-
tial facet resection has been documented
in treatment of selected cases of cervi-
cal radiculopathywithminimal adjacent-
segment degeneration and optimal ROM
[11].

Grade 2: complete facet joint
resection

Grade 2 osteotomies are performed via
posterior approach butmay be combined
with anterior soft-tissue release and in-
volve resection of both superior and in-
ferior facets at the level of interest. The
ligamentumflavum, lamina, and spinous
processes may also be removed. Some
degree of anterior column mobility is
required to achieve proper alignment.
Grade 2 osteotomies include the SPO
[9, 72], the Chevron variety SPO [8], the
extension osteotomy [48], and the Ponte
osteotomy. They are generally indicated
for sagittal plane deformities with a mo-
bile anterior column in which multi-seg-
ment correction is required [8]. Specifi-
cally, when proximal junctional kyphosis
(PJK)occurs in the cervicothoracic spine,
Ponte osteotomy is commonly employed
to restore proper alignment, as it is capa-
ble of correcting 10° at each treated level
[10].

Grade 3: partial or complete
corpectomy

Grade 3 osteotomies (partial or complete
corpectomy) are performed with discec-
tomy and are used for deformity correc-
tion aswell as augmentation of foraminal
and spinal canal decompression. Per-
formed via an anterior approach, they
may also be combined with posterior
release. To attain optimal correction,
the posterior columnmustmaintain ade-
quatemobility. Grade 3osteotomieshave
been reported in the correction of cervi-
cal kyphotic sagittal deformity [57], cer-
vical spondylotic myelopathy [58], and
cervical radiculopathy [63]. The advan-
tage of this technique is that it provides

500 Der Orthopäde 6 · 2018



Cervical deformity

Fixed (Not passively
correctable)

Not ankylosed

Anterior release/grafting
± posterior fusion

Ankylosed ACDF or
corpectomy

Combined AP
approach

Posterior
decompression

and fusion

Osteotomy

Fused posteriorFused anterior

Anterior osteotomy
grafting posterior
instrumentation

Pedicle subtraction
osteotomy

Posterior osteotomy,
anterior release and
interbody, posterior

instrumentation

Circumferentially
fused cervico-

thoracic junction

Flexible (passively
correctable)

Fig. 48 Algorithm formanagement of cervical deformity basedon the ability to achieve passive correctionof the deformity
proposed by Albert [1].ACDFAnterior Cervical Discectomy and Fusion,AP anteroposterior

release and deformity correction along
with spinal canal and foramina decom-
pression. Gao et al. [22] reported signifi-
cant improvement after 5-year follow-up,
as demonstrated by a 3.8±1.3 increase
in mJOA score in cervical spondylotic
myelopathypatients treatedwith anterior
corpectomy and fusion. Similarly, An-
daluz et al. [5] reported significant long-
term improvement, as demonstrated by
a three-point improvement in modified
JOA score following cervical corpectomy
for treatment of symptomatic subaxial
cervical spine spondylosis.

Grade 4: complete uncovertebral
joint resection to the transverse
foramen

Grade 4 osteotomies are performed via
anterior approach. Unlike grade 1 os-
teotomies, grade 4 osteotomies involve
bony resection that extend laterally
through the lateral body and uncoverte-
bral joints into the transverse foramen.
Grade 4 osteotomies are particularly use-
ful forpatientswithcompletelyankylosed
anterior columns [3]. O’Shaughnessy et
al. [59] reported on 16 patients success-

fully treated with grade 4 osteotomy for
fixed cervical kyphosis with myelopathy,
demonstrating mean Cobb angle correc-
tionof48°. Similarly,Wangetal. [79]and
Cheng et al. [12] demonstrated success-
ful treatment of fixed cervical kyphosis
and cervical spondylotic myelopathy,
respectively, with grade 4 osteotomy.

Grade 5: opening wedge
osteotomy

Grade 5 osteotomies, performed via an-
terior approach, involve full resection
of laminae, spinous process, and facets
with subsequentosteoclastic fracture and
formation of an anterior wedge in the
anterior column. This results in a ful-
crum of rotation in the middle column
and leads to anterior column lengthen-
ing with posterior column shortening.
Grade 5 was first described by Mason
et al. [49] and later modified by Urist
et al. [77] for correction of ankylosing
spondylitis (AS). Since then, numerous
reports have documented their use for
correction ofACD in patients withAS [7,
51, 52]. Koller et al. [41] demonstrated
mean CBVA correction of 25° for AS

patients treated with non-instrumented
C7-T1open-wedgeosteotomy. However,
the risk of neurovascular complications
and risk to anterior soft tissue structures
has led to replacement of open-wedge os-
teotomies by other techniques [31, 56].

Grade 6: closing wedge osteotomy

Grade 6 osteotomies involve complete
resection of the laminae, spinous pro-
cess, facets, and pedicles via posterior
approach, with subsequent formation of
a closing wedge in the vertebral body.
Unlike Grade 5 osteotomies, they do not
produce any anterior column length-
ening, avoiding any associated vascular
and neurological complications [7, 51].
The “eggshell” procedure, a posterior de-
cancellation osteotomy or PSO, widely
used within thoracolumbar correction
[47, 84], is most similar to grade 6
osteotomies used in ACD correction.
Grade 6 osteotomies are a safer alter-
native than grade 5 osteotomies, as
they do not produce any elongation of
the anterior spinal column [3]. Their
use has been extensively documented
within literature for ACD [37, 62, 64,
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82]. Specifically, Tokala et al. [76]
documented that fixed cervico-thoracic
kyphosis patients treated with C7 de-
cancellization closing wedge osteotomy
had full restoration of normal forward
gaze. Similarly, Deviren et al. [15] re-
ported on 11 cases of cervico-thoracic
junction PSO for patients with AS, cer-
vical kyphosis, chin-on-chest deformity,
and fixed coronal and sagittal planeACD
and showed that patients experienced
mean CBVA correction of 36.7° and
significant decrease in NDI and visual
analogue scale (VAS) pain scores.

Grade 7: complete vertebral
column resection

Grade 7osteotomies involve complete re-
section of one or more entire vertebral
bodies, associated discs, uncovertebral
joints, posterior laminae, and facets and
are performed via combined anterior and
posterior approach. Grade 7 osteotomies
are complex, high-risk procedures with
sparsely documented indications. This
technically demanding procedure is re-
served for severe cases of AS [33] and
cervical kyphosis [26].

Conclusion

The ACD of the spine represents a spec-
trum of complex and debilitating
pathologies that significantly im-
pact quality of life. Initial attempts
for radiographic and osteotomy clas-
sifications are too complex and still
lacking the ability to guide treatment.
Based on integration of functional
gaze and dynamic assessment of the
cervical spine, emerging research is
promising for a simplified, and clinician
friendly language. Spine flexibility, sur-
gical approach, osteotomy grade and
alignment targets are expected to be in-
tegral parts of future classification that
aims to dictate treatment.
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