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-OBJECTIVE: Although previous reports suggest that sur-
gery can improve the pain and disability of cervical spinal
deformity (CSD), techniques are not standardized. Our objec-
tive was to assess for consensus on recommended surgical
plans for CSD treatment.

-METHODS: EighteenCSDcaseswereassembled, including
a clinical vignette, cervical imaging (radiography, computed
tomography/magnetic resonance imaging), and full-length
standing radiography. Fourteen deformity surgeons (10 ortho-
pedic, 4 neurosurgery) were queried regarding recommended
surgical plans.

-RESULTS: There was marked variation in treatment plans
across all deformity types. Even for the least complex de-
formities (moderate midcervical apex kyphosis), there was
lack of agreement on approach (50% combined anterior-
posterior, 25% anterior only, 25% posterior only), number of
anterior (range, 2e6) and posterior (range, 4e16) fusion
levels, and types of osteotomies. As the kyphosis apex
moved caudally (cervical-thoracic junction/upper thoracic
spine) and for cases with chin-on-chest kyphosis, >80% of
surgeons agreed on a posterior-only approach and >70%
recommended a pedicle subtraction osteotomy or vertebral

column resection, but the range in number of anterior (4e8)
and posterior (4e27) fusion levels was exceptionally
broad. Cases of cervical/cervical-thoracic scoliosis had
the least agreement for approach (48% posterior only, 33%
combined anterior-posterior, 17% anterior-posterior-anterior
or posterior-anterior-posterior, 2% anterior only) and had
broad variation in the number of anterior (2e5) and posterior
(6e19) fusion levels, and recommended osteotomies (41%
pedicle subtraction osteotomy/vertebral column resection).

-CONCLUSIONS: Among a panel of deformity surgeons,
there was marked lack of consensus on recommended surgi-
cal approach, osteotomies, and fusion levels for CSD. Further
study is warranted to assess whether specific surgical treat-
ment approaches are associated with better outcomes.

INTRODUCTION

Although cervical spinal deformity (CSD) can have a pro-
found impact, including pain, disability, and neurologic
compromise, there are relatively few reports that detail its

surgical treatment.1-3 Early reports focused on small series of
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Abbreviations and Acronyms
CSD: Cervical spinal deformity
PSO: Pedicle subtraction osteotomy
SD: Standard deviation
SRS: Scoliosis Research Society
VCR: Vertebral column resection
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patients who were treated with what were considered high-risk
procedures and often had high rates of significant complica-
tions.4-6 Through continued improvements in anesthesia and
critical care and marked advancements in surgical techniques and
instrumentation over recent decades, there has been a renewed
interest in addressing these often challenging deformities.2,3,7-28

A broad range of underlying diseases may contribute to the
development of CSD, including spondylosis, inflammatory ar-
thropathies, trauma, infection, neoplasm, congenital anomalies,
and neuromuscular conditions.1,2,12 The cause of CSD may also be
iatrogenic, resulting directly or indirectly from the effects of pre-
vious procedures or surgical treatments.10,20,29,30 Collectively, these
factors can produce a variety of deformities that most commonly
include varying combinations of kyphosis, listhesis, and scoliosis.
These deformities may prompt patients to seek medical attention
for several reasons, including neck pain, radicular pain or weak-
ness, myelopathy, and impaired function. Impaired function may
include difficulty holding the head upright, which can compromise
the ability to swallow and the fundamental ability to maintain
horizontal gaze to ambulate safely and interact socially.31

Management of the patient with CSD is highly dependent on
the presentation. Patients with primarily neck pain, in the absence
of significant or progressive neurologic or severe functional
impairment, may benefit from at least a trial of nonoperative
treatments, which may include physical therapy, nonsteroidal anti-
inflammatory medications, muscle relaxers, and possibly consulta-
tion with a pain management specialist. For the subset of patients
with CSD who have exhausted nonoperative measures without
adequate benefit or who present with concerning neurologic

compromise or functional impairment, surgical treatment may be
warranted.
Strategies for the surgical treatment of CSD are often complex

and are not standardized. Surgical approaches may be anterior,
posterior, or combined (eg, anterior-posterior, posterior-anterior,
posterior-anterior-posterior). A variety of soft tissue releases
and osteotomies, ranging from simple facet release to vertebral
column resection (VCR), may be applied for decompression
and deformity correction.8 To facilitate deformity correction,
stabilization, and arthrodesis, an increasing array of anterior and
posterior spinal instrumentation may be used, including anterior
cervical plates and cages and posterior screws, hooks, rods,
wires, and plates. The number of vertebral levels, anterior and
posterior, that may warrant instrumentation and arthrodesis is
also variable. Although there are no previous reports that have
focused on differences in surgical approach(es), use of
osteotomies, and extent of instrumentation and fusion for the
surgical treatment of patients with CSD, given the wide range of
options and the lack of standardization, it is likely that there is at
least some degree of variation among surgeons. These variations
may have significant impact on complication risk, patient
outcomes, and cost. Defining these differences and assessing
their impact may prove valuable for surgical planning, improving
the safety of care, optimizing patient outcomes, and reducing
cost. For example, Shamji et al.32 and Mohanty et al.33 have
shown that variations in surgical approach for the treatment of
cervical spondylotic myelopathy in the context of cervical sagittal
alignment can significantly affect neurologic recovery among
kyphotic patients.

Figure 1. Example case presentation. Each of 18 cases were presented with a brief clinical vignette and imaging
studies. Images shown for this case are posteroanterior (A) and lateral (B) full-length satanding spine radiographs,
posteroanterior (C) and lateral (D) cervical radiographs, and midsagittal section of a T2-weighted magnetic
resonance image of the cervical spine (E) with corresponding axial T2-weighted section at the level of C5-C6 (F). y/o,
year-old.
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