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Objective: To provide state of the art review regarding cervical kyphosis.

Background: Cervical spine kyphosis has been increasingly common due to the growing elderly population.
Clinicians should comprehensively understand its symptoms, biomechanics, etiology, radiographic
evaluation, classification, and treatment options and complications of each treatment. Comprehensive review
will help clinicians improve the management for patients with cervical kyphosis.

Methods: The available literature relevant to cervical kyphosis was reviewed. PubMed, Medline, OVID,
EMBASE, and Cochrane were used to review the literature.

Conclusions: This article summarizes current concepts regarding etiology, evaluation, surgical treatment,
complications and outcomes of cervical kyphosis. Major etiologies of cervical kyphosis include degenerative,
post-laminectomy, and ankylosing spondylitis. Clinical presentations include neck pain, myelopathy,
radiculopathy, and problems with horizontal gaze, swallowing and breathing. Cervical lordosis, C2-7 sagittal
vertical axis, chin-brow to vertical angle, and T'1 slope should be evaluated from upright lateral 36-inch film.
The most widely used classification system includes a deformity descriptor and 5 modifiers. A deformity
descriptor provides a basic grouping of the deformity consisting of five types, cervical, cervicothoracic,
thoracic, coronal cervical deformity, and cranio-vertebral junction deformity. The 5 modifiers include
C2-7 sagittal vertical axis, chin-brow to vertical angle, T1 slope minus cervical lordosis, myelopathy based
on modified Japanese Orthopaedic Association score, and SRS-Schwab classification for thoracolumbar
deformity. Current treatment options include anterior discectomy and fusion, anterior osteotomy, Smith-
Peterson osteotomy, pedicle subtraction osteotomy, or a combination of these based on careful preoperative

evaluation.
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Introduction

Cervical spine kyphosis causes neck pain, myelopathy,
radiculopathy, problems with horizontal gaze, swallowing
and breathing. Treating cervical spine kyphosis presents
challenges, as vital structures such as the vertebral artery,
trachea, and esophagus, are within close proximity.
The cervical spine also has various functions including
supporting the weight of the head, protecting neurovascular
structures, maintaining horizontal gaze, and allowing a
wide range of motion. Although cervical spine kyphosis
has been increasingly common due to the growing
elderly population, there is a paucity of evidence on the
management of cervical kyphosis. We aimed to provide a
state-of-the-art review to help clinicians to comprehensively
understand the management of cervical kyphosis.

We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/jss-21-54).

Methods

The available literature relevant to cervical kyphosis was
reviewed. PubMed, Medline, OVID, EMBASE, and
Cochrane were used to review the literature. Only English
articles published between 1965 and 2020 were included.

Discussion/summary
Biomechanics

Anterior elements consist of vertebral bodies and
intervertebral discs, resisting compression and bearing
approximately 36% of the axial load. Posterior elements
consist of the facets, laminae, spinous processes, posterior
musculature, and ligamentous structures. Posterior elements
bear the remaining 64% of the axial load under lordosis and
function as a tension band (1). Normal functioning of these
anterior and posterior structures plays an important role, as
a lordotic alignment can resist large compressive loads and
minimize stress on the vertebral endplates (2,3) preventing
cervical pain and loss of function.

In the healthy cervical spine, axial loads are applied
along the instantaneous axis of rotation (IAR). The loads
are supported along the anterior column of the spine. With
aging of spine, the disc continues to lose height and lordosis
is reduced. The axial force is offset from the IAR, producing
a greater moment arm at the point of rotation. Greater loss
of lordosis increases the moment arm, worsening kyphotic
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deformity (4).

Etiology

There are multiple causes of cervical kyphosis including
degeneration, infection, trauma, inflammation, and
iatrogenic. Post-laminectomy kyphosis, degenerative
kyphosis, kyphosis secondary to ankylosing spondylitis are
highlighted in this article as they are more common than
kyphosis from trauma, infection, neoplasm, and congenital
anomalies. Post-laminectomy kyphosis is the most common
cause of iatrogenic kyphosis, and may lead to neurologic
deficits. Ankylosing spondylitis bears particular mention
since after relatively minor trauma, patients may develop
instability leading to post traumatic kyphosis.

Post-laminectomy kyphosis

Post-laminectomy kyphosis develops gradually with
disruption of posterior tension band, increasing compressive
loads on the anterior elements. Once the cervical spine
becomes kyphotic, the weight of the head is shifted forward,
and the increased anterior axial load may lead to further
kyphosis (Figure I). In adults, the incidence of postoperative
kyphosis after multi-level laminectomy has been reported to
be 21% (5). There is a higher incidence of post-laminectomy
kyphosis in children, 37% to 100% (6-8), because the
anterior vertebral bodies in children are less ossified and
composed of cartilaginous portion, leading to wedging under
cumulative stress (8).

Risk factors for post-laminectomy kyphosis include
preoperative loss of cervical lordosis (CL) (5), resection of
the bony elements, facet capsule destruction (9-12), loss
of the posterior ligamentous structures and irradiation.
Posterior facet joint disruption has a significant impact
on cervical spine biomechanics as the posterior column
supports 64% of cervical load (1). Thus, careful attention
must be paid to preserving the facets during laminectomy.
Irradiation has been associated with higher postoperative
kyphosis rates in children. Mayfield reviewed 74 patients
undergoing radiotherapy for neuroblastoma and reported
a 76% incidence of cervical kyphosis after an average
13-year follow-up with 20% of survivors requiring
correction surgery (13).

Some surgeons prefer laminotomy (14), laminoplasty
(15,16) or minimally invasive decompression (17,18) to
avoid post-operative kyphosis. Laminoplasty is the most
widely accepted method and has achieved improved clinical
outcomes without decreasing CL and without adding

7 Spine Surg 2021;7(3):422-433 | https://dx.doi.org/10.21037/jss-21-54


https://dx.doi.org/10.21037/jss-21-54
https://dx.doi.org/10.21037/jss-21-54

424

LC“{I
ARV
Figure 1 Postlaminectomy kyphosis. C3-6 posterior elements are

removed and sagittal alignment shows sweeping kyphosis.

significant operative time and morbidity compared with
laminectomy and fusion (19). However, even laminoplasty or
minimally invasive decompression can cause postoperative
kyphosis in the absence of neurological disease, when the
facet joint capsules are disrupted, when excessive facet joint
is resected (20-22), or when the semispinalis cervicis muscle
is not reattached to C2 properly (23). Other iatrogenic
causes include collapse of adjacent discs following multilevel
discectomies, especially without a concurrent fusion (24).

Degenerative kyphosis

Degenerative changes in the cervical spine, involving
multiple levels, may result in cervical kyphosis (Figure 2).
Common causes including a potential genetic pre-disposition,
repetitive trauma, and smoking (24). As the aging of spine,
CL is reduced. The axial force is offset from the IAR, causing
a greater moment arm at the point of rotation. Without
restoration of lordosis and load balance along the cervical
spine, further axial loading will induce further progression of
the kyphosis.

Often, there is an underappreciation of global sagittal
balance where there is concurrent, excessive thoracic
kyphosis or following a long fusion into the upper thoracic
spine that develops proximal junctional kyphosis (PJK)
and an excessive T'1 slope (T'1S) that is non-physiological.
The loss of disc height following degeneration typically
starts anteriorly within the disc, which leads to further axial
load in the anterior column. This change in cervical spine
biomechanics causes vertebral body wedging, leading to

© Journal of Spine Surgery. All rights reserved.

Ogura et al. Etiology and treatment of cervical kyphosis

Figure 2 Degenerative cervical kyphosis. Multiple-level disc
collapse and osteophytes at C4-5 are observed.

subsequent kyphosis.

Ankylosing spondylitis

Ankylosing spondylitis is seronegative spondyloarthropathy
with known association with the major histocompatibility
complex antigen HLA-B27 (25). The typical deformity is a
combination of a thoracic hyperkyphosis and loss of lumbar
lordosis with the forward shift of the head. This deformity
progresses, resulting in fixed sagittal imbalance. Cervical
spine typically shows cervical and/or cervicothoracic
junction kyphosis (a chin-on-chest deformity: Figure 3),
leading to difficulty with horizontal gaze, swallowing,
chewing, ambulation, laying flat, and activities of daily
living. Patients with ankylosing spondylitis also tend to have
osteoporosis as a result of stress shielding (26). In addition,
the spine in ankylosing spondylitis loses flexibility and acts
like a long bone, becoming susceptible to major injury even
with minor forces (27,28). Consequently, post traumatic
cervical kyphosis, with or without translation, may develop
following minor trauma resulting in the development
of an acute cervical kyphotic deformity and progressive
neurologic injury.

Clinical presentation

The most common symptom is neck fatigue and pain.
Neck pain results from degeneration of the discs and
facet joints, or increased stress on the posterior soft
tissue and musculature in an attempt to hold the head in
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Figure 3 Typical spinal deformity in ankylosing spondylitis.
Cervical spine typically shows cervical and/or cervicothoracic
junction kyphosis.

a biomechanical advantageous position. The head needs
to be perfectly centered over the thorax or within pelvic
“cone of balance” or the mechanical imbalance severely
stresses the circumferential cervical musculature resulting
in fatigue, imbalance, increased energy expenditure and
muscle strain (29). Cervical kyphosis is often associated
with myelopathy and/or radiculopathy as well. A severe
kyphosis can cause problems with appearance, horizontal
gaze, swallowing and breathing.

Radiographic evaluation

Standard evaluation includes static and dynamic cervical
radiographs. Standing anteroposterior and lateral 36-inch
radiographs are also useful to assess global spinal alignment
(30-34) as a close relationship exists between the cervical
and thoracolumbar spine. Cervical kyphosis may be primary
or reciprocal due to thoracolumbar deformity. Thoracic
kyphosis and thoracolumbar alignment directly affect
the cervical alignment to maintain horizontal gaze (35).
Furthermore, 53% of adult patients with a thoracolumbar
deformity have a concomitant cervical deformity (36). It
is optimal to obtain both dedicated cervical and 36-inch
radiographs because clavicle position caused a decrease
in the T1S (37,38). Computed tomography scans with
reconstructions and magnetic resonance imaging (MRI) are
also mandatory for patients undergoing corrective surgery,
as they provide more detailed information about bony
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Figure 4 Lateral cervical X-rays showing the method for

measuring C2-7 cervical lordosis (CL).

structures, neural elements and stenosis, vertebral artery
anatomy, areas of fusion mass or previous laminectomy, and
the presence of pseudarthrosis.

Radiographic measurements allow surgeons to evaluate
the extent of deformity and set goals for operative correction.
Comprehensive measurements, including CL, C2-7 sagittal
vertical axis (SVA), chin-brow to vertical angle (CBVA),
T1S, should be evaluated during surgical planning (31).
Unlike spinopelvic parameters for thoracolumbar deformity,
radiographic parameters in the cervical spine that affect
health-related quality of life (HRQOL) have not been
well defined (39,40). However, there are a few studies that
have shown parameters associated with HRQOL. Oe ez 4.
investigated cervical alignment in volunteers aged over
50 and demonstrated that C2-7 SVA, T1S, and T1S-CL
negatively influenced EQ-5D (41). Hyun ez 4/. showed that
C2-7 SVA >40.8 and 70.6 mm, and T'1S-CL >20° and 25°
were associated with moderate and severe disability following
multilevel posterior cervical fusion surgery, respectively (42).
A C2-7 SVA >40 mm was reported to be correlated with
increased disability in patients undergoing posterior cervical
fusion (43). Ajello ez al. showed that a C2-7 SVA <25 mm and
CL/C7 slope >0.7 were correlated with positive outcomes
following anterior cervical arthrodesis (44).

CL is measured by the angle between perpendicular lines
drawn along the C2 and C7 inferior endplates (Figure 4).
Previous studies showed that normal CL measured from
C2-7 ranged from 10.5° to 20.3° (45-47). Harrison posterior
tangent method is another measurement method for CL
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Figure 5 Lateral cervical X-rays showing the method for

measuring C2-7 sagittal vertical axis (SVA).

Figure 6 Lateral cervical X-rays showing the method for

measuring T1 slope.

that may have less standard error of measurement, in which
CL is measured by the angle between tangents drawn at the
posterior body margins of C2 and C7 (48). Surgeons should
move towards better measurement methods as the literature
changes.

High cervical angle is also commonly used, which is
measured by the angle between the McGregor line and
the lower C2 endplate. This angle has an average value of
15.81° and work with CL inversely (49).

The C2-7 SVA is used as an index of regional sagittal
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CBVA

Figure 7 A schema showing the method for measuring chin-brow
vertical angle (CBVA).

alignment of the cervical spine. C2-7 SVA is defined as the
distance between the plumb line falling from the centroid of
C2 and vertical line drawn from posterior superior endplate
of C7 (Figure 5). Iyer et al. examined cervical alignment
in 115 asymptomatic patients from upright radiographs
obtained from EOS imaging system and showed a mean
C2-7 SVA of 21.3 mm (45).

The T1S, the angle between the T1 upper end plate
and the horizontal plane (Figure 6) is influenced by the
alignment of thoracolumbar spine, pelvis and lower
extremity. The T1S determines the amount of CL required
to maintain the center of gravity of the head in a balanced
position and ranges from 21° to 37°, being higher in older
patients (30,41). Similarly, thoracic inlet angle (TTA) is
another patient-specific parameter to predict physiological
alignment of the cervical spine. TIA is measured by the
angle subtended by a line drawn perpendicular through the
center of the superior endplate of T1 and a line from the
midpoint of the superior endplate of T'1 to the apex of the
manubrium (41-43,50).

CBVA is an indirect measure of horizontal gaze and
can be measured from clinical photographs or full-body
EOS X-rays between the chin-brow line and the vertical
line (Figure 7). A CBVA is positive when the head is tilted
downwards. Lafage ez al. report that a CBVA between -4.8°
and +17.7° correlated with less disability (51), while Suk
et al. found that the correction of CBVA between -10°
and 10° had better horizontal gaze (52) in patients with
ankylosing spondylitis patients undergoing pedicle
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subtraction osteotomy (PSO) for kyphotic deformity. Song
et al. showed a postoperative CVBA between 10° and 20°
had higher satisfaction with good visual field related quality
of life and subjective appearance (53). These reports imply
correction to neutral or a slight downward head tilt may
achieve the optimal clinical outcome.

Classification

There has not been a standardized classification for cervical
spinal deformity. Ames et a/. developed a novel cervical
deformity classification using a modified Delphi approach
in 2015 (54). This classification includes a deformity
descriptor and 5 modifiers. A deformity descriptor provides
a basic grouping of the deformity consisting of five types;
C (cervical), CT (cervicothoracic), T (thoracic), S (coronal
cervical deformity), and CV] (cranio-vertebral junction
deformity). The first three types are selected based on the
apex of the cervical deformity. Type S is a deformity with
a C2-7 coronal Cobb angle >15°. Type CV] represents
primary cranio-vertebral junction deformities. The five
modifiers include C2-7 SVA, horizontal gaze (CBVA), T'1S-
CL, myelopathy based on modified Japanese Orthopaedic
Association score, and SRS-Schwab classification for
thoracolumbar deformity.

Non-surgical treatment

Non-surgical treatment is indicated for mild cervical
kyphosis and patients who cannot have surgery. There
is a scarce evidence in the effectiveness of conservative
treatment for cervical kyphosis. Moustafa et al. conducted
a randomized control trial to examine if Denneroll cervical
traction (Denneroll Industries, Sydney, Australia; http://
www.denneroll.com) improved cervical kyphosis. After
10 weeks of the intervention, Denneroll cervical traction
improved cervical alignment and the improvement was
maintained until one year follow-up (55). Further study is
necessary to validate.

Surgical treatment

The procedure or combination of procedures selected
for correction of cervical kyphosis depends on the degree
of kyphosis, the rigidity of the deformity and the quality
of the bone. Specific surgical techniques include anterior
cervical discectomy and fusion (ACDF), anterior cervical
corpectomy and fusion (ACCF), anterior osteotomy (ATO),
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Smith-Petersen osteotomy (SPO), PSO, or any combination
of these techniques. The goals of surgical treatment include
correction of deformity, decompression of the neural
elements, and spinal stabilization with solid bony fusion
while avoiding complications.

Surgical planning

Surgical planning depends on multiple factors: (I) symptom
pattern; (II) neurologic status and presence of neural
compression; (III) etiology of the deformity; (IV) location,
flexibility and characteristics of the deformity; (V) previous
surgeries; (VI) presence of ankylosis and/or a fusion mass;
(VII) presence of degenerative changes at the proximal/
distal end vertebral levels and the cervicothoracic junction;
(VIII) patient medical comorbidities; (IX) vertebral artery
anatomy (especially at C1 & C2) and (X) bone quality.

The amount of correction should be assessed using the
radiographic parameters that were described above. No
universal normal range is determined, however, current
available evidence suggests that T1S-C2-7 lordosis <15°,
C2-7 SVA <40 mm, CBVA between —10° and +20° are
generally acceptable ranges (45,52-54). Based on this
information, the approach (anterior, posterior, or combined)
and type of osteotomy can be chosen.

Decision making process

The most important goal is to know how much correction
is obtained through each procedure. On average, single
level ACDEF, SPO, PSO, and ATO yield 3°-5°, 10°, 35°,
and 17° of lordosis correction, respectively (56,57). PSO is
the most powerful correction tool, however, a recent study
showed that an AT'O with SPOs provided equal or better
corrections than a PSO with shorter hospital stay, less
neurological injury and blood loss (57,58).

If anterior compressive pathology such as an osteophytic
bar or calcified disc is present, then an anterior approach is
typically necessary to achieve adequate decompression. If
the integrity of the anterior column is compromised, such
as infection or tumor cases, then anterior reconstruction is
also required.

Next, the flexibility of the deformity should be assessed
on dynamic X-rays. If the cervical spine is flexible and
the kyphosis is corrected on extension without anterior
compressive pathology, a posterior-only approach may be
possible. If the deformity is rigid, anterior and/or posterior
ankylosis should be evaluated using computed tomography
scan. If the facets are not fused, anterior-only correction
may be possible, although posterior augmentation may
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Figure 8 A schema showing anterior osteotomy (ATO). Former

disc space is being drilled out.

be necessary in case of multilevel procedures (anterior-
posterior approach). If the facets and anterior column are
fused, a posterior release is necessary prior to anterior
correction, followed by posterior instrumentation and
fusion with or without additional osteotomy depending
on the extent of correction needed (posterior-anterior-
posterior approach). In severe and rigid kyphotic
cases, intraoperative traction may be necessary. It is
recommended to use Gardner-Wells tongs with bivector
traction to allow for adjusting the neck position in either
flexion or extension during surgery (59).

The location of kyphosis is also important. A focal
kyphosis in the mid-cervical spine often can be corrected
via anterior corpectomy. If a severe focal kyphosis is
present at the cervicothoracic junction, as often seen in
the case with ankylosing spondylitis, a C7 or T'1 PSO may
be performed to correct the focal kyphosis either at the
junction or below at T3.

Anterior approaches

ACDF/ACCF

ACDF is effective in restoring lordosis in cases without
ankylosed facets. A single-level ACDF improved the
segmental CL by 6.45°, and the overall C2-7 CL by 3.46°
at 1 year (56). Multi-level ACDF is generally more effective
than a single long corpectomy in restoring lordosis, as
multi-level cervical discectomy provides multiple distraction
points.
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After standard exposure, anterior release, including disc
and osteophytes, is performed. It is important to resect the
uncinate processes to maximize deformity correction. After
release and distraction, lordotic cages or grafts are placed
at each level. A plate is placed anteriorly to the cervical
spine. To generate additional correction, the plate can be
contoured into the desired lordosis although this technique
requires good bone quality.

Patients with severe kyphosis or ventral spinal cord
compression posterior to the vertebral body may require a
corpectomy to achieve adequate decompression and clear
visualization of the spinal canal. Manual cervical distraction
or distraction pins facilitate the placement of a structural
bone graft or a cage into the corpectomy site.

Multi-level ACDFs can be an effective tool in restoring
CL. However, the rate of pseudoarthrosis is relatively high
ranging from 2.5% to 44% (60,61). Retrospective review
of two- and three-level corpectomies with strut graft and
anterior plate fixation showed failure rates of 6-9% and
50-71%, respectively (62,63). Thus, additional posterior
fixation is required to facilitate fusion in multi-level cases
as well as osteoporotic cases. Hybrid corpectomy and
discectomy may be more advantageous than multi-level
corpectomy to decrease the risk of pseudarthrosis and
instrumentation failure as this procedure provides additional
fixation points of the anterior plate but clinical superiority
has yet to be demonstrated (64).

ATO

In a rigid deformity, it is sometimes hard to identify the
disc space, and lateral dissection and identification of
uncovertebral joint can help identify the former disc space
(Figure 8). Once the former disc space is identified, Caspar
distraction pins are placed perpendicular to the anterior
plane above and below the levels of the resection to aid in
generating lordosis. The entire width of the original disc
space is taken down using high-speed burr. Bony resection
is performed posteriorly to the level of the posterolateral
ligament with the burr. Lateral bony resection is performed
with caution to avoid vertebral artery injury.

Once the osteotomy is complete, kyphosis correction
is done by using a vertebral spreader and pressing on the
forehead. A structural graft is placed in the anterior half of
the disc space followed by anterior plate with fixed-angle
screws. If additional posterior correction is necessary, a
buttress plate. Alternatively, a dynamic cervical plate, which
allows for translation, may be used to hold the graft(s) in
place.
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Figure 9 A schema showing cervical Smith-Peterson osteotomy
(SPO). Both the superior and inferior articulating facets along
with the ligamentum flavum, lamina, and spinous processes were

removed.

Posterior approaches

Posterior cervical column osteotomy (SPO)

Single level SPO can yield about 10° of lordosis but require
resecting both the superior and inferior articulating facets
along with removal of the ligamentum flavum, lamina, and
spinous processes (Figure 9). A posterior cervical column
osteotomy (SPO) allows posterior-only correction but
requires anterior disc mobility, preferably of near normal
height to obtain kyphosis correction by pivoting the bodies
through the mobile disc. In general, multi-level posterior
column osteotomies (SPO) are needed to obtain the desired
correction, which increases the risk of pseudarthrosis.
Iatrogenic nerve root compression can occur during
correction if the bony resection is inappropriate.

PSO

A cervical PSO is a powerful tool for deformity correction and
a single level PSO provides about 35° of lordosis (Figure 10).
A cervical PSO is technically demanding and may be indicated
in severe fixed cervical kyphotic deformities. A cervical PSO
is generally performed at C7 or below for several reasons: (I)
the vertebral artery is anterior to the C7 transverse process;
(II) spinal canal is larger and mobility of the spinal cord at
C7-T1 is higher; (IIT) C8 nerve root injury does not cause
a catastrophic outcome in hand function. Of note, vertebral
artery goes through the C7 foramen transversarium in up to 5%
of the patients. Therefore, it is critical to carefully review the

© Journal of Spine Surgery. All rights reserved.

429

Cc7

QLU

O tormhennd sis. ceorce.

Figure 10 A schema showing cervical pedicle subtraction osteotomy
(PSO). After a complete laminectomy of C7, and removal of the
inferior half of the C6 lamina and the superior half of the T'1 lamina,
the lateral masses of C7 is removed. A burr is then passed through
the pedicles into the vertebral body of C7 for decancellation. Once a
cavity is created in the C7 body, curettes and pituitary rongeurs can

be used to remove the remaining bony walls of the pedicles.

preoperative images to check for any vascular anomaly. In that
case, a PSO should be performed at T'1.

Bone graft options

A structural bone graft (iliac crest or fibula) or cages can be
used for structural support and should be wide enough to
span from uncinate to uncinate. Structural grafts should be
taller anteriorly than posteriorly and allow for 1-2 mm of
subsidence. If subsequent posterior correction is necessary,
the surgeon should make sure that the posterior aspect of
the endplates behind the graft are not touching.

Several graft options can be used for structural cages
made of PEEK (poly-ethyl-ethyl ketone) or titanium.
Morselized iliac crest autograft or allograft, local autograft,
and recombinant human bone morphogenetic protein 2
(BMP-2) can be placed in the cage. BMP-2 has been
associated with inflammatory reactions and airway
obstruction when used in the anterior cervical spine and
should be used with caution.

Complications

Smith ez al. report that the overall early complication rate
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was 43.6%. The most common complications included
dysphagia (11.5%), deep wound infection (6.4%), C5 palsy
(6.4%), and respiratory failure (5.1%). Early complication
rates were significantly different based on surgical approach:
anterior-only (27.3%), posterior-only (68.4%), and anterior-
posterior/posterior-anterior-posterior (79.3%) (65). Smith
et al. reported all-cause mortality at a mean of 1.2 years
following surgery was 9.2% (66). Similarly, Etame et al.
reviewed the literature on outcome after cervical deformity
surgery (67). They reported mortality rate of 2.3%,
major medical complication rate of 3.3%, and the rate
of neurological complication rate of 13.5% (67). They
also reported complication rates as dysphagia (2.5%),
hoarseness due to vocal cord paralysis (3.4%), and need for
tracheostomy (1.8%) or gastrostomy tube (2.3 %), durotomy
(1.0%), and pseudarthrosis (3.8%).

The most catastrophic complication is neurological injury.
The overall rate of neurological injury is approximately
23% after cervical extension osteotomy with permanent
neurologic complication rate being 4.3% (58). C8 nerve
root palsy seems to be the most common neurological deficit
with reported incidence of 19-38% although it is transient
in most cases (68,69).

Injury to vertebral artery is rare but could happen when
decompression extends lateral to the vertebral body and
enter the transverse foramen or when there is an anomaly in
the path. Manual pressure and hemostatic agents are used to
control hemorrhage. Direct exposure and repair are suitable
if possible and if required interventional radiology can stint
or embolize the vertebral artery if required.

Limitations

There are several limitations in this review article. First, there
are other etiologies that were not discussed here although
those are not major etiologies. Universal classification has
not been developed yet. In addition, surgical strategy may be
at surgeons’ discretion in many instances.

Conclusions

The primary etiologies of cervical kyphosis include
degenerative, infection, post-laminectomy, and ankylosing
spondylitis. Cervical kyphosis can cause not only neck
pain, myelopathy, and radiculopathy, but also problems
with horizontal gaze, swallowing or breathing. CL, C2-7

SVA, CBVA, and T1S should be evaluated from upright
lateral 36-inch film. Comprehensive preoperative planning
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is required, which includes (I) symptom pattern; (II)
neurologic status and presence of neural compression;
(IIT) etiology of the deformity; (IV) location, flexibility and
characteristics of the deformity; (V) previous surgeries; (VI)
presence of ankylosis and fusion mass; (VII) presence of
degenerative changes at the proximal/distal end vertebral
levels and the cervicothoracic junction; (VIII) patient
medical comorbidities; (IX) vertebral artery anatomy
(especially at C1 & C2) and (X) bone quality. Current
treatment options include anterior discectomy and fusion,
ATO, Smith-Peterson osteotomy, PSO, or a combination of
these based on careful preoperative evaluation.

Our review article presents comprehensive findings on
cervical kyphosis. This article would provide a broad range
of current findings on cervical kyphosis and be a useful tool
for clinicians.
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