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from tethering of the cord by the dentate ligaments. This may 
adversely affect the spinal cord vasculature and lead to wors-
ened myelopathic symptoms.8,9 Patients with severe deformity 
may present with swallowing dysfunction and in some cases 
nutritional deficiency, compromise of horizontal gaze, and 
compromised breathing.10,11

CLINICAL EVALUATION
The clinical examination should elicit the degree of deformity, 
the overall sagittal and coronal balance, and whether there is 
some flexibility of the deformity. It is important to evaluate 
the patient’s overall posture and gait, which can provide 
important clues as to the degree of deformity.

The deformity should be evaluated radiographically as 
well. The cervical deformity is evaluated using static upright 
and dynamic (flexion-extension) radiographs. The thoracic 
spine should be evaluated if deformity is suspected at the 
cervicothoracic junction. The use of radiographs allows the 
sagittal angle of the deformity to be measured (Fig. 149-1) and 
other abnormalities to be identified, such as subluxation and 
pseudarthrosis. Pseudarthrosis and existing fusion can be 
better clarified by using a thin-cut computed tomography (CT) 
scan. The ability of the alignment of the cervical spine to be 
reduced can also be assessed with extension or supine radio-
graphs. Standing long-cassette radiographs can be useful to 
assess overall sagittal balance. In designing the treatment  
strategy, thoracic hyperkyphosis, lumbar hyperlordosis, and 
ankylosed joints must be taken into account.

All patients should be evaluated with preoperative mag-
netic resonance imaging (MRI) or CT myelography to evaluate 
for any compressive pathology. Compressive pathology can be 
addressed with a variety of modalities depending on the direc-
tion of compression. If ventral compressive pathology is 
present, this must be decompressed prior to correction of the 
deformity.

DEFORMITY CORRECTION STRATEGIES
The cervical spine may be exposed to coronal plane, rota-
tional, axial (subsidence), or, most commonly, sagittal plane 
deformation stresses. It is important to establish goals of treat-
ment prior to surgery. Decompression of the neural elements 
should be the first priority. Most commonly, the surgical 
approach will address the compression directly, but occasion-
ally this is dealt with indirectly by deformity correction. Ferch 
and associates12 demonstrated an association of improved 
myelopathy with restored lordosis in cervical kyphotic defor-
mity patients. Fusion at abnormal levels may also prevent 
damage to the cord from micromotion.

Sagittal plane deformity may be addressed ventrally,13-18 
dorsally,19-21 or both.18,19,22-27 If there is imaging evidence of 
ventral compression, then a ventral procedure should be con-
sidered. If the deformity is fixed ventrally without dorsally 
fused joints, then a ventral decompression with fusion can be 
used to correct the kyphosis. If the dynamic radiographs dem-
onstrate normal movement and a normal lordosis can be 
achieved in extension, then a dorsal surgical reconstruction 
can adequately address the pathology. If the deformity is fixed 

Kyphotic cervical spine deformity can be caused by advanced 
degenerative disease, systemic arthritides, trauma, neoplastic 
disease, and postsurgical (iatrogenic) causes.1 The most 
common cause is postsurgical developments.2

Subaxial cervical deformities most commonly occur in the 
sagittal plane and primarily develop a kyphotic deformity. 
Scoliotic coronal plane deformities are uncommon in the cer-
vical spine. However, when they do occur, they are most often 
the result of congenital vertebral anomalies.

The postsurgical development of cervical kyphosis can 
follow both ventral and dorsal approaches. Following ventral 
approaches, kyphosis may develop secondary to pseudarthro-
sis or failure to restore anatomic cervical lordosis during 
surgery. Ventral discectomy without graft placement is associ-
ated with a 33% rate of kyphosis.3 Following dorsal surgery, 
kyphosis may develop and progress secondary to disruption 
of the dorsal elements (interspinous ligaments, laminae, and 
facet joints). The incidence of kyphosis after laminectomy 
ranges from 14% to 47%.4,5

Cervical kyphosis is a biomechanically unfavorable 
kyphotic cervical deformity of the cervical musculature. The 
kyphosis tends to progress as axial loads of the head produce 
a bending moment through the moment arm of the cervical 
spine.6 This action often produces mechanical pain that 
improves when the patient is supine.7 Often, excessive degen-
eration of the cervical discs occurs, which contributes to cervi-
cal pain. As the kyphosis progresses, the patient’s field of view, 
swallow, and respiration may be affected. The patient may 
develop low back pain and accelerated degeneration by hyper-
lordosing the lumbar spine to accommodate for the cervical 
deformity.

CLINICAL PRESENTATION
Patients often present with mechanical neck pain. This pain is 
typically worse in when the patient is in the upright position 
and with exertion, and it improves with rest and recumbency. 
Patients can also present with radiculopathy or myelopathy 
from compression on neural elements. As the kyphosis 
worsens, there is increased stress on the ventral spinal cord 

• Kyphotic cervical deformity can result in both 
neurologic deficits and functional difficulties.

• Imaging is important in determining the degree of 
kyphosis and treatment strategies.

• Ventral, dorsal, or combined approaches may be used 
in deformity correction.

• Decompression of neural elements should take first 
priority in deformity correction.

• Complications are common following correction of 
kyphotic cervical deformity, but most of these 
complications are transient and long-term outcomes 
are favorable.

SUMMARY OF KEY POINTS
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Figure	 149-1. Measuring the angle of lordosis and kyphosis. 
Although these angles can be measured segmentally, they can also 
be calculated by using the bodies of C2 and C7 for an overall measure-
ment of sagittal angle. A negative angle is lordotic; a positive angle is 
kyphotic. 

Lordosis
(�)

Kyphosis
(�)

Figure	 149-2. Chin-brow vertical angle. Although there is not an 
optimal degree of correction, this angle should be reestablished nearer 
to 0 degrees so that the patient can see the horizon but not so high 
that the patient is unable to see where his or her feet are going. 

Figure	 149-3. Use of padding to aid in deformity correction. 
A, Place padding beneath the patient’s head prior to decompression 
to keep the spine neutral or slightly extended. B, Once decompression 
is complete, remove the padding to allow the neck to be further 
extended. (Copyright Cleveland Clinic Foundation.)

A
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owing to dorsally fused joints (ankylosing), then a dorsal 
osteotomy can be used to correct the kyphosis.10,11,28 Finally, a 
flexible deformity can be corrected posturally or with traction 
and then be fused dorsally.

The goal for restoration of sagittal alignment is unclear. A 
definition of normal lordosis does not exist. However, Gore 
and colleagues measured lordotic angles in the cervical spine 
of patients with osteoarthritis using the perpendicular of the 
C2 and C7 vertebral bodies. Lordosis of 16 to 22 degrees was 
observed in men and 25 degrees in women.29 However, it is 
likely that if a patient is not restored to neutral or a lordotic 
posture, the deformity will continue to progress over time. 
Another useful measure, especially in rigid cervical kyphosis 
(e.g., ankylosing spondylosis), is the chin-brow vertical angle, 
which will help to determine whether the patient will be able 
to see the horizon (Fig. 149-2). Finally, overall sagittal and 
coronal balance is important. Ideally, the head should be bal-
anced over the sacrum.

TRACTION
Traction can be used as the initial tool in the evaluation of the 
surgical approach to kyphosis. If the deformity can be cor-
rected with traction, then dorsal fixation can be used to hold 
the correction for fusion. Traction can be applied for a trial of 
3 to 5 days. Muscle relaxants may be utilized to aid in the 
reduction process. Typically, the patient is taken to the operat-
ing room with the traction applied. If traction has not reduced 
the deformity after 5 days, it is unlikely to be of benefit.

VENTRAL STRATEGIES
The ventral approach to the cervical spine is common and has 
low morbidity. It allows ventral decompression, deformity 
correction, and reconstruction with corpectomy grafts, multi-
level ventral cervical grafts, or a combination of both. This 

approach also allows for a greater ability to manipulate the 
spine compared to the dorsal approach.

The ventral strategy uses both posture and biomechanical 
principles to correct the cervical deformity. Initially, position-
ing the head on a towel or foam doughnut with the neck in a 
neutral or only slightly extended position allows adequate 
exposure for the approach but without compromising the 
spinal cord. After the decompression is complete, the towel or 
doughnut can be removed, allowing further extension of the 
cervical spine (Fig. 149-3).
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Distraction posts should be placed into the vertebral bodies 
in a convergent manner (Fig. 149-4A). This will allow distrac-
tion on the posts to provide further lordosis (Fig. 149-4B).

Long-segment corpectomies, greater than two vertebral 
bodies, have been used to correct ventral deformity. However, 
the authors believe that long-segment corpectomies should be 
avoided. Biomechanical studies show that three-segment cor-
pectomies allow more movement than two-level corpectomies 
do.30 Long-segment corpectomies are more likely to fail at the 
terminal end because of the amount of force at the terminal 
screw-bone interface. Vaccaro and coworkers found that the 
early failure rate of two-segment corpectomies was 9% com-
pared with 50% for three-segment corpectomies.31 In straight 
or kyphotic spines, corpectomies do not maintain as much 
sagittal angle correction as they do in lordotic spines.32

An alternative method for ventral correction is multilevel 
discectomy and fusion or a combined short-segment corpec-
tomy. Leaving an intermediate vertebral body allows adequate 
decompression and provides additional intermediate fixation 
points for security of fixation and deformity correction (Fig. 
149-5). Wei-bing and coworkers33 showed that two-level cor-
pectomies had a higher rate of plate and graft migration 
requiring reoperation than did a combined construct of one-
level anterior cervical discectomy and fusion (ACDF) plus 
one-level corpectomy. Oh and colleagues34 did not show a 
difference in clinical outcome between single-level corpec-
tomy versus two-level ACDF.

Figure	149-4. Distraction after placement technique to improve 
lordosis. A, Posts should be placed so that they converge. B, Distrac-
tion on the posts then allows for reestablishing kyphosis. (Copyright 
Cleveland Clinic Foundation.)

A

B

Figure	149-5. Leaving a vertebral body as an intermediate point of 
fixation is beneficial in providing an additional point of fixation to 
improve the lordosis of the construct and rigidity. (Copyright Cleveland 
Clinic Foundation.)

The degree of correction required must be considered pre-
operatively to help plan the number of levels to be involved 
for deformity correction. Although this is often simply esti-
mated, some studies may be helpful. Cabraja and associates35 
found that a ventral or two-level corpectomy achieved a seg-
mental correction of 6.2 degrees and an overall cervical lordo-
sis correction of 8.8 degrees. However, using ventral correction 
only, they found that there was an approximately 2-degree  
loss of correction over an average 33-month follow-up period. 
Ferch and coworkers12 demonstrated that a ventral only 
approach can improve overall lordosis an average of 11 degrees. 
Eighty-five percent of the patients in their series were restored 
to neutral or lordotic alignments.

DORSAL STRATEGIES
It is uncommon to use a dorsal strategy alone to correct cervi-
cal deformity because it is difficult to reduce a kyphotic defor-
mity and achieve adequate lordosis from a dorsal approach 
alone. But if the deformity is flexible and no ventral decom-
pression is required, then it should be possible to correct the 
deformity from a dorsal approach alone. If there is evidence 
of ventral compression, then a combined approach should be 
considered.

The deformity should be reduced, with traction begun 
prior to the operation and continued into the operating room 
if deemed appropriate. This maintains alignment and control 
during the course of instrumentation and rod contouring. The 
patient’s head should be held in a three-point head holder to 
maintain reduction. Alignment should be confirmed clinically 
by examining the patient’s head position prior to draping and 
radiographically with a lateral radiograph or fluoroscopy.

There are many instrumentation choices. The most 
common method is lateral mass fixation at the levels of C3-6. 
The C7 lateral masses are often not large enough to hold  
a screw, and screw placement often makes it difficult to  
align rods across the cervicothoracic junction. Lateral mass 
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with the aid of fluoroscopy and direct visualization. The dorsal 
instrumentation may then be placed and contoured to secure 
deformity correction. Rib or iliac crest bone graft can then be 
harvested to provide autogenous bone graft. The patient will 
then again be placed supine, and the ventral strut graft can be 
placed and secured with ventral instrumentation. Utilizing 
this combined approach, Abumi and associates19 were able to 
improve preoperative kyphosis of 30.8 degrees to 0.5 degrees 
at final follow-up.

EXTENSION OSTEOTOMY
Some cervical kyphotic deformities—for example, ankylosing 
spondylosis—may produce an extreme fixed flexion deformity 
at the cervicothoracic junction. This deformity can be treated 
with an extension osteotomy at the cervicothoracic junc-
tion.28,39,40 The procedure as initially described was performed 
under local anesthesia with the patient awake and sitting.11,28,39 
However, this was primarily due to early limitations in intu-
bating patients with severe kyphotic deformity. Subsequently, 
the procedure has been described under general anesthesia in 
the prone position with intraoperative nerve monitoring.11 
Positioning the patient remains a significant challenge, owing 
to the degree of deformity. Positioning often requires addi-
tional padding and table adjustment to gain access for a dorsal 
approach. The head must be placed in a halo frame and 
attached to an adjustable head holder.

After positioning the cervicothoracic junction is exposed. 
A wide laminectomy is performed at C7 with partial laminec-
tomy at C6 and T1. The spinous process of C6 is removed. The 
ankylosed C7 and T1 facet joints are then removed to expose 
the C8 nerve roots beyond the foramina. Then the C6 and T1 
pedicles are removed to avoid impingement (Fig. 149-6). One 
surgeon then adjusts the head while the other surgeon watches 
for evidence of impingement or subluxation. Electrophysio-
logic monitoring continues as the deformity is corrected. If a 
change is noted, leads should be checked, and blood pressure 
should be optimized. If the signals do not correct, the dura 
should be evaluated for compression. If none of these correct 
the signals, the deformity can be returned to its original align-
ment. A wake-up test can also be considered.

As the kyphosis is corrected, a fracture will eventually 
develop ventrally. This is the most difficult portion of the 
operation to control. Various instrumentation and techniques 
have been used to try to control this portion of the reduction, 
including articulated halo jackets,28 prebent loops and wires,41 
temporary malleable rods,42 and hinged rods.43 Tokala and 
colleagues44 described a more ventrally based wedge osteot-
omy to try to allow a more controlled closure.

Other surgeons have described using a ventral release prior 
to the dorsal osteotomy to help control the correction.45-47 
However, this can be a difficult approach in patients with 
severe chin-on-chest deformities.

INSTRUMENTATION TECHNIQUES
Ventral cervical plates, either constrained or nonconstrained, 
can be used for multilevel fusions and will allow stabilization 
for fusion and also achieve lordosis.48 Dynamic ventral fixa-
tion devices allow sagittal correction along with controlled 
deformation in the axial plane.6 The controlled subsidence 
encourages bone healing via Wolff’s law and also offloads 
stresses at the screw-bone interface. Nunley and colleagues49 
found that there was improved clinical outcome with dynamic 
plates rather than fixed plates.

There are many options for dorsal instrumentation. Inter-
spinous wiring may be used, but lateral mass fixation has been 
shown to provide greater rigidity than wire fixation alone.36 

fixation might not be an optimal stabilizing anchor in some 
patients.20,23,36

If no decompression is performed, interspinous wiring can 
be performed. However, this procedure is performed less com-
monly, owing to the advent of lateral mass instrumentation.

It is also possible to use cervical pedicle screws for the 
dorsal correction of cervical deformity. Abumi and colleagues19 
demonstrated their usefulness in deformity correction, achiev-
ing a correction from 28.4 to 5.1 degrees of kyphosis with all 
patients achieving solid fusion. It should be emphasized that 
lordosis was not achieved with the dorsal procedure alone. 
Kotani and coworkers37 demonstrated that these screw systems 
are biomechanically equivalent to combined ventral plate and 
dorsal wiring.

If dorsal decompression is not necessary, the spinous pro-
cesses and lamina can remain intact as a surface area for 
fusion.

COMBINED STRATEGIES
In general, combined ventral and dorsal approaches improve 
deformity correction because they allow ventral lengthening 
with dorsal shortening. In fixed (or inflexible) deformity with 
ankylosed dorsal elements, a combined ventral and dorsal 
approach may be required. Also, if the deformity involves the 
cervicothoracic junction, a combined approach should be 
considered. The addition of a dorsal construct aids in prevent-
ing deformity progression at the cervicothoracic junction by 
using a long moment arm strategy.38

Identifying the goals of the operation is key to planning a 
combined approach. Decompression of neural elements is the 
first priority. The subsequent goal should be deformity correc-
tion. These two goals are often managed concurrently. The use 
of lordotic grafts or well-shaped corpectomy struts aids in 
deformity correction. Consideration must then be given to 
where the spine is fused. If the spine is fused primarily ven-
trally, then the deformity can be corrected ventrally. The length 
of the construct and degree of deformity may necessitate addi-
tional dorsal instrumentation. Rarely, a dorsal-only approach 
can be performed, but the degree of correction is limited. To 
achieve correction of a spine that is fused ventrally and dor-
sally, both sides must be released. This necessitates “540-
degree” surgery, starting with a dorsal release, followed by 
ventral release, deformity correction, instrumentation and 
arthrodesis, and then a subsequent dorsal instrumentation 
and arthrodesis.

Ankylosing spondylosis often requires a 540-degree proce-
dure. A dorsal osteotomy is performed first. Some authors 
have proposed performing a C7-T1 osteotomy under local 
anesthesia in the seated position.39 After the osteotomy is 
performed, the patient can be placed in the supine position, 
and a ventral corpectomy or multilevel ACDF can be per-
formed to allow decompression and ventral release for the 
correction of the deformity. Ventral instrumentation can then 
be applied. Careful attention should be paid to the patient’s 
chin-brow vertical angle, which can help to determine whether 
the patient will be able to look to the horizon and in front of 
himself or herself when walking. Owing to the large moment 
arm above and below the level of the fusion, dorsal instru-
mentation should also be used to prevent later deformity. The 
stages of the operation often need to be tailored depending 
on the basis of the anatomy of the deformity.

If the deformity is to be corrected by using a 540-degree 
approach, a ventral decompression and release should be per-
formed without graft or instrumentation. The patient may 
then be positioned prone to expose the dorsal cervical spine. 
At this point, an assistant may adjust the head holder to 
achieve the appropriate alignment that should be determined 
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expert anesthesia to administer, and because it takes time to 
perform, the critical time window for reversal of the deficit 
may be missed.

Electrophysiologic recording allows for intraoperative 
monitoring of neurologic function. The most common 
modalities used are somatosensory-evoked potentials (SSEPs) 
and motor-evoked potentials (MEPs). SSEPs record continu-
ously; they evaluate primarily information from the dorsal 
columns. MEPs record intermittently from the corticospinal 
tracts. These modalities are sensitive to the types of anesthetics 
used. A common anesthetic protocol is induction with propo-
fol combined with remifentanil and maintenance of general 
anesthesia with isoflurane. Paralytic and nitrous agents should 
be avoided.

Care must be taken in interpreting neurologic monitoring. 
The use of SSEPs alone should be avoided, as there can be 
significant postoperative neurologic deficits despite normal 
intraoperative recordings.57,58 MEPs can be used also and have 
a high sensitivity and specificity, but there are inconsistent 
data regarding the correlation of MEP changes to neurologic 
outcome.40,59 A 20% decrease in amplitude of the MEPs is 
considered a significant neurologic change. In the event that 
this occurs, technical problems should be assessed, and hemo-
dynamic parameters should be optimized. If the amplitude 
remains decreased, the surgical maneuver preceding the 
change should be reversed.60

OUTCOMES
Clinical
There have been no randomized clinical trials evaluating the 
clinical outcome of cervical deformity correction. In studies in 
which horizontal gaze was restored, patients were satisfied 
with their outcomes.44,61 Grosso and associates62 found a sta-
tistically significant relationship between a greater degree of 
focal kyphosis correction and improved neurologic outcomes 
according to the modified Japanese Orthopaedic Association 
score. For patients with severe neurologic symptoms, there was 
also a trend toward improved outcomes with a greater correc-
tion in global kyphosis (p = 0.057).

Cabraja and coworkers35 found a statistically significant 
improvement in the visual analogue scale and modified Japa-
nese Orthopaedic Association Scale for patients receiving 
ventral or dorsal surgery for deformity correction. The study 
did not find a difference between the ventral and dorsal 
groups. Park and colleagues63 reviewed patients treated with a 
ventral approach and found that the Neck Disability Index, 
visual analogue scale, and Nurick scores all significantly 
improved from preoperative baseline measures at an average 
follow-up of 45 months. Using a combined surgical approach, 
Nottmeier and associates described preoperative symptom 
improvement of 97.5%.64 When reviewing the efficacy of 
pedicle subtraction osteotomy for cervicothoracic junction 
kyphosis, Deviren and colleagues65 noted a significant 
improvement in the Neck Disability Index, visual analogue 
scale, and Short Form-36 physical component scores at an 
average follow-up of 23 months.

Radiographic
By using a ventral-only approach, overall cervical lordosis was 
improved in the ventral group by 9 to 32 degrees, and segmen-
tal lordosis improved by 6.2 degrees.64 However, the 2 degrees 
of ventral correction was lost over an average follow-up of  
33 months.35

By using a dorsal-only approach, approximately 6.5  
to 54 degrees of improvement in overall lordosis can be 

Lateral mass and cervical pedicle screws have similar biome-
chanical stability and have been shown to be superior in 
resisting axial rotation compared to cervical laminar hooks.50 
There have not been studies looking specifically at fusion rates 
using lateral mass screws. Cervical pedicle screws are more 
difficult and dangerous to place but may increase load sharing 
across the disc space compared to lateral mass screws.51

Interbody and corpectomy grafts are often used for defor-
mity correction. The choice of grafts includes autologous iliac 
crest, which has a fusion rate of 98% to 100%,52 but there is 
a risk of persistent donor site morbidity.53 The allograft fusion 
rate using fibula is 86.6% when combined with instrumenta-
tion.54 The use of titanium cage with autologous graft has been 
reported to have a fusion rate of 97.8%.55 Other options 
include cages made of polyetheretherketone or carbon fiber 
filled with morselized autologous or allograft bone. Corpec-
tomy grafts are more prone to technical failures, particularly 
at the distal end of long constructs. Sasso and coworkers56 
demonstrated increased failure rates with long (more than 
two-body) corpectomy constructs.

Bone morphogenic protein-2 can be used to promote 
fusion. However, its use in the ventral neck is associated with 
significant soft tissue swelling in 23% to 37% of patients.53 It 
is used primarily to promote dorsal arthrodesis.

INTRAOPERATIVE NEUROLOGIC MONITORING
There are multiple methods to monitor intraoperative neuro-
logic function. The Stagnara wakeup test has been described 
as the gold standard.11,41 The wakeup test definitively deter-
mines the patient’s neurologic function; however, it does take 

Figure	149-6. An extended wedge osteotomy can be used to correct 
severe deformity. A and B, A laminectomy of C7 is performed along 
with partial laminectomies of C6 and T1 (shaded area), including 
spinous processes. The ankylosed C7-T1 facet joints, as well as a 
portion of the C6 and T1 pedicles, are removed bilaterally. C, The spine 
is then extended about the fulcrum of the posterior aspect of C7 and 
T1 (dot). During this maneuver, the spine will fracture ventrally at 
C7-T1, so care must be taken to maintain meticulous control. (Copy-
right Cleveland Clinic Foundation.)

A B

C
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complications are transient. The majority of patients have 
both relief of their mechanical symptoms and improvement 
of their neurologic function.
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achieved.35,66 The chin-brow vertical angle can be corrected an 
average of 35 to 52 degrees.66

Nottmeier and colleagues64 reviewed their combined 
approaches and found that they had an average correction of 
22 degrees. They showed a fusion rate of 97.5%.

Samudrala and associates67 reviewed 8 patients who under-
went pedicle subtraction osteotomy for the correction of cer-
vicothoracic junction kyphosis and found an average correction 
of 36 degrees at the cervicothoracic junction. When reviewing 
11 patients for the same procedure, Deviren and coworkers65 
found a mean chin-brow vertical angle correction of 37 
degrees.

COMPLICATIONS
Complications of the correction of cervical kyphosis are 
greater in the deformity correction patient. This is because 
these cases often involve larger exposures, and in many cases, 
the patients have had prior surgery. In a retrospective review, 
Grosso and colleagues68 found 26 perioperative complications 
in 19 of 76 (25%) patients treated for kyphotic cervical defor-
mity. Combined approaches accounted for 40% of all compli-
cations, with ventral and dorsal approaches accounting for 
30% and 27% of complications, respectively.

Complications of the ventral approach include vocal cord 
palsy, dysphagia, tracheal or esophageal injury, vertebral artery 
injury, graft failure or displacement, hardware failure, and 
fracture and wound complications. Overall operative and peri-
operative complications of 22% to 33% have been reported.52,54

Complications from the dorsal approach include hardware 
failure or fracture, nonunion, vertebral artery injury, and 
wound complications (infection, hematoma). The morbidity 
from the dorsal approach is greater than that from the ventral 
approach, and patients have considerably greater pain in the 
postoperative period.

The dorsal wedge osteotomy for the correction of flexion 
deformity has a potential high incidence of morbidity.11 Com-
plications include infection and respiratory and cardiovascular 
problems. There is a potential for vertebral artery injury during 
the osteotomy or neurologic injury during deformity correc-
tion. The resultant neurologic injury may range from minor 
nerve root irritation to spinal cord compression and quadri-
plegia. After deformity correction, there is risk of subluxation 
of C7 on T1, with resultant bony nonunion.

Circumferential fusion has a complication rate of about 
32% to 33%.22,26 These complications can include neurologic 
deficits, wound infection, plate dislodgement, pseudarthrosis, 
dysphonia, requirement of tracheostomy and percutaneous 
endoscopic gastrostomy tube, and death. Many of these  
are early transient complications, with about 5% persisting 
long term.26

CONCLUSION
Deformity of the cervical spine has multiple causes, the most 
common being prior surgery. Patients may present with symp-
toms related to the deformity itself (e.g., swallowing dysfunc-
tion) or with neurologic deficit. If deformity is causing 
symptoms, it should be corrected. Surgical goals should be 
decompression of neural elements, restoration of lordotic 
alignment, and prevention of further deformity. Controversy 
remains regarding the optimal approach to achieve these 
goals, and some situations may require combined approaches 
(Fig. 149-7). The ventral approach has been found to be most 
beneficial in restoring sagittal alignment. However, the dorsal 
approach has been shown to be beneficial for maintaining 
alignment. There is a greater likelihood of perioperative com-
plications with this type of surgery, but many of these 

Figure	149-7. A, A 60-year-old woman with mechanical neck pain 
and cervical kyphosis 8 years after cervical laminectomy. B, Dynamic 
extension radiograph, showing that the kyphosis is inflexible. C, The 
CT scan demonstrates ankylosed joints. On MRI (not shown), there 
was no evidence of compression. The case was managed with a 
“540-degree” procedure starting dorsally to release the ankylosed 
joints and to place dorsal C2 pars and lateral mass screws. The patient 
was then placed into a supine position, and multilevel ventral interbody 
grafts were placed. Adjustment of intraoperative positioning was used 
to induce lordosis, and a lordotic ventral plate was placed. Intermedi-
ate points of fixation were also used to improve lordosis. The patient 
was then replaced in the prone position, and posterior rods were 
placed. D, The postoperative radiograph demonstrates that the patient 
had improved alignment, and clinically her mechanical neck pain and 
kyphosis improved. 
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