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Adult cervical deformity (ACD) has been shown to have a substantial impact on quality of
life and overall health, with moderate to severe deformities resulting in significant disability
and dysfunction. Fortunately, surgical management and correction of cervical sagittal im-
balance can offer significant benefits and improvement in pain and disability. ACD is a het-
erogenous disease and specific surgical correction strategies should reflect deformity type
(driver of deformity) and patient-related factors. Spinal rigidity is one of the most impor-
tant considerations as soft tissue releases and osteotomies play a crucial role in cervical de-
formity correction. For ankylosed, fixed, and severe deformity, 3-column osteotomy (3CO)
is often warranted. A 3CO can be done through combined anteriorposterior (vertebral body
resection) and posterior-only approaches (open or closed wedge pedicle subtraction osteot-
omies [PSOs]). This article reviews the literature for currently published studies that report
results on the use of 3CO for ACD, with a special concentration on posterior based 3CO
(open and closed wedge PSO). More specifically, this review discusses the indications, ra-
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INTRODUCTION

The most common etiologies of adult cervical deformity (ACD)
include: remote traumatic injuries, inflammatory spondyloar-
thropathies, degenerative (arthritic) disease, myopathies, and
iatrogenic causes (e.g., postlaminectomy kyphosis or fusion)."”
ACD patients can experience difficulties with maintaining hor-
izontal gaze, gait, and dysphagia, all potentially leading to in-
ability to perform activities of daily living (ADLs).® Secondary
to this symptomology, studies have shown that severity of cer-
vical deformity is directly associated with reduced health-relat-
ed quality of life (HRQoL) scores.” Cervical sagittal plane de-
formity with cervical sagittal vertical axis (cSVA) greater than 4
cm has been shown to be a the critical threshold in which pa-
tients begin to have significant pain and disability.” In fact, ACD
has been shown to be associated with disability scores (based
on HRQoL questionnaires) similar to illnesses such as blind-
ness, renal failure, and stroke.®

diographic corrective ability, and associated complications.

Keywords: Cervical deformity, Three column osteotomy, Pedicle subtraction osteotomy,
Vertebral column resection

There is an ongoing accumulation of evidence that, like in
adult spinal deformity (ASD), ACD surgery is able to achieve
excellent radiographic correction and provide significant im-
provement in pain and disability based on HRQoL scores.”""
Postoperative cSVA and chin brow vertical angle (CBVA) are 2
radiographic measures that have been closely associated with
improvements in ADL and HRQoL outcomes. However, surgi-
cal correction of ACD presents numerous challenges given the
complex nature of the cervical spine and sensitivity of surround-
ing vital anatomical structures (neural elements and large ves-
sels such as carotids and vertebral arteries). The optimal surgi-
cal strategy can vary widely based on patient-related factors,
deformity type, rigidity, imbalance, and/or goals of surgery. In
rigid, ankylosed, or focal deformities with large magnitudes of
deformity, typically soft tissue releases and low-grade osteoto-
mies are not sufficient and a 3-column osteotomy (3CO) is of-
ten warranted (Ames grades 5, 6, and 7).”> Ames grade 5 and 6
osteotomies consist of open- and closed wedge pedicle subtrac-
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tion osteotomy (PSO) which are performed via a posterior-only
approach. While Ames grade 7 osteotomy consists of a vertebral
body resection (VCR) and is typically achieved from a combined
anteriorposterior approach."”

The use of 3CO in the cervical and upper thoracic spine for
ACD is extremely powerful but can be associated with high mor-
bidity in the form of medical and surgical complications. Com-
plication rates following surgery ACD are as high as 43.6%, with
mortality ranging from 1.3% to 6.7%, and neurological compli-
cation rates ranging from 13.5% to 23.0%."'® Combined ante-
riorposterior approaches are associated with the highest rates of

early complications."*'¢ Therefore, the goals of this article is to

review in detail the indications, considerations, and periopera-
tive complications of utilizing 3CO for ACD correction, with
special attention to posterior based 3CO (Ames grades 5 and 6
osteotomy).

MATERIALS AND METHODS

A comprehensive literature review was performed via a for-
mal PubMed search with the words “cervical deformity” and
“osteotomy.” Articles and studies with these terms in the title
were identified, and the abstracts were carefully reviewed to de-

termine whether posterior based 3CO were utilized within the

Table 1. Tabulated summary of studied examining cervical and thoracic three column osteotomy for cervical deformity

No. of

Overall Neurological

Study N — 3CO type Extent of correction et Gt Comments
Lau et al.'* (2020) 49 PSO, VCR c¢SVA: 2.1 cm 42.9% 20.4% c¢SVA >8 cm and cervical
CL:9.1° kyphosis >20° associated
T1-slope: 13.1° with higher surgical com-
plication
Smith et al."” 23 PSO, VCR cSVA: 2.2 cm 56.6% 17.4% Most common complica-
(2017) CL:10.1° tions were neurologic def-
T1-slope: 6.5° icit, infection, DJK, and
cardiorespiratory failure
Theologis et al."® 48 PSO, VCR Cervical Cervical: 60.0% Cervical: 6.7% Cervical 3CO more compli-
(2015) cSVA: 3.8 cm Thoracic: 27.3% Thoracic: 6.1%  cations and longer hospi-
CL:2.2° tal and ICU stays
T1-slope: 3.6°
Thoracic
cSVA: 1.8 cm
CL:11.2°
T1-slope: 15.4°
Kim et al.” 10 PSO CL: 36.6° 10.0% 0%
(2015) Angular correction: 44.8°
Translational correction:
3.8cm
Deviren et al.”® 11 PSO cSVA: 4.5 cm 36.4% 0% Improvement of NDI and
(2011) PSO correction angle: SE-36 questionnaires at all
19.0° follow-up time points
Samudrala et al.®* 8 PSO CT]J angle: 38.7° n/a 37.5%
(2010) CBVA: 36.3°
Tokala et al.?* 8  Open wedge PSO CTJ angle: 57° n/a 37.5% No permanent injuries at
(2007) CBVA: 35° 2 years
Simmons etal” 131  Open wedge (with 17 CBVA: 44.5° 23.0% 16.0% Ankylosing spondylitis,
(2006) undergoing pedicle mortality 3.1%

resections)

McMaster et al.* 15

(1997) mal pedicle resection

Open wedge with mini- 54° of kyphosis correction 60.0%

20.0% Ankylosing spondylitis

3CO, 3-column osteotomy; PSO, pedicle subtraction osteotomy; VCR, vertebral body resection; cSVA, cervical sagittal vertical axis; CL, cervi-
cal lordosis; DJK, distal junctional kyphosis; ICU, intensive care unit; NDI, Neck Disability Index; SF-36, 36-Item Short Form Survey; CTJ, cer-

vicothoracic junction; CBVA, chin brow vertical angle.
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study cohort or case series. Only articles with adult patients that
underwent cervical deformity correction via cervical or upper
thoracic 3CO were of interest. Case reports and review articles
were excluded. Studies of at least 5 or more patients were in-
cluded. The cohort and outcomes were then summarized in a
table.

RESULTS

The search resulted in a total of 1,124 studies. Among those,
38 were selected for formal abstract review based on a priori
criteria. From that, a total of 9 studies from 1997 to 2020 were
identified for final review (Table 1).%'¢* All studies were retro-
spective reviews, with one being a retrospective review of pro-
spectively collected data from the International Spine Study
Group. Three of the earliest studies concentrated mainly on
cervical open wedge PSO (Ames grade 5) for ankylosing spon-
dylitis (AS) and the 6 more recent studies concentrate on cervi-
cal and thoracic closed wedge PSO (Ames grade 6) and upper
thoracic VCR. Overall complication rates varied greatly among
the identified studies ranging from 10.0% to 60.0%. The inci-
dence of neurological complication varied quite a bit as well
from 0.0% to 37.5%.

DISCUSSION

1. Indications for 3CO

Preoperative evaluation of all ACD patients should begin
with a thorough history, neurological and musculoskeletal ex-
amination. During the physical examination, it is essential to
evaluate patients standing upright, in both maximal head ex-
tension as well as in the position that is most comfortable. The
most comfortable position is a critical component in determin-
ing the true extent of cervical deformity (kyphosis and cervical
sagittal imbalance). Next, it is essential to assess for rigidity by
having the patients lay flat on their back with the goal of having
the head (occiput) rest on the examination table. Rigid defor-
mities often are unable to do so and are likely candidates for
3CO.

Imaging of ACD should consist of at least 3 imaging modali-
ties: x-rays, computed tomography, and magnetic resonance
imagining. It is important to evaluate for presence of thoraco-
lumbar deformity as abnormal cervical alignment maybe com-
pensatory changes or part of concurrent deformities.”** The
radiographic indications for 3CO for ACD are related to extent
of fusion/ankylosis, degree of deformity, focality of deformity,

https://doi.org/10.14245/ns.2040466.233

and/or the main driver of cervical deformity.* Patients with 2
or more of the 3 spinal columns fused often require a 3CO re-
lease for correction. This is especially the case for patients with
focal cervical kyphosis and severe sagittal plane deformity.

2. Cervical 3CO Osteotomies Types

The Ames Cervical Osteotomy Grade is a versatile classifica-
tion and nomenclature system that describes extent of soft tis-
sue release and bony resection, ranging from low grade (grade
1, partial facet joint resection) up to high grade (grade 7, verte-
bral column resection)."”? Grades 5 to 7 consist of the 3CO. Grade
5 and 6 are variants of the PSO and approached posteriorly. Grade
7 consists of a VCR and is approached via a combined anterior-
posterior approach or posterior-anterior-posterior approach if

rare cases.

3. Grade 5 Osteotomy

Grade 5 osteotomy is more commonly known as the open
wedge osteotomy. This was first used for cervical deformity cor-
rection by Mason et al.” in 1953. This osteotomy involves re-
section of the posterior elements (including the lamina, spinous
process, and facets) and often partial resection of the pedicles
to facilitate a controlled fracture of the anterior column. Though
less frequently used in modern deformity correction, there re-
mains a number of studies describing the use of grade 5 osteot-
omies for cervical deformity correction; grade 5 osteotomies
maybe especially effective for patients with brittle cortical bones
as seen in patients with AS.***** The largest study to date is by
Simmons et al.** in which report their results on 131 patients
(with 17 patients undergoing more extensive pedicle resections).
In their cohort, they achieve a mean CBVA correction of 44.5°.

4. Grade 6 Osteotomy

Similar to a grade 5 osteotomy, a grade 6 osteotomy involves
resection of the posterior elements, including the lamina, spi-
nous process, and facets. Grade 6 osteotomy includes complete
resection of the pedicles and wedge shape resection of the ver-
tebral body (traditional PSO) to facilitate a controlled closure.'
Given the large amount of bony resection required, grade 6 os-
teotomies are generally performed at the C7 or upper thoracic
spine (T1 to T3) to avoid the vertebral arteries which enter the
transverse foramen at C6.

Typically, grade 6 osteotomies (closed wedge PSO) are now
preferred over grade 5 osteotomies (open wedge PSO). Grade 6
osteotomy has been purported to be a more controlled correc-
tive technique and associated with lower risk for complication
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than grade 5 osteotomies. Inducing an anteriorly directed open
wedge fracture with grade 5 osteotomy requires elongation of
the anterior column and ligament which results in potential
vascular, esophageal, tracheal, and neurologic injury"**"* In
addition, compared to grade 5 osteotomy, grade 6 osteotomy
offers greater biomechanical stability which allows for a con-
trolled closure and bone-on-bone interface which promotes fu-
sion and long-term stability. Studies evaluating closed wedge
PSO for the treatment of kyphotic cervical deformity have dem-
onstrated the power of this technique with lower cervical and
upper thoracic PSO offering cSVA correction of 2.2 to 4.5 cm,
cervical sagittal Cobb correction of 10.1° to 34.5°, and average

correction CBVA correction of 36.7°,!%161819

5. Grade 7 Osteotomy

The most extensive release is the grade 7 osteotomy, which
involves total resection of one or more entire vertebral bodies,
as well as removal of the adjacent disks and the complete unco-
vertebral joint, facets, and posterior lamina."? Given such exten-
sive bony resection, anterior column support is almost always
required and may aid in deformity correction with expandable
cage options. The grade 7 osteotomy is typically achieved through
a combined anteriorposterior approach. The sequential appro-
ach depends greatly on the specific deformity being treated. Pa-
tients with moderate to severe focal kyphotic deformities in the
subaxial cervical spine are the ideal candidates for grade 7 oste-
otomies, especially if the posterior column is at least semi-flexi-
ble or can be overpowered. While grade 7 osteotomies involve
the greatest bony resection and spinal release, its use is limited
in patient with global cervical kyphosis, deformity primarily
from a cervicothoracic driver, and/or severe cervical kyphosis
in which the anterior column cannot be readily approached
from an anterior approach. If a grade 7 osteotomy is the goal in
severely kyphotic patients, a posterior-anteriorposterior appro-
ach may be warranted; however, this has been associated with
high morbidity and complication rates.">'>* In rare case, an an-
terior approach may not be possible and posterior based only
approaches such as grade 5 and 6 osteotomies are the only op-
tions.

6. Surgical Considerations for 3CO

There has yet to be an established threshold of postoperative
cervical lordosis that has been correlated to outcomes for ACD.
In cervical spondylotic myelopathy, there is suggestion that 20
degrees of lordosis maybe associated with benefits in neck pain
following surgery.”® In ACD, cSVA seems to be the most consis-
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tent and well supported radiographic parameters in regards to
effecting patient long-term outcomes, with the goal of cSVA
less than 4 cm.” With this in mind, it is essential to identify the
main driver of cervical deformity when planning a 3CO: (1)
subaxial cervical kyphosis (C3 to C7) and/or (2) forward trans-
lation of the cervical spine secondary to pathology in the lower
cervical (C6-7) or upper thoracic spine (T1-3).”*” Both drivers
can result in abnormal cervical sagittal imbalance, but patients
with lower cervical or upper thoracic drivers can have normal
or hyper cervical lordosis. T1-slope is a helpful radiographic
parameter that determines whether the driver is located distal
to the cervical spine. A T1 slope of greater than 30° is typically
indicative of a sagittal deformity involving the upper thoracic
spine or even more distal spine.”® T1-slope can be used with
C2-slope to assess the relationship between cervical and thora-
columbar alignment.”” If C2-slope is low and T1-slope is high,
this suggests the driver of deformity is distal to the cervical spine.
If C2 slope is high and T1 slope is low, then this indicates a pri-
marily cervical spine driven deformity. A difference of greater
than 17° between the T1 slope and CL also suggests a cervical
deformity, even with a concurrent thoracolumbar deformity
present. A combined cervical and distal deformity can often
present with C2-slope and T1-slope both being high.

7. Specific 3CO Level and Spinal Fixation

Following identification of the main driver for ACD, planning
a 3CO at the appropriate level is critical in order to achieve the
correction desired. Subaxial ACD with focal kyphotic deformi-
ties often has to be addressed with the 3CO at the apex. How-
ever, in patients with more global subaxial kyphosis, a 3CO at
C6 or C7 is often preferred given the lower risk for devastating
neurological injury and vertebral artery injury compared to more
proximal cervical levels (C5 and above).*** ACD patients with
mainly cervical sagittal imbalance from a deformity driver lo-
cated at or distal to the cervicothoracic junction should under-
go 3CO in the upper thoracic spine. Traditionally, a 3CO at the
cervicothoracic junction was preferred, but there is a push to-
wards transitioning 3CO to more distal levels, specially PSO at
T2 or T3 to minimize nerve root injury and related weakness.'*'”
The incidence of neurological complications has been shown to
decreases with more distal levels: C7 (37.5%), T1 (37.5%), T2
(20.0%), T3 (15.4%), T4 (0.0%)."® In addition, 3CO at T2 has
been shown to offer the greatest C2 to T3 angular change (39.1°)
compared to 3CO at C7 (16.9°), T1 (13.5°), and T3 (15.7°).%

Fig. 1 illustrates a patient who presented with a history of C5
to T1 posterior spinal fusion/instrumentation (PSF/I) and se-
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LT. FLEX

Fig. 1. T2 pedicle subtraction osteotomy (PSO) for correction of rigid adult cervical deformity. Panels A and B show prior C5 to
T1 posterior spinal fusion/instrumentation (PSF/I) and severe cervical sagittal imbalance with cervical sagittal vertical axis (cSVA)
of 10.4 cm, T1-slope of 45°, and cervical lordosis 9°. (C, D) Flexion-extension films demonstrate no movement. He underwent
removal of implants, revision C5 to T9 PSF/I, and T2 PSO (Ames grade 6 osteotomy) for deformity correction. Postoperatively
his cervical parameters were normalized with cSVA 4.1 cm, cervical lordosis 11°, and T1-slope of 25°.

vere cervical sagittal imbalance with a cSVA of 10.4 cm and an
abnormally high T1-slope of 45°. He had normal cervical lor-
dosis of 9°. The patient’s primary driver of cervical deformity
was in his upper thoracic spine. Flexion-extension films dem-
onstrate a rigid deformity. He underwent revision, C5 to T9
PSF/1, T2 PSO (Ames grade 6 osteotomy). Postoperatively his
cervical parameters were normalized with cSVA 4.1 cm, cervi-

https://doi.org/10.14245/ns.2040466.233

cal lordosis 11°, and T1-slope of 25°.

Adequate spinal fixation is critical in order to safely close a
3CO, especially in cases that require large translational correc-
tion. Unlike the robust fixation that can be readily achieved in
the adult thoracolumbar spine, reliable and confident cervical
spine fixation can be difficult. The most common mechanism
of failure at the upper instrumented vertebrae (UIV) is screw
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pull out especially with the use of lateral mass screw fixation in
the midsubaxial spine. Therefore, there should be consideration
to choose C2 as the UIV and/or utilize pedicle screw fixation.
There is strong biomechanical evidence that C2 pedicle screws
(vs. C2 pars screws) and subaxial (C3 to C7) cervical pedicle
screws (vs. lateral mass screws) have significantly greater pull
out strength.** C2 pedicle screws have an average pullout stren-
gth 92% stronger than a C2 pars screw;* and subaxial cervical
pedicle screws have at least twice the strength of lateral mass
screws.” For correction of subaxial cervical kyphosis lower in-
strumented vertebrae (LIV) above the thoracic apex is generally
sufficient. In cases of 3CO near the cervicothoracic junction or
upper thoracic spine, the optimal LIV remains to be studied. Cur-
rently, some would consider LIV past the thoracic apex near
T10.%¢

8. Morbidity and Complications

It has been shown that patients who undergo a 3CO for ACD
correction have significant improvements in HRQoL outcomes,
as measured by neck disability index scores, neck visual analo-
gue pain scores, and 36-Item Short Form Survey physical com-
ponent scores.'*'* However, the treatment of rigid, severe ACD
can be technically challenging because of the proximity of the
cervical spine to several vital and relatively delicate structures.
This results in potential risk for complications with serious mor-
bidity (include injury to the vertebral artery, esophagus, trachea,
sympathetic nerve roots, cervical nerve roots, and/or the spinal
cord itself). A prospective study by Smith et al."” of 78 patients
who underwent surgery for ACD, reported an overall compli-
cation rate of 43.6%. Similarly, in a retrospective study of 95 pa-
tients who underwent ACD deformity correction by Lau et al.'®
reported a complication rate of 37.9%. The most common peri-
operative complications being nerve root weakness, surgical site
infection, dysphagia, and comorbid medical-related complica-
tions. Independent risk factors for complication include sex
(male), and deformity severity (cSVA greater than 8 cm and ky-
phosis greater than 20°), and surgical approach (posterior-only
vs. combine anteriorposterior).'>'¢

It has been shown that combined anteriorposterior approach-
es (such as Ames grade 7 osteotomies/VCR) are associated with
the highest rate of complications at 79.3%, while posterior-only
approaches were lower at 68.4%."> Many patients with moder-
ate to severe ACD will experience postoperative dysphagia re-
gardless of approach (secondary to esophageal lengthening),
especially in those who already have preoperative esophageal
dysfunction.” However, the incidence of symptomatic dyspha-
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gia is significantly lower with posterior-only approaches com-
pared to combined anteriorposterior approaches (2.6% vs. 24.1%,
respectively).”” In addition, the anterior approach can result in
unidentified esophageal injuries. Therefore, there is a push to-
wards utilizing posterior-only based approaches to 3CO via Ames
grade 6 osteotomy (closed wedge PSO) when at all possible.

There remains a paucity of literature strictly dedicated to the
study of complications following 3CO for ACD. Among the
available ACD 3CO literature, reported perioperative complica-
tions rates range from 10.0% to 56.5% with larger case series
showing higher rates of complication.'*'** When performing
3CO (compared to lower grade osteotomies), greater blood loss
and higher risk for neurological morbidity should be taken into
serious consideration. The reported neurological deficit rate
following 3CO for ACD range between 0.0% to 37.5%.'"'°> A
more recent study by Lau et al.'® compared neurological deficit
rates between posterior based low grade and high grade (3CO)
for ACD correction among 95 patients. 3CO patients experience
a new neurological deficit rate 20.4% of the time compared to
13.0% in low-grade ostoetomies. With regards to neurological
deficits following PSO, nerve root injury in the form of direct
compression or corrective stretch injury (neuropraxia) is much
more common than spinal cord injury. In particular, the C8
nerve root is most at risk when PSO is performed at the lower
cervical and T1 levels. The nerve root is at risk during bony re-
section, closure of the osteotomy (direct compression of sur-
rounding structures such as T1 rib head), and following correc-
tion (stretch/neuropraxia). Patients need to be formally and
thoroughly counseled regarding risk for hand weakness and
numbness. The long-term outcomes to C8 palsy have yet to be
thoroughly studied and therefore its natural history is less un-
derstood than C5 palsy following cervical spine surgery. 3CO at
T2 or T3 may mitigate this risk."”® In addition, patients who un-
dergo lower cervical 3CO have significantly higher complica-
tion rates (60.0% vs. 27.3%), longer intensive care unit (6.0 days
vs. 1.6 days), and hospital stays (15.0 days vs. 7.5 days). This is
secondary to more patients requiring a tracheostomy and/or
gastrostomy tube after lower cervical 3CO."

In a review of the literature conducted by Etame et al.,”” they
showed that medical complication rates for ACD surgery pa-
tients vary dramatically from 3.1% to 44.4%. In general, ACD
patients tend to be frailer than the average ASD patient. ACD
patients often struggle with myelopathy and severe calorie defi-
cits and malnutrition. In addition to comorbid chronic condi-
tions, this theoretically results in lower physiologic reserve. For-
tunately, ACD patients who undergo 3CO (compared to low

https://doi.org/10.14245/1s.2040466.233



Lau D, et al.

Three Column Osteotomy for Adult Cervical Deformity

grade osteotomy) do not experience high rates of medical com-
plications."®

CONCLUSION

ACD, particularly cervical kyphosis and sagittal imbalance,
can result in significant pain, disability, and myelopathy due to
spinal cord injury even in the absence of cervical stenosis. Cor-
rection of cervical spinal parameters, especially cSVA and CB-
VA are associated with significant improvements in gait, hori-
zontal gaze, and patient HRQoL outcomes. For ACD patients
with rigid, focal and/or severe deformities, 3CO should be con-
sidered in order achieve adequate correction. Ames grade 5 to
7 osteotomies are 3CO, with grade 5 and 6 being posterior-only
approaches and grade 7 requiring a combined anteriorposterior
approach. Considerations to 3CO should include identification
of the main driver of cervical deformity (subaxial kyphosis or
cervicothoracic junction imbalance (high T1-slope). In turn,
this will aid in planning the 3CO level in which the goals are to
perform the osteotomy at the most distal level possible, prefera-
bly T2. Perioperative complications following 3CO for ACD are
relatively high with combined anteriorposterior approaches as-
sociated with the highest risk for complication and nerve root
weakness remains a serious concern. Nonetheless, 3CO for ACD
allows for the greatest extent of correction in severely deformed
patients. Thus, with careful surgical planning and preoperative
optimization, 3CO is a vital tool to improve the function and
quality of life of cervical deformity patients.
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