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ABSTRACT

Background: Studies reporting multilevel anterior cervical corpectomy (.2 levels) and reconstruction in patients
with long-segment anterior cervical compression are few and surgical outcomes are variable with increased surgical
morbidity and a high incidence of graft-related complications. The aim of this study is to evaluate the effectiveness and

safety of cervical corpectomy and anterior reconstruction of 3 or more levels in patients with long-segment anterior
cervical compression.

Methods: We retrospectively reviewed patients who had undergone 3 or more levels of anterior cervical

corpectomy and reconstruction from 2014 to 2018. Clinical and radiological parameters such as Nurick grading,
modified Japanese Orthopedic Association (mJOA) score, cervical segmental angle, cervical sagittal angle, graft
subsidence, and fusion rate were evaluated preoperatively and at a 2-year follow-up. Patients were divided into 2 groups

according to their anterior reconstruction, either with fibular strut autogenous graft or titanium mesh cage and rigid
anterior cervical plating for subgroup analysis. Patients whose bone stock was found to be poor had undergone
posterior instrumentation as a staged procedure.

Results: There were 48 patients (mean age: 58.17 years) in the cohort: 42 had undergone 3-level and 6 had
undergone 4-level cervical corpectomy with an ossified posterior longitudinal ligament and multilevel cervical
spondylotic myelopathy being the main surgical indications. C5 to C7 corpectomy was most common. Of the cohort,
83.4% had standalone anterior reconstruction and only 8 patients (16.6%) had supplementation with posterior

instrumentation. Our subgroup analysis showed statistically significant change in Nurick grading, mJOA score, cervical
segmental angle, and sagittal angle in both groups at a 2-year follow-up (P , .05). Overall fusion rate was 89.5%.
Decreased incidence of graft subsidence, statistically significant less graft subsidence (P¼ .002) and a higher fusion rate

(P ¼ .001) were noted in titanium mesh cage group at 2-year follow-up.
Conclusions: Multilevel anterior cervical corpectomy and reconstruction is a safe and efficacious procedure. A

titanium mesh cage filled with autogenous bone graft and a rigid anterior cervical plate gives best results. Posterior

instrumentation should be considered along with a multilevel cervical corpectomy construct in patients with poor bone
stock.

Level of Evidence: 4.

Cervical Spine

Keywords: cervical corpectomy, cervical spine, myelopathy, OPLL, graft failure

INTRODUCTION

Single-level anterior cervical corpectomy and

reconstruction is a well-recognized and well-docu-

mented procedure with predictably favorable out-

come.1 However, multilevel cervical corpectomy (3

or more levels) and reconstruction for long-segment

anterior compressive pathology is not frequently

done and the surgical outcome is perceived to be

worse due to surgery-related morbidities and a

higher incidence of graft-related complications.2

Hence, some authors have advocated avoidance of

greater than 2 levels of cervical corpectomy.3,4 A

failure rate of 33% to 70% has been documented in

the literature for 3 or more levels of anterior cervical

corpectomy and reconstruction.5–7

The presence of an anterior cervical plate

following 3-level corpectomy shifts the instanta-

neous axis of rotation of cervical spine anteriorly

resulting in change in loading pattern of the long

graft with no loading occurring during flexion

movements of cervical spine and more excessive

distractive loading occurring during extension

movements of cervical spine at the caudal graft
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level. This results in anterior dislodgement of the
long graft at the caudal level with subsequent
anterior dislodgement of the plate and posterior
cephalad displacement of the graft compromising
the cord. Hence few surgeons prefer posterior
instrumentation with 3 or more cervical corpectomy
constructs; the rationale is that it shifts the
instantaneous axis of rotation posteriorly and
decreases the stress at the caudal vertebral body,
where the stress seems to be high following 3 or
more anterior cervical corpectomy constructs.8,9

The aim of our study was to review a single
surgeon’s experience and document the clinical and
radiological outcomes of multiple levels (3 or more)
of cervical corpectomy and anterior reconstruction.

MATERIALS AND METHODS

We retrospectively reviewed consecutive patients
who had undergone 3 or more levels of anterior
cervical corpectomy and reconstruction at our
tertiary care unit from April 2014 to March 2018.
The senior author (S.K.H.) performed all opera-
tions and a right-sided anterior cervical approach
was the preference. Patient demographics, comor-
bidities, indication for surgery, and peri-operative
data were all collected from available medical
records. Clinical and radiological parameters were
documented preoperatively and at 2 years of follow-
up. Clinical outcome measures were recorded with
Nurick grading10 and the modified Japanese Ortho-
pedic Association score (mJOA).10 Radiological
measures included cervical segmental angle, cervical
sagittal angle, graft subsidence, and fusion rate. The
above clinical and radiological parameters were
documented preoperatively, in the immediate post-
op period, and at a 2-year follow-up. The fusion rate
was analyzed using Bridwell criteria11 at the end of 2
years. Cervical segmental angle, cervical sagittal
angle, and graft subsidence were measured using
PACS software (Picture Archiving Communication
System 20/20 Opal rad imaging software version
20.15.2).

To measure cervical segmental angle12 a line was
drawn parallel to the superior endplate of the
superior-most vertebra and another parallel line
was drawn parallel to the inferior endplate of
inferior vertebra to be involved in the fusion, and
the angle between the 2 lines was measured.

To measure cervical sagittal angle12 parallel lines
were drawn, inferior to the C2 and C7 vertebral

bodies, perpendicular lines were drawn to the above
lines, and the angle was measured.

To measure graft subsidence12 lines were drawn
parallel to the superior endplate of superior vertebra
and inferior endplate of inferior vertebra of the graft
or cage. Midpoints of the above lines were marked,
and another line was drawn connecting the mid-
points. The line was measured for graft-cage height.
It was measured in immediate postoperative period
and at follow-ups. The difference in values at
immediate postoperative period and at 2-year
follow-up was taken as graft subsidence.

In our series all patients had anterior reconstruc-
tion with either an autogenous fibular strut graft or
a titanium mesh cage packed with bone graft and
rigid anterior cervical plating. Initially patients had
anterior reconstruction with an autogenous fibula
strut graft and rigid anterior cervical plate and later
on our senior surgeon started using a titanium mesh
cage filled with bone graft and rigid anterior cervical
plating. Patients were divided into 2 groups
according to anterior reconstruction with either
autogenous fibular strut graft (group A) or titanium
mesh cage and rigid cervical plating (group B) for
subgroup analysis. Patients whose bone stock was
found to be poor had undergone posterior instru-
mentation as a staged procedure. Institutional
Review Board (IRB) exemption was granted from
the IRB of Apollo hospitals for the study as it is a
retrospective observational study. Ethical approval
was waived by the local Ethics Committee, in view
of the retrospective nature of the study and because
all the procedures being performed were part of the
routine care. Informed consent was obtained from
the patients for undergoing the study.

Statistical analysis was done using SPSS software
version 25.0 (IBM Corp, Armonk, New York). P ,

.05 was considered statistically significant. All
continuous variables were represented by mean 6

SD. Categorical variables were expressed as a
percentage. Comparison of pre- and postcontinuous
variables was done by paired t test. Comparison of
continuous variables between 2 groups (A and B)
was done by independent-sample t test.

RESULTS

There were 48 patients in the cohort. Mean age of
patients was 58.1 years (range 48.4–75.6 years) with
79% of the cohort being females. Forty-two patients
had undergone 3-level and 6 patients had undergone
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4-level anterior cervical corpectomy and reconstruc-
tion.

Ossified posterior longitudinal ligament (OPLL)
was the most common indication (62.7%) followed
by cervical spondylotic myelopathy (19.4%). Other
indications included complex cervical spine trauma
(7.0%), spondylodiscitis (4.5%), implant failure due
do prior surgery (4.3%), and metastases (2.1%).
The commonest causative organism for spondylo-
discitis was Mycobacterium tuberculosis. The multi-
ple vertebral metastasis necessitating multilevel
cervical corpectomy was from renal cell carcinoma
in our series. The traumatic cases had a fall from
height with axial loading 6 flexion component as
the mechanism of injury. The patients who had been
operated for implant failure had index surgery
elsewhere and screw failure at the caudal vertebral
body with graft dislodgement being the reason for
revision. Four patients had a history of thyroidec-
tomy procedure prior to the cervical corpectomy.
The majority of the patients had undergone C5 to
C7 corpectomy (67%) followed by C4 to C6
corpectomy (Table 1). The majority of the patients
had standalone anterior reconstruction with either
fibular strut graft or titanium mesh cage and rigid
anterior cervical plating. Eight patients (16.6%)
whose bone stock was found to be poor from the
feedback during screw insertion through the ante-
rior cervical plate holes were supplemented with
posterior instrumentation.

Forty percent of the patients had systemic
diseases including diabetes mellitus and systemic
hypertension as comorbidities; 33.3% patients had
history of smoking and 27.3% patients had osteo-

porosis. Of our cohort, 33.3% had multiple
comorbidities (more than 2 comorbidities) (Table
2).

Mean duration of surgery was 105 minutes (range
97–113 minutes) with mean surgical time for group
A 111 minutes, and for group B, 99 minutes. Mean
blood loss was 95 mL (range 85–105 mL). Mean
duration of hospital stay was 2.1 days. The
intraoperative complications included dural tear or
cerebrospinal fluid (CSF) leak (8.3%) and small
esophageal tear (2%). Postoperative C5 palsy
(12.5%), transient hoarseness of voice (12.5%),
and self-limiting temporary dysphagia (10.4%) were
the commonest findings noted in the immediate
postoperative period. There was no graft or anterior
cervical plate dislodgement in our series at the 2-
year follow-up. Common perioperative complica-
tions observed in our series are listed in Table 3.

In group A, the Nurick score changed from
baseline mean 3.0 6 1.3 to 1.4 6 1.0 postoperatively
and mJOA score improved from 6.1 6 2.2 to 15.1 6

1.4. Similarly, radiological parameters of cervical
segmental angle changed from 5.88 6 1.88 to 7.58 6

1.28 and cervical sagittal angle changed from 23.68

6 7.48 to 29.18 6 6.88. In group B, the Nurick
score changed from baseline mean 3.0 6 1.3 to 1.9
6 1.5 at 2-year follow-up, mJOA score improved
from 4.9 6 2.1 to 14.2 6 2.9, cervical segmental
angle changed from 5.18 6 2.08 to 7.08 6 3.38, and
cervical sagittal angle changed from 22.78 6 7.28 to
30.18 6 8.18. Mean graft subsidence in group A was
3.0 6 1.5 mm and in group B was 2.0 6 1.1 mm.
The incidence of graft subsidence was least with
group B (25%, 6/24 patients), when compared to
group A (41%, 10/24 patients). Mean change in all
the parameters in both the groups A and B were
statistically significant: P , .05. Statistics of group
A and group B revealing the change in parameters
between preoperative and at 2-year follow-up are

Table 1. Levels of cervical corpectomy undergone by the study cohort.

Level of Corpectomy %

C5 to C7 67
C4 to C6 16.6
C3 to C6 12.5
C2 to C4 5.0

Table 2. Comorbidity factors of patients.

Comorbidities %

Osteoporosis 27.3
Smoking 33.3
Chronic alcoholic/liver derangement 15.5
Systemic diseases: diabetes mellitus, hypertension 40
Obesity (body mass index .30) 21.5
Cardiac diseases 17.5
Chronic kidney disease 14.5
Neurological diseases: stroke 13.5
Multiple comorbidities: .2 comorbiditiess 33.3

Table 3. Surgical complications encountered by the study cohort.

Surgical Complications %

Vertebral artery injury 0
Esophageal injury 2
Postoperative epidural hematoma 0
Infection 4.1
Temporary C5 palsy 12.5
Transient dysphagia 10.4
Transient hoarseness of voice 12.5
Permanent voice change/dysphagia 0
Postoperative respiratory failure 0
Dural tear/cerebrospinal fluid leak 8.3
Horner syndrome 0
Mortality 0
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tabulated in Tables 4 and 5, respectively. Figures 1
and 2 reveal box-and-whisker plot chart analysis of
groups A and B, respectively.

Mean Difference in Parameters Between the
Groups

Our subgroup analysis revealed that there was no
statistically significant difference in the baseline
functional and radiological parameters between the
groups except preoperative mJOA (Table 6). Both
groups demonstrated improvement in functional
and radiological measures at a 2 year follow-up and
the difference in the improvement was not statisti-
cally significant. Group B had decreased incidence
of graft subsidence, as well as lesser graft subsi-
dence, and this was statistically significant P , .002.
Overall fusion rate of the cohort was 89.5% with
group B patients demonstrating higher fusion rate
(95.8%) compared to group A (83.3%) at 2 years of
follow-up and this was statistically significant (P ,

.001). Comparison of mean difference between the 2
groups is presented in Table 6.

DISCUSSION

Historically, the evolution of graft usage after
multilevel cervical corpectomy is of this order: usage
of fibula autograft alone, fibula allograft alone,
fibula auto or allograft with superadded plate and
screws, and titanium mesh cage filled with bone
graft with anterior cervical plate and screws. Wang
et al6 have proposed a graft displacement rate of
9.9% and 16% following 3- and 4-level corpectomy.
The graft displacement usually occurs at the caudal

aspect of the graft. In their retrospective series, they
had used autogenous fibula alone as long strut graft
without an anterior plate. He states that graft
migration and displacement are greater when the C7
vertebral body is involved in the inferior end of
fusion construct. Macdonald et al7 used fibula
allograft alone as strut graft and reports a failure
rate of 11% following 3-level corpectomy (16
patients). They proclaim that the graft failure rate
proportionately increases with single to 4-level
corpectomy. Brezenor et al13 (22 patients) compared
fibular allograft with titanium cage and plate
fixation and reported titanium cage and plate
fixation had a superior outcome to fibular auto- or
allograft and dislodgement of graft is less with a
titanium cage and plate. In the current series we
compared patients who had fibular strut graft or a
titanium mesh cage filled with bone chips with
superadded cervical plate and screws for anterior
reconstruction post multilevel corpectomy and
observed no graft extrusion or cage dislodgement
with superadded plate construct. Another interest-
ing finding was that in our series, 67% of the
corpectomies’ reconstructed caudal end was at C7
and none had graft migration or displacement
contrary to what has been documented in the
literature.

Fusion rates have been found to be higher in
long-level corpectomy constructs than in multilevel
discectomy and graft constructs as the number of
graft host bed surfaces decreases.14 Various authors
have reported a fusion rate of 80% in their studies
evaluating fibula strut autograft and titanium cage
with plate fixation.13,15 In our study we found an

Table 4. Statistics of group A (autogenous fibular strut graft).

Variables

Preoperative,

mean 6 SD

Postoperative 2-Year Follow-up,

mean 6 SD t df P Value
a

Nurick score 3.1 6 0.7 1.4 6 0.5 7.4 11 .0001
mJOA score 6.2 6 1.1 15.2 6 0.7 �20.3 11 .0001
Cervical segmental angle 5.88 6 0.98 7.5 6 1.68 �3.6 11 .004
Cervical sagittal angle 23.78 6 3.78 29.28 6 3.48 �4.6 11 .001

Abbreviation: mJOA, modified Japanese Orthopedic Association.
aChange in parameters were significant: P , .05.

Table 5. Statistics of Group B (titanium mesh cage and rigid cervical plating).

Variables

Preoperative,

mean 6 SD

Postoperative 2-Year Follow-up,

mean 6 SD t df P valuea

Nurick score 3.1 6 0.7 1.9 6 0.8 4.8 11 .001
mJOA score 4.9 6 1.1 14.2 6 1.5 �16.0 11 .0001
Cervical segmental angle 5.28 6 1.08 7.18 6 1.78 �3.0 11 .010
Cervical sagittal angle 22.78 6 3.68 30.28 6 4.18 �6.5 11 .0001

Abbreviation: mJOA, modified Japanese Orthopedic Association.
aChange in parameters were significant: P , .05.
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overall fusion rate of 89.5% including both groups,
with titanium cage and plate fixation group
illustrating higher fusion rate (95.8%) than fibular
autograft and plate fixation group (83.3%) (Table
7). We also observed less graft subsidence and
decreased incidence of graft subsidence in titanium
mesh cage and plate construct group. The mean
graft subsidence in group A (fibular strut graft) was
3 mm with incidence of 41% (10/24 patients) and in
group B (titanium mesh cage) it was 2.0 mm with
incidence of 25% (6/24 patients) at 2-year follow-
up, indicating decreased incidence of graft subsi-
dence in patients reconstructed with titanium mesh
cage group. The cases of subsidence were asymp-
tomatic and required no further intervention.

Our subgroup analysis revealed no difference in
the change in radiological measures of cervical

segmental and sagittal angle between the groups.
However, both groups demonstrated significant
improvement in functional measures at 2-year
follow-up with mean improvements in Nurick grade
and mJOA score in both the groups with grades of
1.9 and 9.1, respectively. An interesting observation
is that the higher fusion rate and less graft
subsidence noted in the titanium mesh cage and
plate reconstruct group does not necessarily trans-
late into superior clinical outcome.

Rajshekhar et al12 documented a rate of 15.2%
CSF leak in their series. In our series CSF leak was
found to be 8.3%. CSF leaks were managed by
following sequential measures: suturing the dural
tear if reparable, applying a collagen patch followed
by augmentation with a thick layer of fibrin glue,
nonsuction of local wound drainage, supine position

A B

C D

Figure 1. Box and whisker plot of group A patients (autogenous fibular strut graft). (A) Nurick grading, (B) modified Japanese Orthopedic Association (mJOA) score,

(C) cervical segmental angle, (D) cervical sagittal angle.
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A B

C

E

D

Figure 2. Box and whisker plot of group B patients (titanium mesh cage and rigid cervical plating). (A) Nurick grading, (B) modified Japanese Orthopedic Association

(mJOA) score, (C) cervical segmental angle, (D) cervical sagittal angle, (E) graft subsidence and fusion rate.
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for 24 hours, intravenous antibiotics for 48 hours,
oral acetazolamide medication for 3–5 days and
usage of a postoperative lumbar drain in cases
where the tear could not be sutured.

In OPLL patients, the senior author always
practices the floating-island technique when the
ligament is adhered to the dura. A few authors12,15

recommend elective ventilation and steroids for a
period of 24–48 hours following multilevel corpec-
tomy as preemptive measure in anticipation of
prevertebral swelling–associated respiratory distress
due to the prolonged retraction of soft tissues
intraoperatively. Sagi et al16 reported the incidence
of postoperative airway obstruction requiring re-
intubation as 6.1% and 1.9%, with risk factors of
operative time more than 5 hours, 3 consecutive-
level cervical vertebral body exposure; C2, C3, C4

vertebral body exposure; and blood loss more than
300 mL. However, in our center where the study has
been undertaken, we have not practiced elective
ventilation as a routine and patients are weaned off
endotracheal intubation at the end of surgical
procedure. In our series we did not encounter any
postoperative airway obstruction in the studied
patients as two thirds of our patient cohort had
undergone C5 to C7 corpectomy. In addition, our
shorter operating time, avoiding prolonged soft
tissue retraction, and practice of intermittent release
of soft tissue retraction whenever not needed might
have minimized the tissue trauma, subsequent
edema development, and respiratory distress.

There are some debates regarding the use of
anterior cervical plates following multilevel anterior
cervical corpectomy. A few authors suggest that

Table 6. Statistical difference between groups A (autogenous fibular strut graft) and B (titanium mesh cage and rigid cervical plating).

Parameter and Group n Mean SD t df

P Value

(significant 2-tailed)

Preoperative Nurick score 1.000
A 24 3.1 0.7 0 22
B 24 3.1 0.7

Postoperative 2-year Nurick score .081
A 24 1.4 0.5 �1.8 22
B 24 1.9 0.8

Preoperative mJOA score .011
A 24 6.2 1.1 2.7 22
B 24 4.9 1.1

Postoperative 2-year mJOA score .067
A 24 15.2 0.7 1.9 22
B 24 14.3 1.5

Preoperative cervical segmental angle .111
A 24 5.88 0.98 1.6 22
B 24 5.28 1.08

Postoperative 2-year cervical segmental angle .543
A 24 7.58 1.68 0.6 22
B 24 7.18 1.78

Preoperative cervical sagittal angle .549
A 24 23.78 3.78 0.6 22
B 24 22.88 3.68

Postoperative 2-year cervical sagittal angle .523
A 24 29.28 3.48 �0.6 22
B 24 30.28 4.18

Graft subsidence .002a

A 24 3.0% 0.8% 3.5 22
B 24 2.0% 0.6%

Fusion rate .001a

A 24 83.3% 0.8% 1.5 22
B 24 95.8% 0.2%

Abbreviation: mJOA, modified Japanese Orthopedic Association.
aSignificant: P , .05.

Table 7. Fusion characteristics of patients in groups A (autogenous fibular strut graft) and B (titanium mesh cage and rigid cervical plating) at 2-year follow-up.

Bridwell Grade Description No. of Patients, Group A No. of Patients, Group B

1 Fusion with remodelling and trabeculae 20 23
2 Graft intact, not fully remodelled, no radiolucency 2 1
3 Graft intact, but definite radiolucency 2 0
4 Graft not fused, collapsed 0 0
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plate bending, distal screw failure, caudal dislodge-
ment of plate, and subsequent esophageal irritation
are of concern with the use of plates.17,18 The
number of levels of corpectomy correlate propor-
tionately to the failure of plate.5,19 However, a few
authors recommend anterior cervical plate usage as
it provides immediate stability, stabilizes the graft,
and promotes bony fusion.20–22 A few authors
recommend supplemental posterior instrumentation
along with 3 or more cervical corpectomy anterior
constructs to decrease the stress at the caudal
vertebral body and minimize graft- or implant-
related failure.9–11 In our series, the majority had
standalone anterior reconstruction and our senior
author prefer staged supplemental posterior instru-
mentation following 3 or more anterior cervical
corpectomies if the bone stock was felt poor whilst
inserting anterior plate screws. In our series, 16.6%
of patients underwent posterior instrumentation as
a supplemental procedure. We have not observed
any graft dislodgement, screw extrusion, or plate
failure in our series at 2-year follow-up in stand-
alone anterior reconstruction patients in our series.
Our findings support that a superadded cervical
plate in anterior reconstruction following multilevel
corpectomy stabilizes the graft, provides immediate
stability to the construct, and favors higher fusion.
We like to stress that the graft carpentry and
optimal fusion-bed preparation are other detrimen-
tal factors that dictate the success of anterior
reconstruction alone following multilevel corpec-
tomy.

Literature documents esophageal injury rate of
7.4% and esophageal perforation rate of 0.02% to
1.49% following anterior cervical spine surgery.23 In
our series 2% of the cohort had inadvertent
esophageal injury and none of the patients had
esophageal perforation. The injury was small serosal
tear that was managed conservatively in the
immediate postoperative period with naso-gastric
tube insertion. The tube was left for a period of 7–10
days and then removed. In our series, 10.4% of the
cohort had transient dysphagia for solid foods for a
mean period of 9.5 days (range 7–12 days). A meta-
analysis by Wang et al24 reports 50% incidence of
transient dysphagia on the immediate postoperative
week after the anterior cervical procedure and 3%
of persistent dysphagia at 1 year after the procedure.
In our series, no dysphagia issues were seen at long-
term follow-up following multilevel cervical corpec-
tomy and reconstruction.

We had used a right-sided approach with
longitudinal incision in all our patients, and
observed transient hoarseness of voice in 12.5% of
our patients for a mean period of 21.4 days. Jung et
al25 reports overall incidence of postoperative
recurrent laryngeal nerve palsy as 25%, with 8.3%
being clinically symptomatic and 15.9% being
clinically unapparent in his series with a left-sided
approach.

Nassr et al,26 in their paper on incidence of C5
palsy following multilevel cervical decompression
procedures, documented an incidence of 5.1% for a
single corpectomy level; it proportionately increased
as the number of corpectomies increased beyond 3.
They reported spontaneous recovery in the majority
of patients within 40 months postsurgery and 15.4%
to have persistent residual deficit. We had 12.5% (6/
24 patients) of patients developing C5 palsy in our
cohort with most of them resolved postsurgery;
6.25% of patients had residual deficit by 2 years of
follow-up. All cases of C5 palsy were documented in
the immediate postoperative period following ante-
rior cervical reconstruction surgery. Supplemental
posterior instrumentation as second stage was done
in 8 patients (16.6%) and no new C5 palsy was
documented.

The risk of C5 palsies occurring following
anterior, posterior, or circumferential spine surgery
varies from 0 to 30%. However, similar rates have
been documented after anterior and posterior
decompression indicating a common pathway in
the development of the condition. The inherent
nature of decompression at C5, whether anterior or
posterior, may have similar effects on the spinal
cord or spinal canal which contribute to the
development of the palsy.27,28

The presence of preoperative kyphotic sagittal
alignment has an adverse biomechanical influence
on the standalone anterior cervical construct.29 In
our series the mean 6 SD preoperative cervical
sagittal alignment measured with C2-C7 Cobb angle
was 23.28 6 3.68, indicating the preserved normal
sagittal alignment of our cohort and this had
improved to 29.78 6 3.88 at 2-year follow-up. In
this series the majority of the study cohort had
maintained normal sagittal alignment preoperative-
ly and had much improved results following
multilevel cervical corpectomy and reconstruction
procedure.

Maxwell et al,30 in a paper on cervical spondy-
lotic myelopathy (58,115 admissions on the national
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database), stated that a single-level cervical corpec-
tomy carries a mortality rate of 0.6%, and a single
postoperative complication following the procedure
increases the mean inpatient stay of the patient to
another 4 or more days, and increases the mortality
rate 20- fold. Patients aged more than 84 years had a
40-fold rise in adverse outcomes and a 5-fold
increase in medical complications, and elective
admissions of patients rather than emergency

admissions were associated with lower mortality

rate. The same authors31 claimed the mortality rate

doubles to 1.2%, if a patient undergoes 3 or more

cervical corpectomies. They also report a return-to-

Table 8. Comparison of results of other authors with our series.

Study Year of Study Graft Used

% of Graft

Extrusion

Fusion Rate,

% Complications

Ikenaga et al15

31 patients
2005 Autogenous fibular strut graft

with cortical screw distally
11 82.3 Pseudoarthrosis 15%

C5 palsy 9%
Dysphagia 2%

Fushimi et al32

27 patients
2007 Autogenous fibular strut graft 17 74.2 Pseudoarthrosis 12%

Chen et al 33

25 patients.
2014 Titanium mesh cage with bone

graft and plate
0 84.3 Dysphagia 20%

CSF leak 11.4%
Pseudoarthrosis 12%

Gupta and Rajshekhar 12

29 patients
2017 Autogenous fibular strut graft 0 87 CSF leak 15.2%

Mean graft subsidence 5.7 MM
Current study
48 patients

2014–2018 Two groups: autogenous fibular
strut graft with plate; mesh cage
with bone graft and plate

0 89.5 Mean graft subsidence 2.5 mm
C5 root palsy 12.5%
CSF leak 8.3%

Abbreviation: CSF, cerebrospinal fluid.

Figure 3. Preoperative radiograph image of 65-year-old female who had

compressive myelopathy due to an ossified posterior longitudinal ligament.

Figure 4. Preoperative magnetic resonance imaging image of 65-year-old

female who had compressive myelopathy due to an ossified posterior

longitudinal ligament.
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operating-room rate of 17.9% and a graft or

instrumentation failure rate of 5.4% compared to

patients who had undergone single-level corpec-

tomy, with rates of 6.2% and 1.8%, respectively.

Patients who had returned to the operating room

had still-higher mortality of 7%, when compared to

the other group. Their analysis identified age,

American Society of Anesthesiologists class of more

than 3, history of cancer, and presence of diabetes as

the determinants of mortality. In our series, we did

not have any incident of unplanned returns to the

operating room and our mortality rate was nil

Figure 5. Preoperative computed tomography image of 65-year-old female who had compressive myelopathy due to an ossified posterior longitudinal ligament.

Figure 6. Postoperative radiograph at 2-year follow-up of 65-year-old female after undergoing C5–C7 corpectomy and anterior reconstruction.
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though 33.3% of patients had multiple comorbid-
ities.

A limitation of this study is its retrospective
nature. Our series is one of the largest on the subject
and a comparison of our results with existing studies
is tabulated in Table 8. Interpretation of our data
and the statistical analysis refute the hypothesis that
surgical outcome is worse in patients who undergo 3
or more anterior cervical corpectomies with stand-
alone anterior reconstruction for long-segment
anterior cervical compression (Figures 3–6).

CONCLUSION

Multilevel anterior cervical corpectomy and
reconstruction is a safe and efficacious procedure.
A titanium mesh cage filled with autogenous bone
graft with a contoured anterior cervical plate gives
best results. Posterior instrumentation should be
considered along with a multilevel cervical corpec-
tomy construct in poor bone stock patients.

REFERENCES

1. Singh K, Vaccaro AR, KimJ, Lorenz EP, Lim T-H, An
HS. Enhancement of stability following anterior cervical
corpectomy: a biomechanical study. Spine. 2004;29(8):845–849.

2. Okawa A, Sakai K, Hirai T, et al. Risk factors for early
reconstruction failure of multilevel cervical corpectomy with
dynamic plate fixation. Spine. 2011;36(9):E582–E587.

3. Edwards CC 2nd, Heller JG, Murakami H. Corpectomy
versus laminoplasty for multilevel cervical Myelopathy. An
independent matched cohort analysis. Spine (Phila Pa 1976).
2002; 27(11):1168–1175.

4. Wang JC, Hart RA, Emery SE, Bohlman HH. Graft
migration or displacement after multilevel cervical corpectomy
and strut grafting. Spine (Phila Pa 1976). 2003;28(10):1016–
1022.

5. Vaccaro A, Falatyn S, Scuderi G, et al. Early failure of
long segment anterior cervical plate fixation. J Spinal Disord.
1998;11(5):410–415.

6. Wang JC, Hart RA, Emery SE, Bohlman HH. Graft
migration or displacement after multilevel cervical corpectomy
and strut grafting. Spine (Phila Pa 1976). 2003;28(10):1016–
1022.

7. Macdonald RL, Fehlings MG, Tator CH, et al. Multilevel
anterior cervical corpectomy and fibular allograft fusion for
cervical myelopathy. J Neurosurg. 1997;86(6):990–997.

8. Diangelo DJ, Foley KT, Vossel KA, et al. Anterior
cervical plating reverses load transfer through multilevel strut-
grafts. Spine. 2000;25(7):783–795.

9. Foley KT, DiAngelo DJ, Rampersaud YR, et al. The in
vitro effects of instrumentation on multilevel cervical strut-graft
mechanics. Spine. 1999;24(22):2366–2376.

10. Bridwell KH, Gupta MC. Bridwell and Dewald’s
Textbook of Spinal Surgery. 4th ed. Philadelphia, PA:
Lippincott Williams & Wilkins; 2019.

11. Bridwell KH, Lenke LG, McEnery KW, et al. Anterior

fresh frozen structural allografts in the thoracic and lumbar
spine. Do they work if combined with posterior fusion and
instrumentation in adult patients with kyphosis or anterior
column defects? Spine (Phila Pa 1976). 1995;20(12):1410–1418.

12. Gupta A, Rajshekhar V. Functional and radiological
outcome in patients undergoing three level corpectomy for
multi-level cervical spondylotic myelopathy and ossified poste-
rior longitudinal ligament. Neurol India. 2016;64(1):90–96.
doi:10.4103/0028-3886.173654

13. Brazenor GA. Comparison of multisegment anterior
cervical fixation using bone strut graft versus a titanium rod and
buttress prosthesis: analysis of outcome with long-term follow-
up and interview by independent physician. Spine (Phila Pa
1976). 2007;32(1):63–71.

14. Hilibrand AS, Fye MA, Emery SE, Palumbo MA,
Bohlman HH. Increased rate of arthrodesis with strut grafting
after multilevel anterior cervical decompression. Spine (Phila
Pa 1976). 2002;27(2):146–151.

15. Ikenaga M, Shikata J, Tanaka C. Anterior corpectomy
and fusion with fibular strut grafts for multilevel cervical
myelopathy. J Neurosurg Spine. 2005;3(2):79–85.

16. Sagi HC, Beutler W, Carroll E, Connolly PJ. Airway
complications associated with surgery on the anterior cervical
spine. Spine (Phila Pa 1976). 2002;27(9):949–953. doi:10.1097/
00007632-200205010-00013

17. Paramore CG, Dickman CA, Sonntag VK. Radiograph-
ic and clinical follow- up review of Caspar plates in 49 patients.
J Neurosurg. 1996;84(6):957–961.

18. Vaccaro AR, Balderston RA. Anterior plate instrumen-
tation for disorders of the subaxial cervical spine. Clinical
Orthop. 1997;335:112–121.

19. Isomi T, Panjabi MM, Wang JL, et al. Stabilizing
potential of anterior cervical plates in multilevel corpectomies.
Spine. 1999;24(21):2219–2223.

20. Clausen JD, Ryke TC, Traynelis VC, et al. Biomechan-
ical evaluation of Caspar and cervical spine locking plate
systems in a cadaveric model. J Neurosurg. 1996;84(6):1039–
1045.

21. Farey ID, McAfee PC, Davis RF, et al. Pseudarthrosis of
the cervical spine after anterior arthrodesis. Treatment by
posterior nerve-root decompression, stabilization, and arthrod-
esis. J Bone Joint Surg Am. 1990;72(8):1171–1177.

22. Kirkpatrick JS, Levy JA, Carillo J, et al. Reconstruction
after multilevel corpectomy in the cervicalspine. A sagittal plane
biomechanical study. Spine. 1999;24(12):1186–1191.

23. Navarro R, Javahery R, Eismont F, et al. The role of the
sternocleidomastoid muscle flap for esophageal fistula repair in
anterior cervical spine surgery. Spine. 2005;30(20):E617–E622.

24. Wang T, Wang H, Liu S, An H-DLiu H, Ding WY.
Anterior cervical discectomy and fusion versus anterior cervical
corpectomy and fusion in multilevelcervical spondylotic mye-
lopathy. A meta-analys i s Medic ine (Balt imore) .
2016;95(49):e5437. doi:10.1097/MD.0000000000005437

25. Jung A, Schramm J, Lehnerdt K, Herberhold C.
Recurrent laryngeal nerve palsy during anterior cervical spine
surgery: a prospective study. J Neurosurg Spine. 2005;2(2):123–
127. doi:10.3171/spi.2005.2.2.0123

26. Nassr A, Eck JC, Ponnappan RK, Zanoun RR,
Donaldson WF III, Kang JD. The incidence of C5 palsy after
multilevel cervical decompression procedures a review of 750
consecutive cases. Spine. 2012;37(3):174–178.

27. Currier BL. Neurological complications of cervical spine

Multilevel Anterior Cervical Corpectomy and Reconstruction

International Journal of Spine Surgery, Vol. 15, No. 4 750
 by guest on May 1, 2025https://www.ijssurgery.com/Downloaded from 

https://www.ijssurgery.com/


surgery: C5 palsy and intraoperative monitoring. Spine (Phila
Pa 1976). 2012;37(5):E328–E334.

28. Guzman JZ, Baird EO, Fields AC, McAnany SJ,
Qureshi SA, Hecht AC. C5 nerve root palsy following
decompression of the cervical spine: a systematic evaluation
of the literature. Bone Joint J. 2014;96-B(7):950–955.

29. Steinmetz MP, Stewart TJ, Kager CD, et al. Cervical
deformity correction. Neurosurgery. 2007;60(supp1):S90–S97.

30. Boakye M, Patil CG, Santarelli J, Ho C, Tian W, Lad
SP. Cervical spondylotic myelopathy: complications and
outcomes after fusion. Neurosurgery. 2008;62(2):455–462.
doi:10.1227/01.neu.0000316013.97926.4c

31. Boakye M, Patil CG, Ho C, Lad SP. Cervical
corpectomy: complications and outcomes. Operat Neurosurg.
2008;63(suppl 4):ONS295–ONS302. doi:10.1227/01.NEU.
0000327028.45886.2E

32. Fushimi K, Miyamoto K, Nishimoto H, Hosoe H,
Kodama H, Shimizu K. Clinical outcomes of multilevel anterior
corpectomy and fusion as a revision surgery of the cervical
spine: report of twenty seven cases. Spinal Cord. 2006;44:449–
456.

33. Chen Y, Yang L, Liu Y, Yang H, Wang X, Chen D.
Surgical results and prognostic factors of anterior cervical
corpectomy and fusion for ossification of the posterior

longitudinal ligament. PLoS One. 2014;9:e102008. doi:10.

1371/journal.pone.0102008

Disclosures and COI: The authors declare no
conflicts of interest. No funding was received from

any external agency for undertaking the study.

Corresponding Author: Macherla Haribabu

Subramaniam, Department of Orthopaedics, Chet-

tinad Hospital and Research Centre, Kelambak-

kam, Rajiv Gandhi Salai, Chennai, Tamil Nadu

603103, India. Phone: þ91-9444102677; Email:

orthdrmhs@gmail.com.

Published 19 August 2021
This manuscript is generously published free of
charge by ISASS, the International Society for the
Advancement of Spine Surgery. Copyright � 2021
ISASS. To see more or order reprints or permis-
sions, see http://ijssurgery.com.

Subramaniam et al.

International Journal of Spine Surgery, Vol. 15, No. 4 751
 by guest on May 1, 2025https://www.ijssurgery.com/Downloaded from 

https://www.ijssurgery.com/

