Eur Spine J (2012) 21:2512-2519
DOI 10.1007/s00586-012-2307-y

ORIGINAL ARTICLE

Four-level anterior cervical discectomies and cage-augmented

fusion with and without fixation

Mootaz Shousha - Ali Ezzati - Heinrich Boehm

Received: 24 December 2010/ Revised: 4 March 2012/ Accepted: 8 April 2012/ Published online: 20 July 2012

© Springer-Verlag 2012

Abstract

Purpose  Anterior cervical decompression and fusion is a
well-established procedure for the treatment of cervical
spinal canal stenosis. In this study, we evaluated the
necessity of spinal instrumentation after four-level anterior
cervical decompression and cage fusion.

Methods From January 2006 until August 2008, 25 patients
(8 females and 17 males) (mean age 63.9 & 7.9 years) suf-
fering from spinal stenosis C3-C7 underwent anterior
decompression and interbody fusion. The patients were
divided into two groups. Four-level discectomy and cage
fusion was performed in all patients. In group A including
nine patients, posterior instrumentation with a lateral mass
screw-rod system was added, while in group B including 16
patients, additional instrumentation was not performed. The
mean duration of follow-up was 48.6 months (average
25-67 months).

Results  Clinically, the mean value for the Neck Disability
Index improved from 40 £ 23.25 at presentation to
16.31 £ 15.09 at the final follow-up. The difference between
the two groups was statistically not significant. Radiologi-
cally, the criteria for solid bony fusion were achieved
successfully in all patients of group A, and in 87.5 % of
patients in group B. The difference between the two groups
was statistically not significant. The fused segment was then
evaluated in the sagittal radiographs as regards the height and
the lordosis angle. The loss in the height as well as the loss in
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the lordosis angle was more when posterior instrumentation
was not added. However, the difference between the two
groups was not statistically significant.

Conclusion Stand-alone intersomatic cage fusion is an
acceptable line of treatment for four-level cervical disc
disease, both clinically and radiologically. Although the
addition of posterior instrumentation yields better radio-
logical results, the difference does not reach the statistical
significance level.

Keywords Cervical - Four-level - Cage - Fusion -
Instrumentation

Introduction

Cervical spondylosis is a progressive degenerative disease
of the intervertebral discs and adjacent vertebrae. Multi-
level affection of the cervical spine represents a challeng-
ing problem [3, 15]. A variety of anterior, posterior and
combined approaches with and without instrumentation has
been advocated [3]. As advanced cervical spondylosis most
typically involves compression of the cord by anterior
structures, the anterior approach allows for direct decom-
pression of the spinal cord and excision of these pathologic
elements [19]. The aim of surgery is to achieve an adequate
decompression of the spinal cord, restore or maintain
sagittal alignment, and avoid kyphosis [3]. Reconstruction
of the defect after discectomy is still a matter of debate
among spine surgeons. Autogenous tricortical iliac graft,
femoral ring allograft, bone cement, artificial disc, PEEK
cages and titanium cages have all been applied [2, 4, 7, 12,
13, 17, 23]. However, the choices become limited in four-
level disease. Furthermore, the necessity of adding anterior
and/or posterior instrumentation in multilevel disease is
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still debatable [3]. Recently, stand-alone cages have been
widely applied in mono- and bisegmental pathologies
[8, 16]. More recently, spine surgeons started to use the
stand-alone cage construct in multilevel cervical disc dis-
ease [2, 7, 12]. The aim of this study was to evaluate if
there are differences between cage-assisted fusion in four-
level cervical arthrodesis with and without additional
posterior stabilisation.

Materials and methods
Patients

A case series in which retrospective review of all patients
undergoing a primary four-level anterior cervical decom-
pression and fusion between 2006 and 2008 in our depart-
ment was performed. Patients with the diagnosis of cervical
spondylosis affecting four levels C3-7 and follow-up of
more than 2 years were included in the study (Fig. 1).
Patients with a history of rheumatoid arthritis or previous
cervical spine surgery as well as patients undergoing corp-
ectomy at any of the intervening levels were excluded from
the analysis. The search in the surgical database revealed a
total of 52 patients fulfilling these criteria. These patients
were again reanalysed in order to obtain a homogenous group
in whom a single type of implant was used, that is, all hybrid
constructs were excluded. At the end, a total number of 25
patients could be identified (8 females and 17 males) (mean
age 63.9 & 7.9 years). In these patients, anterior cervical
decompression and fusion was performed at the levels from
C3/4 to C6/C7 using a titanium rectangular cage, which was

Fig. 1 Cervical spondylosis and stenosis affecting four levels of the
cervical spine C3-7

developed in 2005 by the senior author (H.B.) (Fig. 2). These
25 patients representing the material of this study were
divided into two groups. The first group (group A) included
nine patients undergoing intersomatic decompression and
cage-assisted fusion C3-7, together with posterior lateral
mass fixation using lateral mass screw-rod system. In the
second group (group B) including 16 patients, stand-alone
interbody cages C3-7 without posterior fixation were
applied. The choice of the treatment modality was according
to the surgeon’s preference.

Surgical technique

The primary goal of surgical management of patients
enrolled in this study was decompression of the spinal cord.
Secondary surgical goals included stabilisation of the cer-
vical spine and realignment of the sagittal profile together
with correction of spinal deformity.

The patient was placed supine with mild neck extension
after induction of general endotracheal anaesthesia. A
right-sided approach was performed via a transverse or
longitudinal incision. The platysma was splitted in line
with its fibres. The prevertebral fascia and longus coli
muscles were mobilised to visualise the uncovertebral
joints. The operative levels were confirmed using fluoros-
copy and appropriate discectomy was performed starting
from the most cranial level C3/4. Caspar pins were used to
apply distraction as needed. With the aid of an operating
microscope, the posterior longitudinal ligament was
excised. This was followed by removal of the posterior
osteophytes to decompress the spinal cord. The nerve roots
were decompressed with meticulous foraminotomies. The
endplates were not decorticated in order to provide a stable
hard bed for the titanium cage avoiding its subsidence in
the subchondral bone. After adequate decompression, a
titanium rectangular cage (Medicage cervical, MEDICON)
(Fig. 2) was placed in the distracted intervertebral space
under microscopic visualisation of the dura facilitated by
the open design of the cage with multiple holes. After
verification of the cage position with fluoroscopy, the end
plate areas not in contact with the edges of the cage were
decorticated to provide a highly vascular fusion bed.
Thereafter, the cages were filled with autogenous iliac bone
graft harvested in a minimally invasive technique with the
aid of a special drill-trocar instrument.

In group A, the nine patients underwent simultaneous
posterior supplemental instrumentation with lateral mass
screw-rod system C3-7 in the same surgical setting
(Fig. 3), while in group B the operation was terminated
after the anterior surgery without internal fixation (Fig. 4).
After surgery, all patients were instructed to use a Phila-
delphia cervical collar for external immobilisation for a
period of 3 weeks.

@ Springer



2514 Eur Spine J (2012) 21:2512-2519

(b)
Fig. 2 The titanium rectangular cage used in this study. a Its anterior circular holes at its posterior aspect allow visualisation of the dural
aspect is opened to allow decortication of the endplates after sac during insertion. b The same cage seen from the side to show its

application as well as insertion of the bone graft for fusion. The lordotic profile

(b) (d)

Fig. 3 Plain radiography of a patient in group A with cervical stenosis C3-7 treated by anterior decompression and cage-augmented fusion
together with posterior stabilisation. a Preoperative, b immediately postoperative, ¢ 2 weeks after surgery, d at the final follow-up

(a) (b) (c) (d)

Fig. 4 Plain radiography of a patient in group B with cervical stenosis C3-7 treated by anterior decompression and cage-augmented fusion
without stabilisation. a Preoperative, b immediately postoperative, ¢ 2 weeks after surgery, d at the final follow-up
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Outcomes assessment

Clinical and radiographic follow-up was maintained for a
mean period of 48.6 months (average 25-67 months).
Clinical outcome was determined on the basis of a sub-
jective pain questionnaire according to the Neck Disability
Index (NDI). The questionnaire was completed immedi-
ately before surgery and at the final follow-up. The
improvement in symptoms was evaluated by calculating
the difference between the NDI at the final follow-up and at
presentation. Radiographic fusion was determined accord-
ing to anteroposterior and lateral cervical spine X-rays.
Fusion was defined by the presence of trabecular bone
across the interfaces without lucencies between the cage
and vertebral endplates, and bony bridging formation
between superior and inferior endplates [6]. The radio-
logical analysis was performed by two independent radi-
ologists in a blinded manner. Furthermore, the height as
well as the angle of the fused segment C3-7 were measured
and compared between the two groups preoperatively,
immediately after surgery and at the final follow-up.

Statistical analysis

Statistical tests used to analyse statistical significance
included the Fisher exact and > tests as well as the
Student’s ¢ test. Statistical significance was established at a
p value of less than 0.05. All statistical analyses were
performed using the SPSS program, version 11.5, on an
IBM compatible computer.

Results
Clinical outcome

Table 1 describes the two groups as regards gender, age
and follow-up time. The mean value for the NDI improved
from 40 + 23.25 at presentation to 16.31 + 15.09 at the
final follow-up. This improvement in the NDI reported a
mean value of 29.43 + 17.95 in group A and a mean value
of 20.83 & 18.86 in group B. The difference between the
two groups was statistically not significant (r = 1.02,
p = 0.33). Regarding the complications, one patient in

group A developed a right C5 palsy postoperatively on one
side. This was manifested by deltoid weakness grade 2
together with biceps weakness grade 4. However, full
recovery of the muscle power was reported 6 months
postoperatively. In group B, no complications were
reported.

Radiographic outcome

All nine patients in group A had demonstrable radiographic
fusion at the last follow-up examination, as demonstrated
by bridging bone between the vertebral bodies and the
absence of motion on dynamic X-rays. In group B, two
patients did not fulfil the criteria for solid bony fusion
(12.5 %). In the first patient, pseudoarthrosis was reported
between C4 and C6, while in the second patient, pseudo-
arthrosis occurred between C5 and C7. However, in both
patients no revision surgery was necessary due to the lack
of symptoms necessitating surgical intervention. The dif-
ference between the two groups as regards bony fusion did
not reach the statistical significance level (12 = 1.105,
p = 0.533). Regarding the lordosis angle of the fused
segment C3-7, there was no statistically significant dif-
ference between the two groups preoperatively. Comparing
the values reported at the final follow-up with those
obtained immediately after surgery revealed a loss of 10° in
group A. The amount of loss when posterior instrumenta-
tion was not added reported a value of 10.1° in group B.
The difference between the two groups was not statistically
significant (¢t = 0.023, p = 0.982). The same measure-
ments were reported for the height of the fused segment
C3-7. The amount of loss in segmental height was mark-
edly higher when posterior instrumentation was not added
(1.1 mm in group A and 5.14 mm in group B), but again
without statistical significance between the two groups
(t = 1.763, p = 0.094) (Fig. 5).

In order to evaluate the effect of age and accompanying
osteoporosis on the radiological results and whether this
factor should play a role in choosing the method of treat-
ment in long-segment cervical fusion, the patients were
divided into two subgroups: the first one included 10 cases
presenting all patients 65 years old and younger. The sec-
ond subgroup included 15 cases presenting all patients older
than 65 years. Again, the same radiological parameters

Table 1 Gender, age, and

foll time in the Gender Percent males Group A Group B p value
otlow-up time 1 the two 57.1 64.3 0.557
groups
Age Range 57-73 years 48-74 years 0.107
Mean 67.9 £ 5.336 61.9 £ 8.389
Follow-up time Range 25-27 months 29-55 months 0.266
Mean 53.3 £ 19.155 46.3 £ 9.244
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Fig. 5 The segmental lordosis (a) and segmental height (b) improved
significantly after surgery in both groups. A loss in the gained sagittal
lordosis occurred in both groups over the follow-up period. This loss
was more when instrumentation was not added but without statisti-
cally significant difference. Fact is that the values at the final follow-
up remained better in comparison to the preoperative values in both
groups

were reported and compared as shown in Tables 1 and 2. No
statistically significant difference was found between the
two treatment methods as regards segmental lordosis and
segmental height in the two age groups, denoting that
additional posterior stabilisation after long-segment cervi-
cal fusion in older patients is of no statistically significant
advantage.

Discussion

Why four-level cervical fusion

Anterior cervical discectomy and fusion has proved to be a
safe and effective procedure for the treatment of degener-

ative disc disease [12]. Performing this technique in cases
with multilevel cervical spinal canal stenosis is still

@ Springer

debatable as regards the type of implant applied and the
necessity of supplemental fixation. Studies dealing with
four-level cervical discectomy and fusion are scanty and
the published reports usually include a limited number of
patients [1, 2, 5, 12, 13].

Why posterior and not anterior instrumentation

Reviewing the literature as regards multilevel anterior cer-
vical fusion supplemented by stabilisation revealed a ten-
dency towards the application of anterior plating rather than
posterior instrumentation [1, 5,7, 12, 13, 18]. This is of course
advantageous in terms of avoiding performing an additional
surgery with a new posterior wound. However, posterior
instrumentation was chosen in this study for several reasons.
First, anterior plating after four-level discectomy and fusion
is known to have a higher rate of implant related complica-
tions than for short segment fusion. The problem of screw
breakage and screw pullout is well known and has been
reported by several investigators [7, 12]. This can lead in
extreme cases to oesophageal problems ranging from dys-
phagia to oesophageal perforation [7, 10]. Second and from a
biomechanical point of view, the posterior instrumentation’s
greater distance from the instantaneous axis of rotation rel-
ative to the anterior plate’s distance provides a greater
moment arm and enhances the stability of the construct in
flexion and compression [14].

Union and pseudoarthrosis

Because of increased biomechanical stress and the number
of bony interfaces, the pseudoarthrosis rate after a multi-
segmental anterior cervical fusion is directly correlated
with the number of levels treated [11, 22]. In 1997, Emery
et al. retrospectively reviewed 16 patients undergoing
anterior cervical discectomy and stand-alone graft fusion
for three-level disease. They reported a pseudoarthrosis
rate of 44 % and recommended that these patients should
undergo additional or alternative measures to achieve
arthrodesis consistently [9]. Anterior cervical plating with
tricortical iliac graft became in the later years the gold
standard for cervical fusion and was applied for multilevel
disease by several authors. The rate of fusion obtained was
more than 90 % in most of the series [5, 18]. Hwang et al.
studied multilevel cervical disc disease treated with tita-
nium cage fusion with and without addition of anterior
plating. Bony union could be achieved in more than 90 %
of their patients without significant intergroup difference
[12]. In 2008, Bucciero et al. reported about 10 patients
undergoing anterior cervical discectomy and stand-alone
PEEK cage fusion performed at four levels. They reported
97.5 % fusion rate and concluded that this method of
treatment could be safely applied in multilevel disease [2].
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g;la)\:ﬁezterzllrz;sgtggoiilctﬁle Group Preoperative Postoperative Last follow-up Correction loss
subgroup of patients <65 years Lordosis of the fused segment
A 5° 20° 13° 7°
B 4.86° 17.14° 10° 7.14°
t test 0.009 0.349 0.414 0.033
p value 0.993 0.739 0.693 0.975
Height of the fused segment
A 107 mm 122 mm 113 mm 9 mm
B 104.86 mm 114.14 mm 109.71 mm 4.43 mm
t test 0.187 1.063 0.39 —1.86
p value 0.858 0.329 0.71 0.112

Table 3 The radiological parameters reported in the subgroup of
patients >65 years

Group Preoperative  Postoperative  Last Correction

follow-up loss

Lordosis of the fused segment

A —5.5° 22.5° 12° 10.5°

B 5.29°¢ 21.71° 8.71° 13°

t test —1.369 0.156 0.644 0.607

p value 0.198 0.879 0.533 0.556
Height of the fused segment

A 96.17 mm 110.17 mm 110.2 mm 0 mm

B 100.57 mm 109.71 mm 103.86 mm  5.86 mm
t test —0.546 0.073 0.888 1.903

p value  0.596 0.943 0.393 0.084

Both Tables 2 and 3 demonstrate the values of segmental lordosis and
segmental height in both groups preoperatively, immediately after
surgery and at the final follow-up. The last column shows the amount
of correction loss calculated as the difference between the value at the
final follow-up and immediately after surgery

In the current study, patients undergoing four-level anterior
cervical discectomy and stand-alone cage fusion achieved
87.5 % fusion rate. On the other hand, patients in whom
supplemental posterior stabilisation was undertaken
achieved a fusion rate of 100 %. Despite this difference, no
statistically significant difference could be found between
the two groups as regards bony union. Although the results
obtained in the current work are not fully comparable with
the available publications; because we did not perform
anterior cervical plating and we did not use PEEK cages,
however fact is that with the use of titanium cages and
autogenous bone graft, solid bony arthrodesis in multilevel
cervical spine surgery could be achieved whether supple-
mental instrumentation is added or not.

Cage design and subsidence

Over the preceding years, the use of cages in the cervical
spine has increased because of their higher rate of success

and their ability to prevent disc space collapse, with the
potential advantages of indirect foraminal decompression
by restoration and preservation of disc height and lordosis
[20, 21]. Several designs of intervertebral cervical cages
have been developed in the last years. The interbody cage
used in this study is a rectangular one with posterior holes
and an anterior open window (Fig. 2). Furthermore, the
anterior aspect of the cage is higher than its posterior aspect
to facilitate the restoration of segmental lordosis. The
rectangular shape matches the vertebral bodies and allows
press-fitting of the implant against the uncovertebral joints,
safely resisting expulsion or retropulsion of the cage and
allowing fibrous union and osseous growth. The open
design with posterior holes allows visualisation of the dura
during insertion to ensure appropriate positioning of the
cage under direct vision. In order to minimise cage subsi-
dence, the cage is designed to be inserted without removal
of the endplate in order to provide a solid bed for the edges
of the cage. Only after placement, the central area of the
endplates not in contact with the edges of the cage could be
reamed through the open window at its anterior aspect.
Although the height of the fused segment at the final follow-
up was always diminished in comparison to immediately
after surgery regardless the method of treatment applied,
this value was always higher than preoperatively, denoting
that the final result is a gain in the height of the fused
segment. The non significant loss in segmental height is
surely due to some amount of cage subsidence. However,
this minimal settling of the cage and the contained bone
graft may even be beneficial leading to faster healing. This
opinion has also been adopted by Hwang et al. [12].

Necessity of instrumentation in cage fusion

The main aim of this work was to evaluate the necessity of
supplemental instrumentation after four-level cervical spine
fusion. From the clinical point of view, no intergroup dif-
ference has been identified. Radiologically and in terms of
bony union, although the addition of posterior stabilisation
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yields to a higher rate of bony fusion in comparison to
stand-alone cages, the difference between the two methods
of surgery is not statistically significant. Another point is
still of importance in the radiographic evaluation; namely
the sagittal profile. The amount of loss in segmental height
and in segmental lordosis was indeed higher when posterior
instrumentation was not added; however, the difference
between the two groups again did not reach the statistical
significance level. A similar result has been obtained by
Hwang et al., who evaluated titanium cage-augmented
fusion in three-level and four-level anterior cervical disc-
ectomies with and without anterior plate fixation. They even
reported a lower complication rate and a shorter hospital
stay in the group without plate fixation and concluded that
stand-alone cages in multilevel cervical disc disease are
better than with plate fixation [12]. These results have been
also confirmed by Cho et al., who included in their work a
group of 26 patients with three-level disease undergoing
stand-alone PEEK cage fusion and reported also satisfac-
tory results comparable with graft-plate construct [7]. The
same subject has been studied by Bucciero et al., who
applied stand-alone PEEK cage fusion in four-level cervical
disc disease. They concluded that this method of treatment
is an effective procedure for the treatment of such cases [2].

Limitations of this study

In this study a titanium rectangular cage has been applied
to accomplish cervical intersomatic fusion. The results
obtained might be limited to this implant type. However,
other implant designs as well as other implant materials
have been used in several other publications with similar
results [1, 2, 6, 7, 13]. Another issue was the limited
number of patients included in this work. 25 patients were
included with a test power of 60 % (one-tailed) or 46 %
(two-tailed). Because of its underpower, the study remains
limited in its statements. This restriction is due to the rarity
of four-level cervical spine affection. Reviewing the
available literature revealed scanty publications dealing
with four-level cervical intersomatic fusion and the number
of patients in each study is usually small [1, 2, 5, 12, 13]. A
multicenter study to include a larger number of patients
might be the solution to overcome this limitation.

Conclusion

Stand-alone cages filled with autogenous iliac bone graft
taken in a minimally invasive method represent a safe
technique of arthrodesis after four-level cervical interbody
decompression, even in elderly patients. Clinical outcome
is not influenced by the addition of posterior instrumenta-
tion. Although the loss in segmental lordosis and height as

@ Springer

well as the rate of pseudoarthrosis when posterior instru-
mentation is not added are more at the final follow-up, the
difference does not reach the statistical significance level.
Furthermore, the presence of radiological signs of pseu-
doarthrosis does not always reflect a bad clinical situation.

Conflict of interest None.
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