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ABSTRACT

Background Data: Anterior cervical discectomy and fusion (ACDF) is accepted as a standard surgical
treatment for cervical spondylotic myelopathy (CSM). The options for instrumentation in fusion include
standalone cage (SC) and conventional cage and plate (CCP). However, there is no clear consensus
regarding the superiority of the technique.

Purpose: To compare the radiologic and clinical outcomes between SC and CCP in ACDF for the
treatment of CSM.

Study Design: Ambispective clinical case study.

Patients and Methods: The patients who underwent ACDF for CSM using SC or CCP between January
2014 and December 2018 were included in the study. Forty-six patients out of 230 eligible patients were
included in the study. Twenty-six patients underwent CCP, while 20 underwent SC. They were subjected
to detailed neurologic and radiologic examination. Neurologic outcome was measured using the Nurick
and mJOA scores and dysphagia using the Bazaz score. Fusion was assessed by the presence of bridging
trabeculae and absence of movement between the spinous processes of the fused segments with lordosis
by Cobbs’ angle. We also reported cage subsidence, adjacent segment degeneration (ASD), and implant
complications.

Results: Mean follow-up was for four years. The most common level operated was C5/C6. Neurologic
status improved significantly in both groups following surgery. The rate of dysphagia was not different
between the groups. Fusion was achieved in 92.3% of the CCP group and 90% of the SC group (p > 0.05).
The rate of subsidence was higher in the SC group (p = .026). ASD changes were present in 57% of the
CCP group and 80% of the SC group at final follow-up but were insignificant. In both groups, improved

Address correspondence and reprint requests: Abhishek Vijayan, MD.
Department of Neurosurgery Govt Medical College, Thiruvananthapuram Kerala - 695011 India
E-mail: vijayan.abhishek@gmail.com

Submitted: August 10, 2021. The article does not contain information about medical device(s)/drug(s).
Accepted: September 23, 2021. | No funds were received in support of this work.
Published: October 2021. The authors report no conflict of interest.

Egy Spine J - Volume 40 - October 2021 65



EGYPTIAN R385

Journal

cervical and segmental lordosis were reported, and although the improvement was greater in the CCP

group, it was insignificant.

Conclusion: ACDF using both standalone and conventional cages and plates achieved comparable
neurologic improvement in CSM. Even though both had comparable fusion rates, cage subsidence was

high with standalone cages. (2021ESJ245)

Keywords: anterior cervical discectomy, fusion, standalone cage, conventional plate, cervical

spondylotic myelopathy

INTRODUCTION

Anterior cervical discectomy and fusion (ACDF)
for degenerative and traumatic pathologies of
the spine was pioneered by Cloward, Smith and
Robinson, and Dereymaker in the 1950s.1617%
Anterior approach directly addressed the ventral
compression, restored the lordosis, and produced
excellent clinical outcome.!'*4*% The strut grafts,
though produced sound fusion, resulted in multiple
complications due to migration and subsidence
and nonfusion in multilevel surgeries.!642:4553
This prompted the development of synthetic
cages anterior cervical plates for stabilization.”2!46
Presently, the popular translational plates allow
controlled loading of the graft and achieve better
fusion.*! However, the use of anterior plates not
without complications, including adjacent segment
disease (ASD)?, reoperation*’, dysphagia?’,
hoarseness %/, implant-related complications, and
high nonunion in multilevel surgery.** Standalone
cages (SC) were developed to reduce the profile
of the plate on the ventral surface of the vertebra,
thus reducing the dysphagia and the operative
time.>! Biomechanical studies comparing SC and
conventional cage and plates (CCP) revealed
comparable biomechanical stability between
the two designs.’” Duan et al.'® in 2016 reported
the higher postop mJOA score for SC than that
for the plates and also noted an increased rate
of subsidence and lower postop Cobb’s angles
for the SC group. In a recent metanalysis, Zhang
et al.>* concluded that the SC achieved similar
clinical relief compared to CCP and produced
fewer complications, whereas using CCP resulted
in better maintenance of the cervical lordosis.

Presently, the superiority of SC in terms of both
clinical and radiologic outcomes along with its
complications is not well established.

In the present study, we compare the outcomes
between SC and CCP in patients who underwent
ACDF for cervical spondylotic myelopathy
(CSM).

PATIENTS AND METHODS

This study was designed as an ambispective
comparative study pattern and was approved
by Institutional Ethics Committee. Patients
who underwent ACDF at one or two levels for
CSM in the department were considered for the
study. Inclusion criteria were patients with signs
and symptoms suggestive of CSM, concordant
findings suggestive of root or cord compression
on MRI, and failure of conservative treatment for
six weeks. Exclusion criteria were those with a
history of previous cervical spine surgery, patients
with congenital anomalies of the spine or ossified
posterior longitudinal ligament, and patients who
needed a posterior approach in addition to an
anterior approach.

The patients who fulfilled the criteria were
contacted telephonically and informed about the
study. The patients underwent detailed neurologic
examinations and cervical spine X-rays. Their
hospital records, preoperative MRI cervical spine
images, preoperative and postoperative cervical
spine X-rays including dynamic views, and records
of the follow-up visit were examined.

Among the 230 eligible patients who underwent
the operation during the study period, 153 patients
were contacted over the phone and invited for the
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study. Forty-six patients who had complete data
and were willing to participate were included in
the study. Overall follow-up was 20% in our study.
Surgical Procedure:

The involved levels were approached through the
right side using an oblique or a transverse neck
incision after confirming the level preoperatively
with the C arm. The Caspar retractor system was
used to retract the great vessels of the neck and
the tracheoesophageal complex. The longus colli
was detached from the anterior vertebral surface.
After annulotomy, a discectomy was done under
microscopic assistance. The disc space spreader
was used to retract the disc space using discectomy.
After complete discectomy, posterior longitudinal
ligament (PLL) was inspected for any defect and
fragments posterior to the PLL were also removed.
The osteophytes were thinned using a drill and
removed using Kerrison punches, confirmed
using the C arm. After satisfactory decompression
of the cord, the endplates were prepared, and
appropriately sized titanium cages (Cedix cage,
Jayon, Kerala, India) or SCs (Cedix P, Jayon,
Kerala, India), filled with bone from excised local
osteophytes, were impacted into the disc space
while avoiding over distraction. The SC with a
flange is allowed by placing a single screw into the
adjacent vertebral bodies through a screw hole in
the flange. For those with CCP, a contoured plate

W‘:‘ Q* A
L 4 .

(Acelock, Jayon, Kerala, India) of appropriate
length was placed over the adjacent segment and
fixed using four screws, 2 in each adjacent body
(Figures 1-3).

Patients received intravenous antibiotic
prophylaxis for 48 hours postoperatively. Patients
were usually discharged on the 5% postoperative
day. In the postoperative period, they were
given a semirigid collar. All of them underwent
rehabilitation in the physiotherapy department.
The follow-up visits were at 6 weeks, 3 months,
6 months, and 1 year and annually thereafter.
Follow-up cervical spine X-rays were obtained at
3 months, 6 months, and 1 year.

Clinical and Radiologic Outcome Parameters:
Nurick grade and mJOA (modified Japanese
Orthopedic Association Grade) scores were used
to assess the neurologic status preoperatively and

A B C
Figure 1. (A) Conventional titanium cage, (B) anterior

cervical locking plate, and (C) standalone cervical
titanium cage (Jayon, Kerala, India).

Figure 2. (A) Preoperative sagittal T2 image showing degenerated disc with osteophyte at the C5/C6 level with cord
signal changes. (B) Lateral view X-ray showing decreased disc height and posterior osteophyte at the same level.
(C) Postoperative lateral X-ray showing fusion with conventional cage and plate. (D) Follow-up X-ray at two years

showing sound bone fusion.
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Figure 3. Cervical spine lateral radiographs of a patient who underwent C5/C6 ACDF with standalone cage.
(A) Preoperative image showing reduced disc height with anterior and posterior osteophyte at C5/C6 level. (B)
Immediate postoperative image. (C) One year after surgery showing implant subsidence. (D) Four-year follow-up
showing sound bone fusion.

at follow-ups. Dysphagia was assessed using the
Bazaz score. Radiologic outcomes were assessed
using neutral and dynamic X-rays. The criteria
used for fusion were movement of <2 mm
between spinous processes of the fused segments
and absence of radiolucency between the implant
and the bony surface on lateral X-rays. Subsidence
was interpreted as migration of the cage more
than 2 mm into the adjacent bodies.*® The ASD
was assessed using criteria proposed by Chung et
al.’® The implant complications were defined by
the presence of any of the following; screw pull
out, screw breakage, plate loosening, and plate
breakage. Cervical lordosis was measured as the
Cobb angle between inferior endplates of C2 and
C7.12 Segmental angle was defined as the angle
between the superior endplate of the superior
vertebra and inferior endplate of the inferior
vertebra at the fused level.!?

Statistical Analysis:

Categorical and quantitative variables were
expressed as frequency (percentage) and
mean + SD, respectively. Chi-square test and
Fisher’s exact test were used to find an association
between categorical variables. Mann—Whitney
U test was used to compare selected quantitative
parameters between the types of surgery. For all
statistical interpretations, p < 0.05 was considered

the threshold for statistical significance. Statistical
analyses were performed using a statistical
software package SPSS, version 20.0.

RESULTS

Forty-six patients underwent discectomy, of
which 26 were in the CCP group and 20 in the
SC group. The follow-up duration for the entire
group ranged from 2 to 6 years. There was no
difference in demographic and baseline data
between the two groups. The mean age of the
CCP group was 45.62 + 11.32 (range, 26-70) years
and 49.10 £ 9.82 (range, 30—67) years for the SC
group. The baseline data of each group is given in
(Table 1).

The most common level operated was C5/C6 in
both groups, including 16 and 10 in the CCP and
SC groups, respectively. The neurologic status of
patients in both groups improved significantly from
their initial preoperative scores. However, there
was no significant intergroup difference at any
point in time (Table 2). Dysphagia was assessed
using the Bazaz grade. Transient mild dysphagia
was present in the immediate postoperative
period in three patients and two patients in the
CCP and SC group, respectively, which resolved
spontaneously in 4 weeks (Table 3).
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Fusion was achieved in 92.3% of patients in the  at 6 months postoperatively from the initial
CCP group, while this was 90% in the SC group  preoperative level. However, both groups tended
and the difference was not statistically significant  to partly lose this gain at the end of the follow-up
(p > 0.05). The cervical lordosis had increased  (Table 4).

Table 1. Demographic and baseline clinical variables.

Parameters Conventional group (n = 26) Standalone group (n = 20)
Age/years 45.62+11.32 (26-70) 49.10+9.82 (30-67)
Sex (male/female) 21/5 11/10
Comorbidities (%) 10 (38.5) 6 (30.0)

Smoking (%) 10 (38.5) 4(20.0)

Associated radiculopathy (%) 12 (46.2) 10 (50.0)
Single-level ACDF (%) 16 (61.5) 15 (75.0)
Double-level ACDF (%) 10 (38.5) 5(25.0)

Details of operated levels (%)

C3/C4 4(11.1) 4 (16)

C4/C5 5(13.9) 6 (24)

C5/C6 16 (44.4) 10 (40)

C6/C7 11 (30.6) 5(20)

Table 2. Neurologic outcome in both groups of study’s patients.

Neurologic status

Conventional group Standalone group p value

Preoperatively 3.00+1.02 2.90+1.02 0.743

Nurick Grade 6 months postoperatively  2.35+1.41 2.15+1.14 0.615
Final follow-up 1.19+0.69 1.2+0.41 0.743
Preoperatively 12.46+2.90 13.15+1.98 0.368

mJOA Score 6 months postoperatively  13.12+3.10 14.20+2.59 0.214
Final follow-up 16.15+2.27 16.85+1.27 0.226

Table 3. Bazaz’s grading for dysphagia.®

Symptom severity = Liquid food Solid food

None None None

Mild None Rare

Moderate None or rare Occasionally

Severe None or rare Frequent (majority of solid foods)

Table 4. Cervical lordosis and segmental angle in both groups of study’s patients.

Radiological parameters Conventional group Standalone group p value
Preoperatively 19.52+6.13 (12-33) 18.00+7.36 (0-30) 0.454

Cervical lordosis 6 months postoperatively 25.00 (15-37) 21.50 (4-40) 0.130
Final follow-up 23.00 (15-33) 20.00 (3-30) 0.088
Preoperatively 3.68+1.93 (0-9) 3.50+3.03 (2-10) 0.810

Segmental angle 6 months postoperatively 5.08+1.55(2-9) 4.45+2.91 (0-10) 0.352
Final follow-up 4.23+2.29 (0-8) 3.20+£2.12 (0-7) 0.125
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Preoperative radiologic evidence of ASD
degenerative changes was present in preop X-rays
of 34.6% of the CCP group, while this was 55%
in the SC group. Radiographic ASD changes were
present in 57% of the CCP group, while this was
80% in the SC group at final follow-up and this
was not statistically significant (p > 0.05). Two
patients in the CCP group and one in the SC
group had implant-related complications. All of
those were screw pullouts. Subsidence, defined
as the migration of the cage into the adjacent
vertebral body, was present in 5 patients in the SC
group, whereas none in the CCP group showed
subsidence, which was significant (p = 0.026). Four
of these SC subsided cranially, while SC subsided
both cranially and caudally in the fifth SC patient.
In three patients, subsidence occurred within three
months postop, while two patients developed
subsidence after three months. However, these
patients were not symptomatic for subsidence and
eventually achieved fusion without any additional
treatment.

There was no incidence of any wound infection,
vascular or esophageal injury, or CSF leak in any
of the study patients. One patient in the SC group
had developed quadriparesis due to postoperative
hematoma, which needed urgent evacuation. The
patient improved following the evacuation of the
hematoma.

DISCUSSION

The reported improvement in neurologic status
in both groups is reflected in mJOA and Nurick
scores at 6 months postoperatively and at the final
follow-up. This points to the effectiveness of the
ACDF in addressing the pathology and achieving
a thorough decompression in CSM patients.
This is in line with the results from numerous
studies®1%17192028 in the literature.

Dysphagia is a relatively common occurrence
after ACDF with varying rates from 2% to
67%. Bazaz et al.’ have reported an incidence of
chronic dysphagia beyond three months in 12%—

35% following ACDF. The possible causes of
dysphagia include soft tissue edema, postoperative
hematoma, esophageal adhesion following
surgery, multiple levels operated, and the thickness
and design of plates.?*3 SC has been associated
with a low incidence of dysphagia compared to
CCP.1'#%0 However, our study did not find any
difference in dysphagia among the groups (2 in
CCP groups vs. 3 in SC group). All those patients
had transient mild postoperative dysphagia, which
resolved completely in 4 weeks.

At final follow-up, radiographic fusion was
achieved in 92.3% in the CCP group and 90% in
the SC group. The difference between the groups
was not significant. However, the patients who
did not achieve radiographic fusion were clinically
asymptomatic. There have been contrasting reports
of the correlation between clinical outcomes and
nonunion. Philips et al.** concluded that nonunion
is frequently associated with poor outcomes and
revision surgery improved the eventual outcome.
However, Shiban et al.*8, in a retrospective analysis
of 194 patients, who underwent ACDF with
SC, with a mean follow-up of 36 months, stated
that the clinical outcome is unaffected by fusion
status. Noordhoek et al.**, in a systematic review
evaluating fusion after ACDF, reported 15 studies
that found no association between bony fusion
and clinical outcome. This lack of symptoms can
be due to stable fibrous union, whereas mobile
nonunion can lead to symptoms.*® Thus, the
nonunion group in the present study needs further
long-term follow-up to ascertain whether they will
become symptomatic in the future.

Subsidence, defined as the migration of the
cage into the adjacent vertebral body through
weakened endplate, is another complication seen
with cages, with rates up to 61% in SCs. However,
various studies have used different criteria for
subsidence.??>% The differing incidence of
subsidence in various studies should be interpreted
with this in mind. The opinion is varied as to the
impact of subsidence on clinical outcomes. In a
retrospective study comparing SC and CCP, Jin et
al.? reported that the occurrence of subsidence had
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no impact on the fusion or clinical outcome. The
reported risk factors include damaged endplate
during endplate preparation, over the distraction
of the disc space with oversized cages, titanium
cages, bone mineral density, and preoperative
cervical alignment.??>4

In our series, the subsidence occurred in 5
patients (20%) in the SC group, whereas there
was no subsidence in the CCP group, which was
significant (p = 0.026). Four of these SC subsided
cranially, while in the fifth SC patient, SC subsided
both cranially and caudally. We attribute this to
two factors: the use of titanium cages and the
absence of stress shielding in SCs. The anterior
cervical plates, with its cantilever effect, produce
stress shielding on the implant and only partial
loading of the cage, thereby resulting in controlled
subsidence, which does not occur in SC. The
titanium cages have different modulus of elasticity
compared to the comparable modulus of vertebral
bone. Due to resultant modulus mismatch, the
endplates are exposed to greater load, leading to
endplate failure.?? Thus, the repeated loading and
stiffer titanium cages might have contributed to
the higher incidence of subsidence in our series
The anterior overhang of the superior endplate
exposes the anterior part of the endplate to greater
load from the cages during flexion movements.
This can also predispose to subsidence.

Increased lordotic curvature of the cervical spine in
the postoperative period is reported to be associated
with better neurologic outcome*’. Katsuura et
al.? concluded that patients with postoperative
kyphosis were more prone to ASD than patients
with normal curvature. These findings suggest the
importance of achieving lordosis during surgery.
Restoration of cervical lordosis is one of the
highlights of the anterior cervical fusion compared
to the posterior approach *2. This gain in lordosis
is greater in multilevel fusion.*3! Although there is
a lack of consensus, many authors have observed
that the lordosis achieved with SC is less than
that with CCP.3!3 The clinical implication of this
finding on the long-term outcome of the patient
is not yet clear. In the present study, fusion with

both types of implants improved global cervical
and segmental lordosis in respective groups, more
so in the CCP group. Both groups lost part of
this gain over some time till the final follow-up.
This can be due to the progression of the original
pathology. Although this was not significant, the
tendency for improvement in cervical lordosis was
visible more so in the CCP group.

Adjacent segment degeneration is a well-known
complication after ACDF. There is no consensus
on the etiology of ASD as to whether it is the
result of the fusion surgery or the result of the
progressive degenerative process. The reported
rate of ASD ranges from 25% to 92%.?* Hilibrand
et al.? reported an annual incidence of ASD of
2.5% per year with a 10-year cumulative incidence
of 25.9%. However, the authors differentiated
between two entities: radiologic ASD and
clinically symptomatic ASD. Various risk factors
for ASD include age, cervical alignment, range
of motion (ROM), excessive distraction, and long
plate extending to adjacent disc space.”** One
of the reported advantages of the SC over CCP
is decreased incidence of ASD. In our study, we
did not observe any difference in the occurrence
of ASD between the SC group and CCP group.
Radiologic evidence of ASD increased from
34.6% in the preoperative period to 57% at final
follow-up in the CCP group, while these were 55%
and 80 % in the preoperative and final follow-up,
respectively, for the SC group. The intergroup
difference was not statistically significant at the
final follow-up. These patients were clinically
asymptomatic and were managed expectantly.
Screw pullout was noted in three patients: 2 in the
CCP group and one in the SC group, which was
not significant. All of them had achieved bony
fusion after surgical removal of the backed-out
SCrews.

This study has some limitations. It was designed
as an ambispective pattern and the patient
response rate was 20%. The restriction on travel
due to the COVID-19 pandemic and the patient
apprehension about attending the clinic in the
hospital, which was a COVID treating center,
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can be among the reasons for the low response
rate. Patients underwent operations by different
surgeons, which can introduce heterogeneity
in the population. The study results should be
interpreted while keeping the small sample size
in mind.

CONCLUSION

ACDF using both standalone and conventional
cages and plate achieved comparable neurologic
improvement in cervical spondylotic myelopathy.
Although both had comparable fusion rates, cage
subsidence was high with SCs.

REFERENCES

1. An HS, Simpson JM, Glover JM, Stephany
J: Comparison between allograft plus
demineralized bone matrix versus autograft
in anterior cervical fusion. A prospective
multicenter study. Spine (Phila Pa 1976)
20(20): 2211-2216, 1995

2. Baba H, Furusawa N, Imura S, Kawahara
N, Tsuchiya H, Tomita K: Late radiographic
findings after anterior cervical fusion for
spondylotic myeloradiculopathy. Spine (Phila
Pa 1976) 18(15):2167-2173, 1993

3. Badhiwala JH, Witiw CD, Nassiri F, Akbar
MA, Mansouri A, Wilson JR, et al: Efficacy
and safety of surgery for mild degenerative
cervical myelopathy: Results of the AO Spine
North America and International Prospective
Multicenter Studies. Neurosurgery 84(4):890-
897, 2019

4. Basques BA, Louie PK, Mormol J, Khan JM,
Movassaghi K, Paul JC, et al: Multi-versus
single-level anterior cervical discectomy and
fusion: comparing sagittal alignment, early
adjacent segment degeneration, and clinical
outcomes. Eur Spine J 27(11):2745-2753,
2018

10.

11.

12.

. Bazaz R, Lee MJ, Yoo JU: Incidence of

dysphagia after anterior cervical spine surgery:
a prospective study. Spine (Phila Pa 1976)
27(22):2453-2458, 2002

Bishop RC, Moore KA, Hadley MN: Anterior
cervical interbody fusion using autogeneic and
allogeneic bone graft substrate: a prospective

comparative analysis. J Neurosurg 85(2):206—
210,1996

Bohler J, Gaudernak T: Anterior plate
stabilization for fracture-dislocations of the
lower cervical spine. J Trauma 20(3):203-205,
1980

Burkhardt JK, Mannion AF, Marbacher S,
Kleinstuck FS, Jeszenszky D, Porchet F:
The influence of cervical plate fixation with
either autologous bone or cage insertion on
radiographic and patient-rated outcomes after
two-level anterior cervical discectomy and
fusion. Eur Spine J 24(1):113-119, 2015

Carrier CS, Bono CM, Lebl DR: Evidence-
based analysis of adjacent segment
degeneration and disease after ACDF: a
systematic review. Spine J 13(10):1370-1378,
2013

Chang SW, Kakarla UK, Maughan PH,
DeSanto J, Fox D, Theodore N, et al: Four-
level anterior cervical discectomy and
fusion with plate fixation: radiographic and
clinical results. Neurosurgery 66(4):639-646;
discussion 646-647, 2010

Chen Y, Chen H, Cao P, Yuan W: Anterior
cervical interbody fusion with the Zero-P
spacer: mid-term results of two-level fusion.
Eur Spine J 24(8):1666-1672, 2015

Chen Y, Liu Y, Chen H, Cao P, Yuan W:
Comparison of curvature between the Zero-P
spacer and traditional cage and plate after
3-Level anterior cervical discectomy and
fusion: Mid-term results. Clin Spine Surg
30(8):E1111-E1116, 2017

72

Egy Spine J - Volume 40 - October 2021



EGYPTIAN B2

Journal

13.

14.

15.

16.

17.

18.

19.

20.

Cheung ZB, Gidumal S, White S, Shin J,
Phan K, Osman N: Comparison of anterior
cervical discectomy and fusion with a stand-
alone interbody cage versus a conventional
cage-plate technique: A systematic review and
meta-analysis. Glob Spine J 9,446-455, 2018

Chong E, Pelletier MH, Mobbs RJ, Walsh
WR: The design evolution of interbody cages
in anterior cervical discectomy and fusion: a
systematic review. BMC Musculoskelet Disord
16:99, 2015

Chung JY, Kim SK, Jung ST, Lee KB: Clinical
adjacent-segment pathology after anterior
cervical discectomy and fusion: results after

a minimum of 10-year follow-up. Spine J
14(10):2290-2298, 2014

Cloward RB: The anterior approach for
removal of ruptured cervical disks. J Neurosurg
15(6):602—-617, 1958

Cloward RB: The anterior surgical approach
to the cervical spine: the Cloward Procedure:
past, present, and future. The presidential
guest lecture, Cervical Spine Research Society
Spine (Phila Pa 1976) 13(7):823-827, 1988
Duan Y, Yang Y, Wang Y, Liu H, Hong
Y, Gong Q, et al: Comparison of anterior
cervical discectomy and fusion with the zero-
profile device versus plate and cage in treating

cervical degenerative disc disease: A meta-
analysis. J Clin Neurosci 33:11-18, 2016

Elsayed A, Sakr S: Fixation of multiple level
anterior cervical disc using cages versus
cages and plating. Egypt J Neurol Psychiatry
Neurosurg 2019, doi:10.1186/s41983-019-
0062-2

Fehlings MG, Wilson JR, Kopjar B, Yoon ST,
Arnold PM, Massicotte EM, et al: Efficacy and
safety of surgical decompression in patients
with cervical spondylotic myelopathy: results
of the AO Spine North America prospective
multi-center study. J Bone Joint Surg Am
95(18):1651-1658, 2013

21.

22.

23.

24.

25.

26.

27.

28.

Haid RW, Foley KT, Rodts GE, Barnes B:
The Cervical Spine Study Group anterior
cervical plate nomenclature. Neurosurg Focus
12(1):E15, 2002

Heary RF, Parvathreddy N, Sampath S,
Agarwal N: Elastic modulus in the selection
of interbody implants. J Spine Surg 3(2):163—
167, 2017

Hilibrand AS, Carlson GD, Palumbo MA,
Jones PK, Bohlman HH: Radiculopathy and
myelopathy at segments adjacent to the site
of a previous anterior cervical arthrodesis. J
Bone Joint Surg Am 81(4):519-528, 1999

Hilibrand AS, Robbins M: Adjacent segment
degeneration and adjacent segment disease:
the consequences of spinal fusion? Spine J 4(6
Suppl):190S-194S, 2004

Igarashi H, Hoshino M, Omori K, Matsuzaki
H, Nemoto Y, Tsuruta T, et al: Factors
influencing interbody cage subsidence
following anterior cervical discectomy and
fusion. Clin Spine Surg 32(7):297-302, 2019
Jin ZY, Teng Y, Wang HZ, Yang HL, Lu
YJ, Gan Mf: Comparative analysis of cage
subsidence in anterior cervical decompression
and fusion: Zero profile anchored spacer
(ROI-C) vs. conventional cage and plate
construct. Front Surg 2021, doi:10.3389/
fsurg.2021.736680

Jung A, Schramm J: How to reduce recurrent
laryngeal nerve palsy in anterior cervical spine
surgery: a prospective observational study.
Neurosurgery 67(1):10-5; discussion 15, 2010

Karim SM, Cadotte DW, Wilson JR, Kwon BK,
Jacobs WB, Johnson MG, et al: Effectiveness
of surgical decompression in patients with
degenerative cervical myelopathy: Results of

the Canadian prospective multicenter study.
Neurosurgery 89(5):844-851, 2021

Egy Spine J - Volume 40 - October 2021

73



29.

30.

31.

32.

33.

34.

35.

36.

EGYPTIAN R385

Journal

Katsuura A, Hukuda S, Saruhashi Y, Mori K:
Kyphotic malalignment after anterior cervical
fusion is one of the factors promoting the

degenerative process in adjacent intervertebral
levels. Eur Spine J 10(4):320-324, 2001

Lee DH, Cho JH, Hwang CJ, Lee CS,
Cho SK, Kim C, et al: What is the fate of
pseudarthrosis detected 1 year after anterior
cervical discectomy and fusion? Spine (Phila
Pa 1976) 43(1):E23-E28, 2018

Lee HC, Chen CH, Wu CY, Guo JH,
Chen YS: Comparison of radiological
outcomes and complications between
single-level and multilevel anterior cervical
discectomy and fusion (ACDF) by using
a polyetheretherketone (PEEK) cage-plate
fusion system. Medicine (Baltimore) 2019,
doi:10.1097/MD.0000000000014277

Lee MJ, Bazaz R, Furey CG, Yoo J: Influence
of anterior cervical plate design on Dysphagia:
a 2-year prospective longitudinal follow-up
study. J Spinal Disord Tech 18(5):406—409,
2005

LiJ, Li Y, Kong F, Zhang D, Zhang Y, Shen
Y: Adjacent segment degeneration after single-
level anterior cervical decompression and
fusion: disc space distraction and its impact on
clinical outcomes. J Clin Neurosci 22(3):566—
569, 2015

Noordhoek I, Koning MT, Vleggeert-Lankamp
CLA: Evaluation of bony fusion after anterior

cervical discectomy: a systematic literature
review. Eur Spine J 28(2):386-399, 2019

Phillips FM, Carlson G, Emery SE, Bohlman
HH: Anterior cervical pseudarthrosis. Natural
history and treatment. Spine (Phila Pa 1976)
22 (14):1585-1589, 1997

Rihn JA, Kane J, Albert TJ, Vaccaro AR,
Hilibrand AS: What is the incidence and
severity of dysphagia after anterior cervical
surgery? Clin Orthop Relat Res 469(3):658—
665, 2011

37.

38.

39.

40.

41.

42.

43.

44.

Scholz M, Reyes PM, Schleicher P, Sawa AG,
Baek S, Kandziora F, et al: A new stand-alone
cervical anterior interbody fusion device:
biomechanical comparison with established
anterior cervical fixation devices. Spine (Phila
Pa 1976) 34(2):156-160, 2009

Shiban E, Nies M, Kogler J, Kogler L, da
Cunha P R, Meyer B, et al: No correlation
between radiological and clinical outcome

1 year following cervical arthrodesis. Acta
Neurochir (Wien) 160:845-53, 2018

Smith GW, Robinson RA: The treatment of
certain cervical-spine disorders by anterior
removal of the intervertebral disc and
interbody fusion. J Bone Joint Surg Am 40-
A(3):607-624, 1958

Song KJ, Taghavi CE, Lee KB, Song JH,
Eun JP: The efficacy of plate construct
augmentation versus cage alone in anterior
cervical fusion. Spine (Phila Pa 1976) 34(26):
2886-2892, 2009

Steinmetz MP, Benzel EC, Apfelbaum RI:
Axially dynamic implants for stabilization of
the cervical spine. Neurosurgery 59(4 Suppl
2): ONS378-ONS388; discussion ONS388—
ONS389, 2006

Swank ML, Lowery GL, Bhat AL,
McDonough RF: Anterior cervical allograft
arthrodesis and instrumentation: multilevel
interbody grafting or strut graft reconstruction.
Eur Spine J 6(2):138-143, 1997

Veeravagu A, Cole T, Jiang B, Ratliff JK:
Revision rates and complication incidence
in single- and multilevel anterior cervical
discectomy and fusion procedures: an

administrative database study. Spine J
14(7):1125-1131, 2014

Wang JC, McDonough PW, Endow KK,
Delamater RB: Increased fusion rates with
cervical plating for two-level anterior cervical

discectomy and fusion. Spine (Phila Pa
1976)25(1):41-45, 2000

74

Egy Spine J - Volume 40 - October 2021



EGYPTIAN B2

Journal

45.

46.

47.

48.

49.

50.

51.

Wigfield CC, Nelson RJ: Nonautologous
interbody fusion materials in cervical spine
surgery: how strong is the evidence to justify
their use? Spine (Phila Pa 1976) 26(6):687—
694, 2001

Wright IP, Eisenstein SM: Anterior
cervical discectomy and fusion without
instrumentation. Spine (Phila Pa 1976)
32(7):772-775, 2007

Wu WIJ, Jiang LS, Liang Y, Dai LY: Cage
subsidence does not, but cervical lordosis
improvement does affect the long-term results
of anterior cervical fusion with stand-alone
cage for degenerative cervical disc disease: a
retrospective study. Eur Spine J 21(7):1374-
1382, 2012

Yang JJ, Yu CH, Chang BS, Yeom JS, Lee
JH, Lee CK: Subsidence and nonunion after
anterior cervical interbody fusion using a
stand-alone polyetheretherketone (PEEK)
cage. Clin Orthop Surg 3(1):16-23, 2011
Yang L, Gu Y, Liang L, Gao R, Shi S, Shi
J, et al: Stand-alone anchored spacer versus
anterior plate for multilevel anterior cervical
diskectomy and fusion. Orthopedics 35(10):
e1503-e1510, 2012

Yang Y, Ma L, Liu H, Xu M: A meta-analysis
of the incidence of patient-reported dysphagia
after anterior cervical decompression and
fusion with the zero-profile implant system.
Dysphagia 31(2):134-145, 2016

Yin M, Ma J, Huang Q, Xia Y, Shen Q, Zhao
C, etal: The new Zero-P implant can effectively
reduce the risk of postoperative dysphagia and

52.

53.

54.

complications compared with the traditional
anterior cage and plate: a systematic review
and meta-analysis. BMC Musculoskelet
Disord 2016, doi:10.1186/s12891-016-1274-6

Yue W, Brodner W, Highland TR: Long-term
results after anterior cervical discectomy and
fusion with allograft and plating: a 5-to 11-
year radiologic and clinical follow-up study.
Spine (Phila Pa 1976) 30(19):2138-2144, 2005

Zdeblick TA, Ducker TB: The use of freeze-
dried allograft bone for anterior cervical
fusions. Spine (Phila Pa 1976) 16(7):726-729,
1991

Zhang D, Liu B, Zhu J, Li C, Wei F, Yuan Y,
et al: Comparison of clinical and radiologic
outcomes between self-locking stand-alone
cage and cage with aAnterior plate for
multilevel anterior cervical discectomy and

fusion: A meta-analysis. World neurosurgery
125, el17-e131, 2019

LIST OF ABBREVIATIONS

ACDF: Anterior Cervical Discectomy and Fusion
ASD: Adjacent Segment Degeneration

CCP: Conventional Plate
CSM: Cervical Spondylotic Myelopathy
mJOA Score: modified Japanese Orthopedic

Association Score
PLL: Posterior Longitudinal Ligament
ROM: Range of movement

SC: Standalone Cage
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