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Background: Anterior cervical discectomy and fusion (ACDF) constitutes the conventional treatment of
cervical disc herniation due to degenerative disc disease (DDD). ACDF with plating presents a variety of
complications postoperatively and stand-alone cages are thought to be a promising alternative. The aim of
this study was firstly, to analyze prospectively collected data from a sample of patients treated with single
ACDF using C-Plus self-locking stand-alone PEEK cage system, without the use of plates or screws, in order
to evaluate pain levels of patients, utilizing Neck and Arm Pain scale as an expression of visual analogue scale
(VAS). Secondly, we aimed to evaluate health-related quality of life, via the short-form 36 (SF-36) and Neck
Disability Index (NDI).

Methods: Thirty-six patients (19 male and 17 female) with mean age 49.6+7 years old who underwent
successful single ACDF using self-locking stand-alone PEEK cage for symptomatic cervical DDD were
selected for the study. Neck and Arm pain, as well as SF-36 and NDI were estimated preoperatively and 1, 3,
6, and 12 months postoperatively. Patients underwent preoperative and postoperative clinical, neurological
and radiological evaluation.

Results: The clinical and radiological outcomes were satisfactory after a minimum 1-year follow-up.
All results were statistically important (P<0.05), excluding improvement in NDI measured between 6 and
12 months. SF-36, Neck Pain, as well as Arm Pain featured gradual and constant improvement during
follow-up, with best scores presenting at 12 months after surgery, while NDI reached its best at 6 months
postoperatively.

Conclusions: Generally, all scores showed improvement postoperatively during the different phases of the
follow-up. Subsequently, ACDF using C-Plus cervical cage constitutes an effective method for cervical disc
herniation treatment, in terms of postoperative improvement on pain levels and health-related quality of life

and a safe alternative to the conventional method of treatment for cervical DDD.
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Introduction

Anterior decompression of the cervical spine was first
introduced by Smith and Robinson and it was established
by Cloward as a treatment of the cervical disc degeneration
disease (DDD) (1-3). Since then, anterior cervical
discectomy/decompression and fusion (ACDF) is used as the
standard procedure for the treatment of single and multiple-
level cervical DDD (4-6). ACDF is believed to have several
advantages compared to discectomy alone (7). However,
the scarcity of randomized studies is in accordance with the
lack of an established gold standard method concerning
ACDF (3). ACDF procedures with anterior cervical plating
are thought to enhance stabilization with improvement
in fusion, cervical alignment, implant subsidence and
failure rates (8-10). Nevertheless, complications including
increased dysphagia rates and implant-associated problems
such as breakage, loosening of screws, screw penetration
to endplate and fractures have been reported, especially in
multilevel ACDF (11-14). Over the last decades, questions
have also arisen in regards to the ideal technique (15) and
the optimal material for ACDF (16).

After the use of autografts and allografts (17-19), the
intervertebral cages, with or without plating, have become
the most commonly used intervertebral implants (20,21).
Cages were first used because of their theoretical ability
to preserve disc height, restore lordosis and prevent
implant collapse. The literature is abundant in studies
comparing cages of different materials with autologous iliac
bone implants as a control (3,22) and studies comparing
anterior cervical discectomy with cage interbody fusion
system (23). Cages that are filled with cancellous bone
reduce donor pain, which is a common problem associated
with iliac implants (24). There are several types of cages
available for ACDF, including titanium, carbon fiber and
polyetheretherketone (PEEK) cages. Complications from
the use of ACDF using an interbody cage with anterior
cervical plating have led some researchers to examine new
systems to avoid these problems (25). Recently, a new type
of self-locking stand-alone PEEK cage with no plates or
screws has been designed. This cage has anti-migration
teeth which are considered to be similar to a plate and
screws, offering immediate stabilization. Studies have also
shown that these cages can effectively restore cervical
lordosis, and reduce plate-related complications (26).

C-Plus™ PEEK IBF System is an interbody fusion system
designed to provide stability and anatomic restoration,
facilitating fusion when used with autogenous bone graft.
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It is indicated for intervertebral body fusion of the spine in
skeletally mature patients and intended for use at single level,
from the C2-C3 disc to the C7-T1 disc, for the treatment
of cervical DDD. The anatomic shape fits with the vertebral
endplate, and the implant cage has a lordotic angle. Anti-
backout teeth also act as additional stabilizers. The aim is to
reduce instrumentation and the morbidity associated with
traditional cervical anterior plating, while maintaining the
benefits of interbody cages with anterior plating. We report
our early experience on a prospectively collected series of
patients treated with the C-Plus PEEK IBF System, at single
level, and followed up to 12 months after surgery; indications,
procedure steps, clinical outcomes and complications related
to such new system are described. Although stand-alone
cages have been frequently used for ACDF, the literature is
still lacking studies evaluating both pain levels and quality
of life regarding the use of new cages. The initial hypothesis
stated that the parameters tested would present statistically
important and gradual improvement postoperatively.

Methods
Patient population

All patients of our study were diagnosed with cervical DDD
and they had filled all the indications for ACDEF. All patients
were referred to the same orthopaedic spine surgeon (SK)
and all the procedures were performed at the same hospital,
Interbalkan European Medical Center. Patients agreed
to participate in the study and signed a fully informed
written consent. The study has been approved by the
hospital committee (Interbalkan European Medical Center,
Thessaloniki, Greece) and the local ethics committee.
Inclusion criteria included: (I) adult individuals aged over
18 years old; (II) symptomatic cervical disc disease with
cervical radiculopathy (including neck or arm pain and/or
sensory/motor neurologic deficit on clinical examination),
confirmed by magnetic resonance imaging (MRI) of the
cervical spine, in compliance with clinical findings; (III)
failure of at least 6 weeks of conservative treatment; (IV)
single level cervical herniated disc. Exclusion criteria were:
(I) multiple level cervical disc degeneration; (II) previous
cervical spine surgery; (III) pre-operative dysphagia; (IV)
allergy to cage materials; (V) active malignancy or infection
or body mass index (BMI) >40; (VI) segmental instability;
(VII) present vertebral fracture; (VIII) active rheumatic
disease or metabolic bone disease affecting the cervical
spine; (IX) pregnancy; (X) history of psychiatric disorder or
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recent substance abuse.

Between December 2015 and December 2016, 53
consecutive patients were selected to undergo ACDF for
cervical disc herniation at levels from C3-C4 down to
C6-C7 presenting with cervical radicular syndrome after
failing conservative treatment for at least 6 weeks and
corresponding findings on MRI. The implantation involved
C-Plus self-locking stand-alone PEEK cages. Of those 53
patients, 39 (74%) patients had one level disease and were
included in the study according to the criteria above. The
rest 14 (26%) patients had multiple level disease. From the
39 patients, 37 were selected to participate in a one-year
follow-up. During the follow-up period only one patient
was lost (3%). The patient study sample consisted of 19
(53%) male and 17 (47%) female patients with ages ranging
from 27 to 68 years (mean 49.6+7 years). Of the 36 enrolled
patients 28 (78%) underwent ACDF at the C5-C6 level,
which was the most common location. Cages with a 7-mm
height were the most frequently implanted. Their health-
related quality of life was evaluated by using the Neck
and Arm pain as a form of visual analogue scale (VAS), as
well as short-form 36 (SF-36) and Neck Disability Index
(NDI). Patients were asked to complete the measurements
immediately before surgery and postoperatively. They were
estimated preoperatively and 1, 3, 6, and 12 months after
the ACDF.

Surgical methods

A standard surgical technique for anterior cervical
microdiscectomy was used (23). Stand-alone cervical anterior
interbody fusion devices have already been used (27). All
patients were monitored in terms of blood pressure, pulse
rate, oxygen saturation and electrocardiographic signals. All
patients were operated by the same orthopaedic surgeon
(SK) using a standard, right-sided, Smith-Robinson
technique. The surgical exposure involving access to the
operating site and retraction of the tissues using minimal
instrumentation. The trachea, esophagus, and coronary
artery were retracted in order to clearly see the vertebral
bodies and discs. The confirmation of level was done with
the insertion of a marker into the disc and confirmation of
the correct operative level utilizing a lateral radiograph.
The discectomy and endplate preparation were performed
using a curette and a rasp. This was followed by removal
of the posterior longitudinal ligament, any disc material
pressing the spinal cord and/or nerve roots, any osteophytes
that were contacting the neural elements and cartilaginous
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Figure 1 Hand-drawn schematic illustration of the C-Plus webbed

cervical cage.

endplates. The implant selection was performed with trial
spacers. Webbed cage implant was used for more central
support. The inner cavity of the cage was filled with
autologous cancellous bone. Then the implant was inserted.
Fluoroscopy was used intraoperatively to check the correct
device’s placement.

Implant characteristics

C-Plus PEEK IBF System has webbed and webless
options available. Two vertical X-ray markers facilitate
proper implant position and radiolucent material provides
visibility of implant to observe progression of bony union.
Anti-migration teeth resist implant migration and built-
in lordosis of 7° allows anatomic restoration of patient’s
curvature. Also, the convex inferior and superior surfaces
optimize anatomic apposition of the implant with the
concave endplates. A threaded inserter hole provides secures
instrumentation and implant placement. The webbed
implant offers more central support, while the webless
implant offers ease of placement and continuity of bone
graft material (Figure I).

Data collection and outcome evaluation

Clinical outcomes were assessed preoperatively and at
the follow-up phases. All patients were asked to complete
questionnaires before surgery and at each follow-up
examination. The self-reported measures used were the

Medical Outcomes Study 36-Item Short Form Health
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Figure 2 Preoperative T2-weighted sagittal MRI revealing disc
prolapse and spinal cord compression at the C5-C6 level. MRI,

magnetic resonance imaging.

Survey (SF-36) (28), NDI (29), and VAS (25) scores. SF-36
scoring scale has 36 items. The second item is self-reported
health changes and does not participate in scoring. The
remaining 35 items constitute 8 dimensions, physiological
function, physical function, bodily pain, general health,
energy, social function, emotional function and mental
health. The higher the total score of all these 8 dimensions,
the better the quality of life survey. The NDI was used
to measure the functional impact of the patients’ neck
discomfort. It has 10 sections including pain intensity,
personal care, lifting, reading, headaches, concentration,
work, driving, sleeping, and recreation. The VAS was used
to assess Neck and Arm Pain. After surgery, patients were
assessed at 1, 3, 6 and 12 months. The incidence of dysphagia
was recorded using the system defined by Bazaz (30).
If respondents answered less than half of the number of
entries then their questionnaires were considered invalid.
Pre-operative clinical evaluation was done by a team
comprising of a neurologist, an orthopedic surgeon (SK)
and a neurosurgeon. This included a pre-operative full
neurological examination with thorough documentation
of neck pain, radicular pain, and neurological deficits. Pre-
operative radiological studies of the cervical spine included
X-rays (anteroposterior, lateral, oblique and flexion/extension
views), computed tomography (CT) and mainly MRI
including T'1 and T2-weighted sequences in transverse and
sagittal planes (Figure 2). Postoperatively, static and dynamic
X-rays were obtained at each follow-up visit to assess the
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Figure 3 Postoperative lateral plain X-ray at 6 months presenting

the implant with two vertical markers.

position of the implanted devices and the fusion rate.

Assessment of fusion and subsidence was done with X-ray
examinations on each phase of the follow up (Figure 3). A
fusion was considered present if there was no motion of the
fusion site on flexion-extension X-rays, no lucency on the
fusion site and no individual osseous parts were observed.
Subsidence was defined as a loss of height of more than 2
mm at the measured disc heights. Degenerative changes in
the adjacent segments were evaluated on MRI at the final
follow-up.

Data analysis

The statistical analysis of this study was performed with the
statistical package SPSS, version 13.00 (SPSS Inc., Chicago,
IL, USA). The P value <0.05 was determined as statistically
significant difference level. Continuous variables were
expressed as mean = standard. We used Wilcoxon non-
parametric test for related samples.

Results

All scores present improvement postoperatively during
the different phases of the follow-up (Figure 4, Tuable 1).
SF-36, Neck Pain, as well as arm pain feature constant
improvement during follow-up, with greatest scores
presenting at 12 months with values of 45.67+3.78,
21.39£8.25 and 6.11x4.94 respectively. NDI presents its
best score at 6 months postoperatively, 20.55£9.01. The

7 Spine Surg 2017;3(3):312-322



316

Scale
I NDI
1 sF36
I Neckpain
I Armpain

Score

I I I I I
preOP 1 3 6

Moment (month)

Figure 4 NDI, SF-36, neck pain and arm pain score progression at
1, 3, 6 and 12 months postoperatively. NDI, Neck Disability Index;
SF-36, short-form 36.
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change of mean scores between the different phases of the
follow up for NDI, SF-36, neck pain and arm pain shows
higher improvement in the first months postoperatively
compared to the preoperative status and then gradual
and constant amelioration up to the 12 months of the
follow-up when compared with postoperative situation at
1 and 6 months (Figures 5-8, Table 2). As regards to the
means between different phases, all results are statistically
important (P<0.05), excluding improvement in NDI
measured between 6 and 12 months (P=0.128) (Tuble SI).
Operation time was estimated at 48.2+17.3 min and blood
loss at 51.6+28.3 mL. Postoperative complications occurred
in approximately 5% of the 36 patients. No device-related
complications were encountered. There was no implant
subsidence during follow-up and all patients had radiological
evidence of fusion by 6 months postoperatively. However,
the following complications occurred: one postoperative

Table 1 Mean scores of the NDI, SF-36, neck pain and arm pain at the different phases of the follow-up

Parameter (N=36) Minimum Maximum Mean Std. deviation
NDI preoperative 32 80 56.89 12.27
NDI 1 mo 20 60 34.33 13.03
NDI 3 mo 14 50 26.33 9.57
NDI 6 mo 10 40 20.56 9.02
NDI 12 mo 8 80 23.89 21.60
SF-36 preoperative 22 40 30.44 4.81
SF-36 1 mo 28 46 36.83 5.11
SF-36 3 mo 32 48 40.78 4.44
SF-36 6 mo 34 48 43.11 4.29
SF-36 12 mo 38 50 45.67 3.78
Neck pain preoperative 56 80 72.72 7.74
Neck pain 1 mo 24 60 45.22 9.75
Neck pain 3 mo 20 50 38.89 7.47
Neck pain 6 mo 10 50 29.89 10.26
Neck pain 12 mo 10 40 21.39 8.25
Arm pain preoperative 60 90 72.78 8.82
Arm pain 1 mo 10 30 20.00 6.76
Arm pain 3 mo 0 20 12.78 5.66
Arm pain 6 mo 0 20 10.00 3.38
Arm pain 12 mo 0 10 6.11 4.94
NDI, Neck Disability Index; SF-36, short-form 36; mo, month.

© Journal of Spine Surgery. All rights reserved. jss.amegroups.com 7 Spine Surg 2017;3(3):312-322



Journal of Spine Surgery, Vol 3, No 3 September 2017

10.00—

N g 1BLT

-10.00—

Change SF 36-score

-20.00

Follow-up period (month)

Figure 5 Box plot representation of change of mean scores
between the different phases of the follow-up regarding SF-36. SF-
36, short-form 36. The asterisk (*) and circle (©) indicate a patient

who represented an outlier in a phase of the follow-up.
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Figure 6 Box plot representation of change of mean scores
between the different phases of the follow-up regarding neck pain.
The asterisk (*) and circle (0) indicate a patient who represented an

outlier in a phase of the follow-up.

hematoma requiring surgical evacuation; one patient with mild
dysphagia which was no longer present at the first follow up.
Postoperatively, patients did not wear any cervical collar.

Discussion

ACDEF is an effective and safe procedure for the surgical
treatment of patients with cervical DDD. Cervical cages, the
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Figure 7 Box plot representation of change of mean scores
between the different phases of the follow-up regarding arm pain.
The asterisk (*) and circle (©) indicate a patient who represented an

outlier in a phase of the follow-up.
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Figure 8 Box plot representation of change of mean scores
between the different phases of the follow-up regarding NDI.
NDI, Neck Disability Index. The asterisk (*) and circle (°) indicate

a patient who represented an outlier in a phase of the follow-up.

major aspect of the fusion process, were first introduced as a
substitute for autologous iliac bone grafts avoiding autograft
harvesting-related complications. Cages are characterized
as cubical implants that are thought to restore physiological
disc height and allow bone growth through the implant
with osseous fusion (31). They accomplish internal fixation
while, simultaneously, supplying structural support for the
cancellous bone which is incorporated more quickly than an
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Table 2 Mean scores of change between the different phases of the follow-up based on NDI, SF-36, neck pain and arm pain each time

Parameter N=36 Minimum Maximum Mean Std. deviation
NDI Change preOP 1 mo -8 50 22.56 14.67
Change preOP 3 mo -6 50 30.56 13.43
Change preOP 6 mo -8 60 36.33 15.29
Change preOP 12 mo -40 62 33.00 29.23
Change 1-3 mo -2 20 8.00 8.31
Change 1-6 mo -4 40 13.78 10.54
Change 1-12 mo -60 40 10.44 27.82
Change 3-6 mo -2 20 5.78 5.53
Change 3-12 mo -62 30 2.44 24.15
Change 6-12 mo -70 20 -3.33 23.87
SF-36 Change preOP 1 mo -18 6 -6.39 5.29
Change preOP 3 mo -20 -4 -10.33 4.84
Change preOP 6 mo -22 -8 -12.67 5.01
Change preOP 12 mo -24 -10 -15.22 412
Change 1-3 mo -12 0 -3.94 2.88
Change 1-6 mo -14 -2 -6.28 3.20
Change 1-12 mo -18 -2 3.00 3.74
change 3-6 mo -6 0 -2.33 1.94
Change 3-12 mo -8 0 -4.89 2.16
Change 6-12 mo -6 0 -2.56 1.76
Neck pain Change preOP 1 mo 10 50 27.50 9.67
Change preOP 3 mo 20 50 33.83 7.92
Change preOP 6 mo 30 70 42.83 10.54
Change preOP 12 mo 40 70 51.33 8.53
Change 1-3 mo 0 20 6.33 6.74
Change 1-6 mo 6 20 15.33 5.37
Change 1-12mo 10 40 23.83 7.92
Change 3-6 mo 0 20 9.00 6.53
Change 3-12 mo 10 30 17.50 6.38
Change 6-12 mo 0 20 8.50 6.71
Arm pain Change preOP 1 mo 40 70 52.78 8.82
Change preOP 3 mo 40 70 60.00 9.56
Change preOP 6 mo 50 80 62.78 8.82
Change preOP 12 mo 50 90 66.67 10.14
Change 1-3 mo 0 20 7.22 7.41
Change 1-6 mo 0 20 10.00 6.76
Change 1-12 mo 0 30 13.89 7.66
Change 3-6 mo 0 10 2,78 4,54
Change 3-12 mo 0 20 6.67 7.56
Change 6-12 mo 0 10 3.89 4.94

NDI, Neck Disability Index; SF-36, short-form 36; mo, month.
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allograft (22). Furthermore, ACDF with anterior cervical
plating results in a significantly higher incidence of fusion,
alignment of the cervical spine, prevention of interbody
cage dislocation or subsidence and decreased need for
second surgery (8,10). However, complications including
increased dysphagia rates, tracheoesophageal lesions and
implant-associated problems are observed (20,32). These
problems have led to the need for self-locking stand-
alone cervical cages which do not require anterior cervical
plating and are thought to have overcome the previous
complications. The stand- alone cage has been used widely
in clinical practice, and successful clinical results have been
reported in more than one study (14,27). Until now, the
literature is lacking of studies examining the quality of life
after ACDF with the use of these cages. Our study examines
the clinical outcomes as regards to pain levels and health-
related quality of life of patients after ACDF using a unique
self- locking stand-alone cage, without the use of plates or
screws.

In the present study, SF-36, neck pain, arm pain and NDI
presented generally significant improvement in the follow-
up phases. The improvement was gradual and constant
something that underlines the long-term effectiveness
of the procedure. The fact that NDI at 6 months
presents slightly better score than the one at 12 months,
can be attributed to personal factors of the individuals
which are of minor clinical importance. It is surprisingly
important that pain levels as well as the quality of life show
improvement confirming the initial hypothesis of the study.
As regards to fusion, subsidence and complications, the
results are surprisingly good and even better of the existing
in the relevant literature. Only two minor complications
occurred and the blood loss during surgery was mild. These
outcomes are in accordance with the tendency of several
recent studies which present the equality or even superiority
of stand-alone cages over plating.

The latter is confirmed by various studies in the
existing literature. Li er #/. mentioned that the results
were satisfactory and no significant differences in terms of
improvement in the SF-36, VAS, NDI, Japanese Orthopedic
Association scores, disc height, mean fusion time, fusion
rate, adjacent segment degeneration, and restoration of
cervical lordosis were observed after ACDF between
stand- alone Fidji cervical cage and anterior cervical plate.
Also, the cage group was associated with a lower risk of
postoperative dysphagia, shorter operation time, less
blood loss, less cost of index surgery, and relatively greater
simplicity than the plate group (25). In a similar study,
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Azab et al. reported significant reduction in arm and neck
pain, as well as, neck pain and disability scale maintenance
over 12 months with no implant-associated complications
and radiological fusion by 3 months in all patients treated
with a zero-profile implant. None of the individuals
had dysphagia after 3 months postoperatively (33).
A zero-profile device is thought as a valuable alternative for
ACDF with a low incidence of postoperative dysphagia and
without segmental kyphotic change (34). Cho et 4/. found
that the zero-profile anchored spacer has some advantage
over stand-alone PEEK cage for maintaining segmental
lordosis and lowering subsidence rate after single level
ACDF (35). Barbagallo et 4. mentioned that SF-36 and NDI
showed a statistically significant improvement and mean arm
pain VAS score deterioration on zero- profile cage-plate
device. Fusion rate was estimated over 90% and dysphagia
at 15.5% without any device-related complication (36).
For pain and disability, NDI is said to be the most valid
and responsive measure of improvement after surgery for
neck and arm pain. However, for health-related quality of
life, it is mentioned that only SF-12 PCS can accurately
discriminate meaningful improvement after cervical surgery
and is found to be most valid and responsive (37).

The stand-alone cage may be associated with a
significantly lower estimated blood loss, which may not
be clinically relevant, however perioperative outcomes,
complications, reoperation rates, narcotics consumption in
the immediate postoperative period, and total costs may be
similar to anterior plating (38). In a prospective randomized
study, the stand-alone anchored PEEK cage was confirmed
as a valid alternative to plating in ACDF with a low rate
of adjacent- level ossification (39). ACDF with stand-
alone spacers has resulted in similar clinical and radiologic
outcomes as compared with plate and spacers and may
help minimize postoperative dysphonia (40). As regards to
three-level cervical degenerative spondylopathy, ACDF
using self-locking stand-alone cages have shown similar
clinical results as compared to ACDF using cages and plate
fixation (41). Also, cervical lordosis is considered to play an
important role in the maintenance of surgical results and
sagittal malalignment is thought to increase the incidence
of failure of internal fixation and disease in adjacent
segments (42). It has influence on cervical instability,
postoperative pain, deterioration of neurological deficit,
and functional recovery. Depending on that, the new stand-
alone cervical cages have built-in lordosis for anatomic
restoration.

On the other hand, Fraser e al. reported a significantly
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increased rate of fusion if an additional anterior plate
had been used for either single level or multilevel ACDF
procedures (8). Song ez al. compared two groups of patients
treated with ACDF, respectively, with cage alone and with
cage and plate and they found that the use of a plate was
associated with a better sagittal alignment, higher fusion
rate and lower cage subsidence and complication rates (9).
However, no significant differences in clinical outcomes were
observed between the two groups. Pitzen ez 4/. found that
when a dynamic plate is used the fusion process is faster and
the implant-related complications are lower, moreover the
advantages are counterbalanced by a greater loss of segmental
lordosis at 2-year follow-up than that observed in patients
treated with a rigid plate (10). In addition, stand-alone cage
has showed higher incidence rate than plate-assisted cervical
fusion in segmental subsidence and cervical kyphosis (43).

The use of cervical anterior plates has been associated
with various intra-operative and postoperative complications.
Examples of implant-associated complications include screw
loosening, screw breakage and plate breakage. According
to Fountas et al. (32), postoperative soft-tissue edema,
esophageal injury, postoperative hematoma, and adhesive
formations around plates might be possible explanations for
dysphagia-related symptoms. Persistent long-term dysphagia
can be caused by adhesions between posterior esophagus and
the plate. Hilibrand et al. reported that approximately one
out of four of patients who underwent single-level ACDF
developed adjacent level disease within 10 years (44).

The C-Plus PEEK cervical cage can be completely
contained in the decompressed intervertebral space, with
minimal tissue damage while avoiding the mechanical
stimulus to the esophagus and other pre-vertebral soft
tissues, something which explains the lower postoperative
dysphagia rates and preserves the normal anatomy of
the region. It also minimizes the risk of ASD while it
remains within the index disc space, without reaching
the adjacent segments. It is important to mention that
the instrumentation is the least feasible without the use
of any plate or screw. This cage system seems to be a
valid alternative to anterior cervical plating in patients
undergoing ACDF and it is characterized by a very low
incidence of postoperative dysphagia and no implant-related
complications over a minimum follow up period of 1 year.

This study is limited by the relatively small number of
patients. However, the selected individuals are carefully
chosen. In addition, the mean follow-up period was
too short to evaluate the long-term efficacy of the new
stand-alone cervical cage. Nevertheless, we feel that
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this study provides useful information regarding the
surgical treatment of cervical DDD. Further large-scale,
prospective, randomized studies with long-term follow-
up periods are needed to overcome these limitations and
definitively determine whether this new cervical cage has
advantages over the stand-alone cages with a titanium plate
for ACDF. There were some limitations in our study, such
as the difficulty in the assessment of bone fusion with plain
radiographs, and non-feasibility of assessing every patient
with CT scan. The shorter operation time and less blood
loss of ACDF using self- locking stand-alone cage indicates
less traction time and less damage of prevertebral soft
tissues during surgery, which may have contributed to the
relatively low rate of dysphagia.

Conclusions

ACDF using self-locking stand-alone cages can help achieve
similar or even better clinical results as that achieved by
ACDF wusing cage and plate fixation for the treatment of
cervical DDD. In summary, the clinical and radiological
outcome of the new cervical cage for the surgical treatment
of single level cervical DDD was satisfactory after a
minimum 1-year follow-up in terms of improvement in
the SF-36, VAS, NDI and pain levels. Overall, the results
show that the C-Plus cervical cage for ACDF is an effective,
reliable, and safe alternate to the conventional method for
the treatment of cervical DDD.
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Supplementary

Table S1 Comparison of scores between the different phases of the follow-up based on NDI, SF-36, neck pain and arm pain each time

N=36

NDI
1 mo

NDI
3 mo

NDI NDI
6 mo 12 mo

SF-36
1 mo

SF-36
3 mo

SF-36
6 mo

SF-36
12 mo

Neck pain  Neck pain

1 mo

3 mo

Neck pain Neck pain  Arm pain

6 mo

12 mo

1 mo

Arm pain
3 mo

Arm pain
6 mo

Arm pain
12 mo

NDI preOP

NDI 1 mo

NDI 3 mo

NDI 6 mo
SF-36 preOP
SF-36 1 mo
SF-36 3 mo
SF-36 6 mo
Neck pain preOP
Neck pain 1 mo
Neck pain 3 mo
Neck pain 6 mo
Arm pain preOP
Arm pain 1 mo
Arm pain 3 mo

Arm pain 6 mo

<0.001

<0.001
<0.001

<0.001 <0.001

<0.001 0.004
<0.001 0.008

0.128

<0.001

<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001

<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001

<0.001
<0.001

<0.001
<0.001
0.002

<0.001
<0.001
<0.001
<0.001

NDI, Neck Disability Index; SF-36, short-form 36.



