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Long-term clinical and radiological outcomes following
anterior cervical discectomy and fusion by zero-profile

anchored cage

ABSTRACT

Objectives: The purpose of this study was to extend the results of our previous study providing a minimum of 4-year follow-up results of a
prospective study following implantation of a cervical cage with an integrated fixation system.

Summary of Background Data: The use of cervical intersomatic cages with an integrated fixation system for anterior cervical discectomy
and fusion (ACDF) has increased rapidly in this last decade. In addition to immediate stabilization, these implants allow avoidance of anterior
plating and iliac crest bone-grafting.

Methods: Patients were studied prospectively, and data were collected and analyzed. Intersomatic cages with an integrated fixation
system were used in consecutive 100 patients operated on for ACDF. Intraoperative parameters, clinical, and outcome scores were recorded.
Radiographs were taken to evaluate implant positioning and fusion rate, disc height (DH), and changes in adjacent disc spaces. All the patients
had a minimum 4-year follow-up.

Results: A total of 127 cages were implanted in the 100 patients. Compared to preoperatively, the visual analog scale, 36-item short-form
health survey, the Japanese Orthopedic Association, and the Neck Disability Index scores were significantly improved at 1-year follow-up
without change during subsequent follow-up. At 4 years, the fusion rate was 97%. Two patients complained about minor dysphagia-related
symptoms, which resolved rapidly. DH index and cervical Cobb angle were significantly restored after surgery, and the results were maintained
during the whole follow-up.

Conclusions: This is a prospective, independently conducted study on cages with an integrated fixation system with 4-year long follow-up.
Findings of this study seem to be interesting regarding outcomes and low complications rates compared to recent series using other implants

with integrated fixation system. Larger, randomized controlled trials are warranted.
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INTRODUCTION

Cervical discectomy is one of the most commonly and rapidly
growing procedures done to rapidly restore radicular and
medullar compression. Since fusion procedures are widely
accepted, research and development have concentrated
on improving and simplifying portions of this procedure in
hopes that it would improve outcomes. Accordingly, many
devices including the use of allograft bone and anterior
plating, polyether ether ketone (PEEK) cages with anterior
plating, and other interbody fusion devices have been used
with different results."" Although a large number of technical
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and biomechanical advances have led to an array of available
options for fusions, the use of cage and the supplementary
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fixation by an anterior cervical plate has enhanced the
risk of complications such as dysphagia.*® Technological
advancements and new materials discovery have gained the
evolution to zero-profile anchored cage systems tailored for
stand-alone fusion!® avoiding the disadvantages of plating.
The ROI-C cage (Zimmer Biomet, Austin, TX, USA) is a cervical
interbody cage with an integrated fixation that has been
developed to increase cervical spine stability since the early
postoperative period. In addition to immediate stabilization,
use of these types of implants allows avoidance of anterior
plating and iliac crest bone-grafting. Following the first study
reporting a short-term outcome assessment,” the purpose of
this study was to evaluate the efficacy and safety of anterior
cervical discectomy and fusion (ACDF) with the ROI-C in a
longer follow-up, spanning 9 years, following surgery.

METHODS

Study design

This was a prospective multicenter study, of patients who
underwent single- or multi-level ACDF with the ROI-C cages.
Between January 2009 and January 2014, 100 consecutive
patients affected by cervical disc herniation or spondylosis
causing radiculopathy were enrolled. Patients had not
experienced any cervical spine surgery before this operation.
All patients attempted a trial of conservative therapy usually
at least 6 weeks before surgery, including rest, physical, and/or
pharmacotherapy. Patients were diagnosed based on the
preoperative radiograph, computed tomography (CT) scan,
and magnetic resonance imaging (MRI) findings. All patients
enrolled in the study were suitable candidates for ACDFE.
Enrollment required a diagnosis of degenerative disc disease
with symptomatic radiculopathy or myeloradiculopathy at one
or two levels from C-3 to C-7 that correlated with appropriate
level and side neural compression on MRI or CT. Patients who
presented with other spinal degenerative conditions, such as
stenosis or arthritis, were not excluded as long as the diagnosis
indicated that the primary cause for complaints was clinically
consistent with nerve root compression. Patients were also
not excluded due to age, sex, compensation claims, diabetes,
obesity, or other medical conditions that would not preclude
surgery, in general. The exclusion criteria were prior spine
surgery at the operative levels, ossification of the posterior
longitudinal ligament, major degenerative or traumatic
instability, cervical canal narrowing requiring posterior
decompression associated with anterior fusion, fracture,
infection, and tumor. Each patient was appropriately informed
regarding medical data collection and the aim of the study.

Outcomes
Each patient was followed-up prospectively with preoperative
and postoperative evaluations. Data including patient

demographics (age and gender), intra-operative details
(duration of operation, level of operation, types, and
sizes of the implant, complications), postoperative details
(length of hospitalization, and time to return to work),
postoperative functional scores, radiological findings,
and surgery related-complications were collected. During
follow-up, clinical and radiographic data were collected on
the last day of hospital stay, at 1 and 6 months, and every year.
All the patients were included in the clinical and radiographic
evaluations at each follow-up time point.

During follow-up, clinical and radiographic data were
collected on the last day of hospital stay, at 6 weeks, at
3,6, 12 months, and every year. Complications were recorded
as implant-related, surgery-related, or general (not directly
implant or surgery related). All the patients were included in
the clinical and radiographic evaluations at each follow-up
time. The minimum follow-up was 4 years (mean, 7.05 years;
range, 4-9 years).

Outcome measures used were the Medical Outcomes Study
36-item short form health survey (SF-36), Neck Disability
Index (NDI), and visual analog scale (VAS) scores for the
neck and arm pain. All patients were asked to complete
questionnaires, even in the form of an interview, before
surgery and at each follow-up examination. The NDI and VAS
scores ranged from 0 to 100. Odom’s grading system (poor,
fair, good, or excellent) was used to evaluate patient
satisfaction with the surgery. Myelopathy was graded using
the Japanese Orthopedic Association (JOA) score.

Dysphagia-related symptoms were graded by a physician,
depending on the patient’s state, as none (no episodes of
swallowing problems), mild (rare episodes of dysphagia),
moderate (occasional swallowing difficulty with specific food),
and severe (frequent difficult swallowing with the majority
of food).® In addition, the amount of pain (VAS 0-100) and
the duration of dysphagia-related symptoms were recorded.

Anteroposterior, lateral, and flexion-extension radiographs
were taken before surgery, within 1 week after surgery,
and at 1 and 6 months after surgery. Subsequent follow-up
examinations were performed every 12 months to detect
implant failure, including segmental collapse, caused
by implant subsidence. An implant penetration into the
adjacent endplates of more than 2 mm was defined as
segmental collapse.”’ MRI was routinely performed to
evaluate preoperative spinal cord compression. Cervical
alignment was calculated by the Cobb angle between the
inferior margins of C2 and C7 vertebral bodies on the lateral
radiograph [Figure 1a]. The disc height (DH) was measured
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on the lateral radiograph as the distance from the highest
portion of the lower end-plate of the cephalad vertebra to
the closest portion of the upper end-plate of the caudal
vertebra [Figure 1b]. Degenerative changes in the adjacent
segments were evaluated on MRI every year postoperatively.
Disc degeneration was graded on T2-weighted sagittal and
axial images as described by Miyazaki.'”! The evaluation of
interbody fusion was according to Bridwell’s classification.!"!!

Statistical analysis

We computed means and standard deviations for continuous
data. We determined differences in outcome measures scores
between preoperative and postoperative time points and
during further follow-up using the t-test for paired samples
if a normality test was passed or a Wilcoxon signed-rank
test if a normality test was failed. Intra-observer variability
for radiographic evaluation was determined using kappa
statistics. (IBM Corp. Released 2011. IBM SPSS Statistics for
Windows, Version 20.0. Armonk, NY: IBM Corp.) software
was used for all analyses.

RESULTS

Patient population

A total of 100 patients (54 men and 46 women; mean age
40.30 years, range 31-78 years) included in this study received
127 ROI-C devices. Sixty-five patients (65%) had radicular pain,
15 (15%) had myelopathy, and 20 (20%) had both radiculopathy
and myelopathy. Most patients had a history of incapacitating
neck and arm pain lasting longer than 6 weeks, which was
unresponsive to physical therapy and anti-inflammatory
medication or had new neurological deficits resulting from
myelopathy. All the patients had a minimum of 4 years follow-up

Figure 1: Lateral radiograph depicting a 4-year long follow-up in a
C6—C7 case. (a), Image showing cervical alignment calculated by the Cobb
angle between the inferior margins of C2 and C7 vertebral bodies; (b), lateral
radiograph showing the disc height measurement. A, is anterior disc height,
b is middle disc height, c is posterior disc height, and d is sagittal diameter
of the up vertebral body. Disc height index = ([a + b + c]/3)

and a maximum of 9 years (mean, 7.05 years). The mean
surgery duration was 77.4 min (range, 32-160). Seventy-three
patients (73%) were treated at one level and 27 (27%) at two
levels. Table 1 summarizes demographic, and surgery data.

Outcomes

Postoperatively, a cervical collar was not used, except in
some patients who asked the externals device as “comfort.”
Usually, following 4 weeks postsurgery, patients were allowed
to engage in normal activities of daily living including driving.
After 5 weeks, patients were allowed to return to all normal
activities except contact sports on a permanent basis.
Postoperative oral pain medications were administered as
needed. In the first 8 weeks, anti-inflammatory medication
therapy was never administered. The average hospitalization
time was 1.95 days (range, 1-4 days).

Overall, outcome measures improved immediately after
surgery (P < 0.001) compared to baseline. At 4 years, all
patients had a significant reduction in VAS, SF-36, JOA, and
NDI scores (P < 0.05) [Figure 2]. Using Odom’s criteria, 94%
of patients rated their level of satisfaction with the surgery
as excellent or good, without significant difference during
the follow-up (P > 0.05). Only two patients complained about
minor dysphagia (VAS score, 2 and 3), which resolved within
1 and 3 months, respectively.

Intra-observer agreement for radiographic evaluation
was satisfactory. Overall, we observed no implant-related
complications. No segmental collapse during the follow-up
was observed; there were no subsidence, no evidence of

Table 1: Summary of demographic and surgery data

Variable Male Female Total
Number of cases 54 46 100
Age (mean years) 45.2 39.3 40.3
Myelopathy 8 7 15
Radiculopathy 32 33 65
Myelopathy and radiculopathy n 9 20
Operated levels n
C3-C4 10
C4-C5 15
C5-C6 30
C6-C7 18
C3-C4/C4-C5 5
C4-C5/C5-C6 5
C5-C6/C6-C7 15
C3-C4/C6-C7 2

Mean=SD Range
Surgery duration (min) 71.4 32-160
Hospital stay (day) 1.95 1-4
Follow-up (year) 7.05 4-9

SD - Standard deviation
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cage mobilization or implant dislodgment or mobilization
of the anchoring system in both vertebral bodies. At 4 years,
97% of patients showed evidence of fusion in each operated
segment according to the criteria suggested by Bridwell
et al." Three cases have been evaluated as doubtful fusion.
Considering their good clinical outcome and the stability of
the system as evaluated by dynamic radiographs, no further
surgeries were undertaken. The cervical Cobb angle was
also significantly improved from 11.6° * 3.7°, measured
before surgery, to 23.1° = 2.2° at 1 week and 22.4° = 3.4°
at 24 months following the implant (P > 0.05). No statistical
significant differences were observed among the subsequent
evaluations (P > 0.05) [Figure 3a]. DH increased significantly
after surgery. The mean DH at the treated level was
significantly restored after surgery in all the cases. Briefly,
the height of intervertebral space was significantly improved
from 5.8 = 0.5 mm measured before surgery to 7.2 = 0.3 mm
at 1 week and 7.5 = 0.2 mm at 4 years following the surgical
treatment (P < 0.05) [Figure 3b].

DISCUSSION

In the present study, we prospectively evaluated the safety
and efficacy the ROI-C, a cervical cage with an integrated
fixation system, for ACDF. Results were presented through
4 years follow-up as an extension of a previous study in
which we have shown the preliminary results.”” The average
hospitalization time was 1.95 days (range, 1-4 days). The
mean surgery duration was 77.4 min (range, 32-160).
Overall, outcome measures improved immediately after
surgery (P < 0.001) compared to baseline. At 4 years, all
patients had a significant reduction in VAS, SF-36, JOA,
and NDI scores (P < 0.05). Using Odom’s criteria, 94% of
patients rated their level of satisfaction with the surgery as
excellent or good, without significant difference during the
follow-up (P > 0.05). Only two patients complained about
minor dysphagia (VAS score, 1.6 and 2), which resolved
rapidly. At 4 years, 97% of patients showed evidence of fusion
in each operated segment. Overall, the results demonstrated
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Figure 2: Line graphs showing the clinical outcome measures over follow-up. Results are expressed as mean t standard error of the mean (a), visual analog
scale (0-100 mm) for the neck and arm pain; (b) 36-item short form health survey score; (c), Japanese Orthopedic Association score; (d), Neck disability Index
(0%—-100%). Compared with preoperatively, the visual analog scale, 36-item short form health survey, Japanese Orthopedic Association, and Neck Disability
Index scores were significantly improved at 1-year follow-up without change during subsequent follow-up (*P < 0.05 compared to preoperative baseline)
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Figure 3: Line graphs showing the mean cervical Cobb’s angle (a) and disc height (b). Results are expressed as mean t standard error of the mean (a) The
cervical Cobb angle was significantly improved compared to baseline (*P < 0.05). (b) The mean disc height, at the treated level, was significantly restored

after surgery in all the cases (*P < 0.05 compared to baseline)
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that clinical scores improved significantly compared to
baseline at all-time points after surgery until final follow-up.
A high interbody fusion rate and a low complications rate
were also observed. Similar observations have been reported
in some studies evaluating the clinical efficacy of ACDF using
cages with an integrated fixation system, 3571214

The present study is the first objectively analyzing by a
prospective study on the use of a cervical cage with an
integrated fixation system for ACDF with a follow-up
spanning 9 years. The results indicate that the use of this
peek cage is safe in the standard ACDF procedure. Therefore
our findings provide further information supporting the use
of devices with an integrated fixation system. These systems
appear to be acceptably safe, also in long-term follow-ups.

The reason for the development of alternative stabilization
prosthetic devices in ACDF is avoidance of complications
arising from the use of autologous or allergenic bone-grafting.
These complications include persistent donor site pain,
infection, hematoma formation, iliac crest fracture, and
meralgia paresthetica. To prevent these complications, cages
have been studied and applied in humans as potential bone
substitutes for autograft in interbody fusion. Titanium or
carbon fiber cages were widely used for cervical interbody
fusion, but subsidence, migration, and structure failure have
occurred.™ PEEK is a nonabsorbable biopolymer that has
been used in a variety of industries including medical devices.
The PEEK cages are biocompatible, radiolucent, and have a
modulus of elasticity similar to the bone. Satisfactory results
were obtained with bone substitute regarding the fusion
rate; although, fusion was delayed as compared with that in
a cage-containing autograft.'"®! The ROI-C cage is a cervical
intersomatic cage made by PEEK optima (radiolucent) using
a double anchoring system to obtain an intervertebral fusion.
This cage is designed specifically for implantation into the
cervical disc space after discectomy. It enables the filling
of a graft either autologous fusion or bone substitute. The
self-guided, curved plating is delivered in the plane of the
disc through a direct anterior approach. In such a way, surgery
can be achieved with less exposure than may be required to
implant a traditional cervical plate or even contemporary
stand-alone systems with screws that should be inserted at
oblique angles. The cages are simple and intuitive, dedicated
instruments are very few, and the learning curve is almost
brief. Stabilization appears to be immediately afforded
following implants, and the double anchoring system avoids
effectively the use of a postoperative collar. Reasonably, the
two wings firmly introduced in the vertebral bodies can
provide initial stability until the fusion time. We found that
the intervertebral height was significantly increased from

5.8 = 0.5 mm measured before surgery to 7.2 = 0.3 mm
at 1 week and 7.5 = 0.2 mm at 4 years following the
surgical treatment (P > 0.05), and the cervical Cobb angle
was significantly improved from 11.6° * 3.7°, measured
before surgery, to 22.4° + 3.4° at 24 months following the
implant without significant difference among the subsequent
evaluations (P > 0.05).

Although ACDF has been shown to increase fusion rates,
maintain or improve cervical sagittal alignment and primary
and secondary stability, ACDF with plate and screws has
been associated with complications including screw or plate
dislodgment, soft-tissue injury, dysphagia, and adjacent
segment disease./'”! We have shown that the use of cervical
cage with an integrated fixation system, such as ROI-C, can
reduce the rate of these complications, including the rate of
pseudarthrosis. Pseudarthrosis following ACDF has been has
been associated with poor clinical outcomes.s In a study
analyzing 2682 patients, fusion rates have been found in
92.1%, 79.9%, and 65% for one-level, two-level, and three-level
ACDE, respectively. In our series, the fusion rate at 4 years
was 97%." Previous studies investigating the same device,
but with a shorter follow-up, reported similarly high rates
of bony fusion ranging between 95.2% and 100%.72%2!l In
127 operated levels, among the patients examined 4 years
after ACDF, there were three defined as doubtful fusion.
Considering their good clinical outcome and the stability of
the system as evaluated by dynamic radiographs, no further
surgeries were undertaken.

One of the most reported complications following ACDF is
chronic dysphagia that can reach 21% in some studies./?36:2223
For the early postoperative period, the rate of dysphagia
in our study was lower than that reported in the current
literature.®! The exact pathophysiological mechanisms
underlying postoperative dysphagia remain unknown. It
has been postulated that postoperative soft-tissue edema,
esophageal injury, postoperative hematoma, and adhesive
formations around implanted cervical plates might be
possible explanations for dysphagia.?!! Some authors have
advocated a strict correlation between the prosthesis
thickness and dysphagia rate with decreased dysphagia
incidence when thinner cages are used.”! Cage with very low
profile avoids an implant contact to the soft tissue in front of
the cervical spine. This might avoid any mechanical irritation
of the esophagus and may explain the low dysphagia rate in
our patients. Only two patient (2%) experienced dysphagia,
which resolved 1 and 3 months, after the surgery. A dysphagia
rate of 2% is low compared to plate-augmented ACDF in the
literature.!" The results obtained are by the results of a recent
meta-analysis showing that zero-profile anchored cages had
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a lower risk of postoperative dysphagia than cages with
anterior plate fixation after ACDE® Furthermore, although
subsidence is one of the major concerns when using cages
without plate fixation, the present study reported no case
of subsidence in the follow-up. The same results have been
reported in previous studies employing the same device.'?

Overall, the present study confirms our previous findings!”
and expands the results on safety and effectiveness of cervical
ROI-C system device in patients with cervical radiculopathy
and myelopathy, also in a long follow-up.

CONCLUSIONS

Cervical arthrodesis by using a cervical interbody cage with
integrated fixation showed that this system is safe and
effective for the treatment of cervical degenerative disc
disease. It incorporates a different philosophy of insertion
besides the guarantee of fusion and low rate of postoperative
complications. Large randomized controlled trials are
warranted.
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