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for cervical disc prolapse. This study was conducted to evaluate the surgical outcome
prolapse.
Methods: Study was conducted in the Department of Neurosurgery-spine, National
Institute of Neurosciences and Hospital, Dhaka. Study interval was 5 years from
January, 2014 to 31st December, 2019. Total numbers of patients were 215. Males
were 183 (85.1%) and females were 32 (14.9%). All the patients had undergone the
procedure of anterior cervical discectomy and fusion (ACDF) with RABEA Rectangular
Titanium Cages (RTC). All the patients had plain MRI cervical spine done for diagnosis
of anterior cervical disc prolapse. Surgical and Clinical preoperative evaluation and
surgical outcomes were evaluated using pre- and postoperative Nurick, Visual Analog
Scale (VAS), Neck Disability Index (NDI), for Myelopathy, overall Odoms outcome
scores, postoperative surgical complications, and fusion and subsidence rates.
Results: Total 215 patients underwent ACDF; the mean age of these patients was
44.66 years, and their preoperative VAS and NDI, scores were 8.09 and 35.38
respectively. Sixty seven percent of patients had one level, 25.1% had two-level, and
7.9% had three-level procedures. On preoperative Magnetic Resonance Imaging(MRI),
foraminal stenosis was present in 68.4% of patients, whereas medullar stenosis was
present in 43.7%. The rate of complications was 2.8%: two patients had postoperative
implant migration (0.93%), three patients had postoperative transient dysphagia (1.4%)
and one patients had temporary hoarseness of voice. Mean postoperative follow-up
time was 6.7 months; postoperative VAS and NDI scores were 1.10 and 14.4,
respectively. Postoperative fusion rate was 93.5%, and subsidence rate was 5.6%.
Conclusion: Results with Rectangular Titanium Cages are expectedly good.
Symptoms resolved and fusion rate was 93.5% at 1 year follow up.
Keywords: Axial neck pain, cervical disc prolapse, Rectangular Titanium Cages(RTC),
anterior cervical discectomy and fusion (ACDF)
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Introduction:
Degenerative cervical myelopathy (DCM) is a
progressive degenerative spine disease and the most
common cause of spinal cord dysfunction in adults
worldwide.1,2 The underlying pathophysiology involves
age-related degeneration of the tissues of the spinal
column, resulting in static spinal cord compression,
and repetitive dynamic injury due to increased spinal
column mobility1.With the average life expectancy
increasing worldwide, it is understandable that in
future the number of patients with Cervical Spondylotic
Myelopathy(CSM) requiring medical attention will
increase significantly2. According to the World Health
Organization, the proportion of the population older
than 60 years is projected to double from 11% in 2010
to 22% in 20503. In the past decade, our understanding
of the biomechanics of the spine has improved along
with advances in spinal instrumentation. This has led
to significant changes in the surgical management of
DCM2. Although spinal degeneration is common in
the elderly population, only a small portion will
eventually develop myelopathy1.
Patients with significant spinal cord compression may
present with common signs and symptoms of
neurological dysfunction. The underlying degenerative
spinal pathology may cause localized and radiating
neck pain 4,5 . Neurological symptoms include
paresthesia (numbness and tingling), abnormal gait/
balance and falls, decreased hand dexterity, and
sphincter dysfunction. Concomitant radicular pain and
weakness may also be present from spinal nerve root
compression1.
There are two main methods of treating cervical disc
prolapse, i.e., conservative and surgery. Conservative
treatment consists of medicines, physical therapy and/
or bracing. The patient who is going to be a candidate
for surgery will have radiological evidence of disc
prolapse, significant weakness in the arms, arm pain
worse than neck pain and patient not responding to
the conservative treatment. It has shown that
discectomy provide pain relief sooner than nonsurgical
treatments. Anterior cervical discectomy is successful
in comforting arm pain in 92–100% of people6.
Anterior cervical decompression and fusion (ACDF)
is one of the most widely used surgical treatments for
patients with cervical spondylosis7. ACDF achieves
stabilisation and solid arthrodesis with good-toexcellent clinical outcomes and minimal surgical risks.
The anterior approach to cervical decompression was
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first described by Cloward8, and Robinson and Smith9
in the 1950s. Both described an anterior approach via
a longitudinal incision along the anterior border of the
sternocleidomastoid muscle to allow for soft tissue
dissection and annular incision. Following discectomy
and removal of any compressive structure, fusion was
then achieved using an autogenous graft10.
Several technical modifications have been developed,
but no consensus regarding the optimal technique
has been established. Interbody fusion following
Anterior Cervical Discectomy (ACD) for treatment of
cervical radiculopathy or cervical myelopathy is thought
to have several advantages compared with discectomy
alone. Controversy exists, however, regarding the
optimal substrate for cervical fusion. The scarcity of
randomized studies makes it difficult to establish a
gold standard11.
During the last few years emerging strategies for the
treatment of cervical disc disease (CDD) have been
reported. Since different interbody fusion devices are
now available, the controversy on the indication to
perform microsurgical anterior cervical discectomy
with fusion (ACDF) has been additionally accompanied
with the discussion of selection of the material for the
interbody spacer12.
There is no consensus, however, regarding the optimal
substrate for cervical fusion. Autologous Iliac Crest
bone grafts (ICG) are used most commonly and yield
fusion rates between 83% and 97%. Bone graft
harvesting at the iliac crest, however, results in
additional pain and discomfort for the patient. Recently,
rectangular titanium cages have been introduced as
a new approach for fusion of the anterior cervical spine.
Clinical experience thus far is limited13.
The introduction of Rectangular Titanium Cages(RTC)
led in most studies to high success rates in terms of
clinical outcome. Although the main advantage of
titanium cages over autologous bone grafts is the lack
of donor site morbidity, significant artifacts on
computed tomography (CT) or Magnetic Resonance
Imaging (MRI) constrain the postoperative assessment
of the circumjacent structures. In our department ACD
and Rectangular Titanium Cage (RTC) implantation
was performed without additional filling as a routine
procedure, showing fusion rates of nearly 100% (data
not shown)14.
In particular, RTCs are supposed to embody several
theoretical advantages. Clinical experience, however,
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is limited. In a prospective non randomized controlled
study of 36 patients, demonstrated that RTC fusion
constitutes a safe and efficient.
The criteria required by a supreme bone substitute or
device for cervical interbody fusion are the following:
providing immediate stability in compression, resisting
displacement, minimizing neck pain, maintaining spinal
alignment and foraminal height, as well as higher or at
least equal fusion success rate and clinical success
rate, and obviating complications by using autograft15.
The aim of the present study was to evaluate the safety
and effectiveness of Rectangular Titanium Cage (RTC)
in terms of fusion of the operated segment and to
examine the rate of cage subsidence and migration
as well as clinical outcome in the treatment of Cervical
disc disease.
Method
Patient cohort
The research used prospective observational study
design and conducted in the Department of NeurosurgerySpine unit, National Institute of Neurosciences and
Hospital, Dhaka, Bangladesh. The duration of the
research was from January 2014 to December 2019.
During this period a total of 215 patients underwent
Anterior Cervical Discectomy and Fusion (ACDF). The
study had approval from Ethical Review Committee of
National Institute of Neurosciences (NINS).
The study respondents were included as consecutive
series of patients with a one-,two-level or three-level
Cervical Disc Disease (CDD) who underwent ACDF
with implantation of a Rectangular Titanium Cage
(RTC) during a 5-years period in study hospital. All
patients had either clinical evidence of radiculopathy,
myelo-radiculopathy, myelopathy or neck pain and
failure of conservative treatment.
Inclusion criteria for the study population were: (1)
signs and symptoms of cervical radiculopathy or
spondylotic myelopathy, (2) cervical spondylosis
confirmed using magnetic resonance imaging (MRI),
and (3) follow-up of ≥3 months.The patients who had
(1) ossification of the posterior longitudinal ligament,
(2) developmental stenosis, (3) invasive malignancy,
(4) evidence of systemic or local infection, and (5)
history of previous cervical spine surgery cage fillings
with allo-, autograft or bone substitutes, additional
plating for single/multiple-level ACDF or patients
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suffering from traumatic spinal cord injury,were
excluded.
2. Clinical evaluation and outcome scores
Clinical preoperative evaluation and surgical outcomes
were evaluated using pre- and postoperative Nurick
and Visual Analog Scale (VAS) for neck and radicular
pain as well as Neck Disability Index (NDI) score for
myelopathy. The Plain X-ray of Cervical Spine (Both
View) and the MRI of cervical spine were the main
modality of investigation.Data were prospectively
collected during the preoperative evaluation and also
immediately collected after surgery as well as 3
months, and 12 months after surgery.
Study participants’ demographic characteristics such
as sex, age, level of CDD and duration of symptoms
were collected preoepratively. The evaluation included
presence of cervical and radicular pain, neurological
deficits and working capacity and disability and
radiological in terms of fusion of the operated segment
and to examine the rate of cage subsidence.
The overall clinical outcome was assessed during
discharge, at 3, and 12 months using ‘Odom’s criteria’
as follows: excellent (complete relief of symptoms
without impairment in daily activity); good (intermittent
remaining symptoms, but normal daily activities); fair
(subjective improvement of symptoms, but impaired
daily activity); and poor (no improvement or worsening
of the symptoms).
3.Surgical Procedures
All patients underwent Anterior Cervical Discectomy
(ACD) in which standard microsurgical techniques were
used. Surgical procedures were conducted using the
common anterolateral approach according to Smith
and Robinson via a right-sided skin incision under
general anaesthesia. The posterior longitudinal
ligament was excised thoroughly and foraminal
decompression was performed bilaterally to ensure
adequate neural decompression. Gentle decortication
of the endplates was undertaken using a curette.Great
care was taken to remove the cartilaginous tissue,
but preserve intact endplates. No drill was used for
the preparation of the endplates
The Rectangular Titanium Cage (RTC) were inserted
into the intervertebral space. The size and shape of
the cage were selected based on both the preoperative
imaging studies and the intraoperative measurements.
Typically the cage heights were 5 to 7 mm. The cages
were not filled with bone or other material. The surgeons
139
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were experienced with implants and performed the
operation of patients. The vast majority of procedures
were performed by two of the authors (J.I and A.U.).
Postoperatively, all patients were treated by the same
protocol, which consisted of physical rest for 6 weeks
and then physical therapy. A cervical collar was applied
for 6 weeks.
4. Radiological evaluation
Radiographic examinations included pre- and post
operative plain and functional radiography.
Anteroposterior, lateral, and flexion-extension cervical
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radiographs were obtained before and immediately
after surgery, as well as at 3 and 12 months after
surgery (Fig. 1,Figure.2). MRI evaluation was
preoperatively performed in all patients. Signs of
medullar and radicular compression, and myelopathy
signs were analyzed.
Postoperative radiographs were analyzed for fusion,
subsidence and migration. Fusion was defined as (1)
movement <2° in postoperative flexion-extension
radiographs, (2) presence of trabeculae bridging bone
postoperative images.

Fig. -1. Lateral cervical spine X-ray (A) Single Level immediately post operative day after anterior cervical
discectomy with fusion at level C6/7 with Titanium cage. (B) Two Level : immediately post operative day after
anterior cervical discectomy with fusion at level C5/6 , 6/7 with Titanium cage.

Fig. -2. Lateral cervical spine X-ray (A) Measurement for evaluation of lordosis. (B and C) showing functional
flflexion/extension radiographic views at 12- month interval after anterior cervical discectomy with fusion at
level C5/6 with Titanium cage. Absence of segmental motion and presence of bony bridges were documented
in this patient.
140
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Standard radiographs were assessed to determine

categories were used: moderate (<4 mm) and severe

the presence of intersegmental bridging bone.
Because metal cages do not allow the growth of bone
through the implant to be determined, stability was
also assessed using an overlay method of the flexion–
extension radiographs and by measuring the distance
between the spinous processes.12 Each surgically
treated segment was deemed fused if there was
obvious bridging bone, if there was less than 2Ú of
segmental motion, and if the interspinous distance
did not change by more than 2 mm. Two degrees and
2 mm of motion were used as the upper limits to
compensate for measurement and radiographic

(>4 mm). This semiquantitative grading of migration
was an attempt to address cage movement in relation
to the adjacent VBs. Therefore, the term cage
migration was used to differentiate this type of change
from subsidence11.

projection error. If there was a lucent line at the
implant’s margin(s), the segment was considered to
be unfused regardless of the aforementioned
measurements.
In patients in whom bisegmental surgery was
performed, the mass was categorized as fused only if
both levels met the aforementioned criteria. To assess
loss of segmental height over time, subsidence or
collapse of the implant was measured and considered
significant if greater than 2 mm.
Migration into the adjacent VB exceeding 2 mm was
considered to reflect a pathological complication. Two

5. Rectangular Titanium Cage
In this study, RABEA Rectangular Titanium Cages
(MJ Surgical,Ahmedabad,India) were used. The device
is produced from forged titanium alloy (MR imaging
compatible), has a cuboid form, toothed spikes
cranially and caudally, is hollow, and the upper and
lower surfaces have 1-mm toothed spikes that assist
in the positive anchorage of the implant between the
Vertebral Bodies. (Fig.3). The RABEA Rectangular
Titanium Cages spinal implant is approved by the Food
and Drug Administration for use in humans as a spinal
intervertebral body fusion device 12.
6. Statistical analysis
Descriptive statistics were used to describe
epidemiological and clinical data. Fisher’s c2 ,
Kruskall–Wallis and Student t-tests were used for
univariate analysis. Statistical analyses were
performed using IBM SPSS Statistics ver. 18.0 (IBM
Corp., Armonk, NY, USA).

Fig.-3: RABEA Rectangular Titanium Cages (MJ Surgical,Ahmedabad,India)
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Result:
1. Patients
Our analysis included a total of 215 patients who met
the inclusion criteria for this study. The average age
of the patients was 44.66 years; they had cervical or
radicular symptoms for a period of approximately 18.4
months, and a follow-up time of 6.7 months. Thirtytwo patients (14.9%) were female, and 183 (85.1%)
patients were male with a female to male ratio of 1:6.71
(Table 1).
Table-I
Clinical and epidemiological data
No. of patients
Age (yr)
Gender
Female
Male
Time with symptoms (mo)
Level
Single level
Two levels
Three levels
Type of pain
Cervical
Radicular
Both
Nurick score
0
1
2
3
4
5
Radiological findings
Lordotic Change
Listhesis
Foraminal stenosis
Central stenosis
Cervical myelopathy

215
44.66
32
183
18.40±

(14.9)
(85.1)

144
54
17

(67.0)
(25.1)
(7.9)

65
31
119

(30.2)
(14.4)
(55.3)

85
85
23
11
8
3

(39.5)
(39.5)
(10.7)
(5.1)
(3.7)
(1.4)
79.2

147
94
59

(68.4)
(43.7)
(27.4)

In preoperative clinical evaluation, 30.2% of patients
reported cervical pain, 14.4% reported radicular pain,
and 55.3% reported both; mean preoperative VAS pain
score was 8.09, with a mean NDI score of 35.38 (81.1%
of patients had at least moderate disability). Myelopathic
symptoms were present in 39.5% of patients; 39.5%
of patients had Nurick 1 myelopathy (Table 2).
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One hundred sixty eight patients (68.4%) had central
cervical stenosis; only 27.4% had signs of medullar
myelopathy on MRI. On lateral X-ray, 79.2% of patients
had lordotic preoperative cervical curvature (Table 1).
2. Clinical outcome
40% (86) of the patients rated an excellent, 52% (112)
of the patients rated good and 8%(17) of the patients
rated fair during the follow-up after 3 months. After
1year follow-up, 58% (125) of the patients found an
excellent,38% (82) of the patients found good and
04% (08) of the patients rated fair (Table.3). Clinical
outcome was not affected by cage subsidence (p >
0.211) or presence of bone formation (p > 0.410).
ACDF was performed at one-level in 67% of patients ,
at two-level in 25.1% of patients, and at three-level in
7.9% of patients. Six patients (2.8%) developed
postoperative complications two patients had
postoperative implant migration (0.93%), three patients
had post operative transient dysphagia (1.4%) and
one patients had temporary hoarseness of voice.
On follow-up, all patients reported at least partial
improvement in functional status and pain scale; VAS
score improved from 8.09 to 1.1 and NDI score
improved from 35.38 to 14.44. All scales exhibited
statistically significant improvement (pd”0.001). No
significant difference was found between single versus
multilevel disease in clinical outcome (VAS or NDI);
(Table 2).
Table-II
Clinical and surgical outcome
Variable

Mean±standard deviation

NDI (%)
Preop
Postop
VAS score
Preop
Postop
Complications
Fusion rate (%)
Single level
Multilevel
Subsidence rate (%)
Single level
Multilevel
Adjacent Segment Change (%)

35.38±2.93
14.44±2.91
8.09±5.7
1.10±0.89
6±2.8
93.5
96.26
88.89
5.6
41.67
58.33
17
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Table-III
Outcome Accroding to Odoms Criteria
Odoms criteria

3 month

12 month

Excellent

40%(86)

58%(125)

Good

52%(112)

38%(82)

8%(07)

04%(08)

Fair
Poor

3. Radiological outcome
Fusion was documented in 93.5% of patients (Fig.
4A); 96.26% of patients with single level disease
achieved post operative fusion versus 88.9% of patients
with multilevel disease.
There was a significant difference between the single
and multilevel disease groups (p=0.04). (Table 2).
Cage subsidence was found in twelve patients ( 5.6%)
with no significant difference between single or
multilevel procedures. Two methods of addressing
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cage movement and subsidence were used. One
consisted of a semiquantitative measuring method in
which the known cage height was used as a reference.
Subsidence was measured according to the method
proposed by Gercek, et al In their scheme, cage
movement is viewed indirectly in relation to the
measured changes of the disc space (Fig. 4 C). All
calculations were made on the lateral plain
radiographs at discharge and at follow-up examination
3 months and 1 year later
We observed that nine patients (17%) had adjacent
segment changes in follow-up studies, but none had
symptomatology attributable to the findings identified
using imaging (Fig.1A). No significant differences were
found in adjacent segment changes between patients
with single level or multilevel procedures. At followup, there was no significant difference in clinical
outcome between patients with adjacent segment
changes and patients with any findings in sequential
image studies (Table 2)
3.3. Complications
The rate of complications was 2.8%: two patients had
postoperative implant migration (0.93%), three patients
had post operative transient dysphagia (1.4%) and
one patients had temporary hoarseness of voice. The
radiological and clinical postoperative follow-up was
uneventful and the patient remained asymptomatic.
Discussion:
The anterior approach to cervical decompression was
first described by Cloward8 and Robinson and Smith9
in the 1950s. Since its introduction by Cloward and
by Smith and Robinson, the anterior cervical
microsurgical approach has become established as
the procedure of choice for the treatment of disc
herniation and spondylosis16.

Fig.-4: (A) Postoperative lateral radiograph of a patient
with C6-7 disc herniation grafting by a 8mm cage. (B)
One-year follow-up radiograph revealed maintenance
of disc height and successful fusion. (C) A radiolucent
gap can be seen in both cases around the cage
(arrows).

The ideal cervical fusion substitute would result in
fusion in all patients and offer maximal comfort. It
would avoid pain at autograft sites and associated
soft tissue morbidity, obviate the need for cervical
orthosis, and not impair subsequent radiologic
investigations. It would provide immediate stability in
compression and resist axial displacement, minimize
neck pain, and maintain spinal alignment and foraminal
height.All these demands led many authors in recent
years to study fusion cages.13
In accordance with the preference often given to Smith–
Robinson fusion, rectangular cages are supposed to
combine several theoretical advantages. They are
143
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thought to provide immediate stability, maintain a
constant height, improve cervical lordosis, have a lower
profile than plates, carry no infectious risk, and require
no bone graft harvesting.17
The rectangular titanium RABEA cage (MJ
Surgical,Ahmedabad,India) used in the present study
is characterized by additional spikes, which are
supposed to be autostabilizing, and thus additional
platebased immobilization is thought to be
unnecessary. Because cages are sunk just below the
vertebral surface, they essentially represent a so-called
no-profile device for stabilization. An interface with the
esophagus, which is common to all plate devices and
which may provoke dysphagia, is not present with
cages. Pilot studies of the RABEA cage conducted
by Al-Hami 18 and Lange, et al. 19 have yielded
promising results.
Anterior Plate Constructs(APC) for ACDF are effective
in achieving immediate stability, improving cervical
sagittal alignment, and increasing fusion rates, with a
low profile of current anterior plating systems. More
recently, there has been an increase in the use of the
Rectangular Titanium Cage (RTC), which does not
require an anterior plate and minimizes cervical soft
tissue disruption, thereby reducing the profile of the
construct20. Studies have demonstrated the safety
and efficacy of three-level ACDF with cages and plate
fixation; however, complications associated with plate
fixation (e.g., breakage, loosening of screws, screw
penetration to endplate, triangle fracture, and visceral
and vascular structural injuries) have been reported
with multilevel ACDF.21 RectangularTitanium cages
(RTC) appear to overcome these limitations of anterior
plating, but there is disagreement regarding the use
of Rectangular Titanium cages (RTC) with respect to
subsidence, cage migration, loss of cervical lordosis
and fused segment angle, and relatively low fusion
rate.22 Some studies have indicated that RTC has a
better clinical effect on cervical spondylosis, with fewer
invasive surgical treatments than APC.23 The surgical
procedure for RTC is very simple and relatively short24.
The operative time is significantly greater and blood
loss is significantly higher with APC, compared with
RTC, in single and multilevel procedures.25,26,27
Surgical exposure and steps for plate insertion are
time-consuming and increase soft tissue dissection,
blood loss, and surgical time. We achieved excellent
results with RTC for single and multilevel disease
(Fig.4), with significant improvement in NDI and VAS
144
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scores. Clinical results in pain and functional scales
between preoperative and postoperative groups of
patients were improved in this case series. Few
previous reports have addressed the comparison
between single and multilevel cervical disease in the
same case series. In this study, we found that clinical
and radiological outcomes were significant
improvement between the preoperative and
postoperative groups. APC might pose a substantial
risk of hardware-related complications, such as plate
dislodgement, soft tissue injury, tracheoesophageal
lesions, and dysphagia28,29. Dysphagia is recognized
as the earliest complaint after ACDF using an
additional anterior plate. The reported incidence of
transient dysphagia after ACDF ranges from 2%–71%,
and that of chronic dysphagia ranges from 3%–21%.28
Studies have found that RTC has a lower risk of
dysphagia as a complication, compared with APC, in
postoperative and follow-up periods.20 Li et al.32
reported a 6.8% incidence of postoperative dysphagia,
as well as 2.8% incidence at 3 months postoperatively.
We observed a 1.4% incidence of transient dysphagia
that lasted 4–7 days, less than that reported with the
APC technique; notably, no patients exhibited
permanent dysphagia. Dysphagia following
instrumentation with APC implies that plate design
may have an effect on soft tissue structures; possible
explanations include postoperative soft tissue edema,
esophageal injury, postoperative hematoma, and
adhesive formations around implanted cervical
plates. 33 Low-profile implants are completely
contained in the intervertebral space, avoiding
mechanical stimulus to the esophagus; furthermore,
the operative procedure is simpler, with reduced
retraction of the esophagus, diminishing the risk of
postoperative dysphagia.34 Patients undergoing threelevel fusion have significantly higher incidence of
postoperative dysphagia than those undergoing oneor two-level fusions, because of the iatrogenic irritation
to soft tissues during surgical exposure;35 therefore,
we recommend gentle dissection of cervical tissues
and adequate surgical level planning to reduce the
incidence of postoperative complications related to
the procedure.
Only stable bony fusion prevents delayed kyphotic
deformity with concomitant foraminal stenosis causing
root compression and neck pain. When single-level
ACDF is performed, 83%–100% of radiographic fusion
is reported with both techniques.32 In multilevel cervical
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disease, bony fusion rates and postoperative sagittal
balance have varied among studies as well as on the
basis of parameters used for evaluation; fusion rates
for multilevel cervical disc degenerative disease vary
from 78%–100%.21,37 Chen et al.21 reported similar
rates of fusion between both techniques (APC versus
RTC) in multilevel cervical disease (95.7% versus
92.3%). We observed total fusion in 93.5% of patients
(Fig. 2A), with significantly higher rates of fusion in
the single level procedure than in multilevel surgery
(96.26% versus 88.9%); however, there was no
significant difference in clinical outcome between both
groups. Long-term results must be evaluated, and
other factors beyond technique should be considered
during evaluation; these include bone quality of the
patients, implant used, distraction achieved by cage
usage, and grade of subchondral bone exposure during
the meticulous preparation of the endplate for fusion.
During the process of bone remodeling, the settlement
of the cage of <2 mm into the vertebral bodies until
fusion is to be expected; subsidence is defined as
the sinking of an object with a greater elasticity
modulus (cage) into an object with a lower elasticity
modulus (vertebral body).36 If the cage subsides into
the vertebral body with disc space collapse, foraminal
height and cervical alignment are not restored.22,28
Subsidence has been reported in 9.3 to 62.5% of
cervical segments analyzed, and it often occurs within
3 months after surgery22,28,37-39. Although subsidence
does not appear to affect clinical outcomes, this must
be evaluated in long-term studies.21,40-42 We observed
cage subsidence in 5.6% of our patients, that was
within the range reported in previous series. In a
onelevel procedure, no significant difference was
present between the two techniques, and subsidence
risk increased with the number of levels treated; it
was more common in C5–6 and C6–7 levels, as we
observed in the present study.36,20 With a greater
increase in interbody height, the risk for subsidence
also increases, suggesting that oversized cages may
be a risk factor for subsidence;36 we found no
significant difference in the incidence of subsidence
between single and multilevel procedures.
Nevertheless, the long-term clinical outcome of
patients with subsidence remains satisfactory, as the
disc height of treated level at final follow-up remains
significantly greater that that before surgery; moreover,
after fusion, subsidence does not progress36,32,43.
Kao et al.36 reported no subsidence-related symptoms
that required treatment during follow-up in a series of
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patients treated with RTC for cervical disc disease. In
our series, we found no difference in clinical outcome
evaluated by NDI and VAS between subsidence and
no-subsidence groups. There are no objective
parameters for use in determining the correct size
cage or predicting clinical outcome. 36,44 Sagittal
misalignment will cause an increased stress
distribution on internal fixation devices, as well as
cervical instability, postoperative axial pain, and
deterioration of neurological deficit; these parameters
influence functional recovery 32 . In addition,
maintenance of cervical alignment is important
because malalignment leads to adjacent segmental
degeneration of the fused segment and can also cause
worsening of long-term outcomes.37 We observed
improvement in cervical lordosis of 5.7° without
significant difference between single and multilevel
disease. Both APC and RTC improved local and global
sagittal balance in single and multilevel cervical
degenerative disease; some studies have shown no
significant differences in cervical angles between these
techniques. 20,29 Incidence of adjacent segment
disease following ACDF has been reported in
approximately 25% of patients 45 Peri-plate
ossification has been previously described as a finding
following arthrodesis with anterior cervical plate;
notably, there is a higher incidence of adjacent
segment degeneration if an additional plate is placed
close to an adjacent disc space29. With RTC, the
incidence of adjacent segment disease is reported
from 2% to 30%% at follow-up32. We found adjacent
segment changes in sequential postoperative studies
in forty thirty seven patients (17%), with no difference
between single and multilevel disease; moreover, there
was no difference in clinical outcome (Fig. 1A,B).
These findings suggest that even with the RTC
technique, there is a significant risk of adjacent
segment disease, and additional follow-up is needed
to evaluate clinical outcome related to adjacent
segment changes in imaging studies.
Bone formation
The higher rate of bone formation in our study patients
with RTC could be explained by three factors: 1.The
patients were younger and could possibly muster larger
osteogenic abilities. 2. The Plasmapore coating of
the RTC-cages enlarges the surface and might
increase osteoconductive properties. 3. Cage
subsidence and subsequent exposure of cancellous
bone inside the cage might promote fusion in certain
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case. The fusion rate of empty Rectangular Titanium
Cages is reported to reach even 100 and occur as the
result of endplate failure and subsequent filling of a
cage by fracture fragments.46
Case-control studies involving patients surgically
treated with ACDF via RTC versus APC technique are
needed; furthermore, long-term consequences of
complications (e.g., subsidence, sagittal
misalignment, adjacent segment disease, and
pseudoarthrosis) must be addressed for further
analysis of clinical and radiological results.
Conclusion:
The results of our study suggest that RTCs are a safe
and effective alternative to bone autografts after ACD
for treatment of cervical disc disease. ACDF with
Rectangular Titanium Cage cervical devices is an
excellent option for cervical degenerative disc disease
of one, two, and three levels; similar results were
reported with ACDF using either a stand alone cage
or a plate.
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