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Objective: To investigate the early and mid-term efficacy and safety of the bridge-type ROI-C
interbody fusion cage system in the treatment of cervical spondylosis with osteoporosis during
anterior cervical discectomy and fusion (ACDF).

Patients and methods: The clinical data from 24 cervical spondylosis patients with
osteoporosis treated with ACDF were retrospectively analyzed. All patients were treated with
ROI-C cage. Double-energy X-ray absorptiometry (DEXA) was used to measure the bone
mineral density (BMD). The cervical sagittal radiographic parameters were measured and
compared using X-ray including C2—-C7 Cobb angle, segmental angle (SA), cervical vertebral
bow depth, and height of operation segment (HOS). Postoperative dysphagia was recorded
according to the Bazaz score. The Japanese Orthopedic Association (JOA) scores and Neck
Disability Index (NDI) scores were used to evaluate the clinical outcomes at different time
points. Odom and Vaccaro criteria were used to assess the surgical effects and to evaluate the
fusion of the bone graft.

Results: The mean duration of the postoperative follow-up was 27.4+5.7 months (ranging from
21 to 36 months). The JOA scores and NDI scores at 3 months post operation and at the time of
final follow-up were significantly different from those before surgery (P<<0.05). Two patients
had mild dysphagia after surgery, but it disappeared after symptomatic treatment for 3—5 days.
Sagittal radiographic outcomes were significantly improved at 3 months post operation (P<<0.05).
At the time of final follow-up, the radiographic parameters were well maintained and were not
significantly different compared with 3 months post operation (P>0.05).

Conclusion: The ROI-C cage system is safe and effective for use in patients undergoing anterior
cervical spondylosis surgery for osteoporosis treatment. It results in a positive effect on bone
graft fusion, is able to effectively improve cervical curvature, restores intervertebral height,
and reduces the incidence of postoperative dysphagia. The clinical effects were positive at the
early and middle postoperative stages.
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Introduction

Due to an aging population, the number of elderly patients with cervical spondylosis,
a condition that is often accompanied by osteoporosis, is increasing. Many of these
patients undergo degenerative changes in the cervical spine, which may be in need of
cervical fixation and fusion surgery. Studies have found that 2% of patients undergoing
surgery for cervical spondylosis are associated with osteoporosis, of whom the rate of
anterior cervical spine surgery is 63.35% and the postoperative revision rate is 3.57%,
which is significantly higher than those without osteoporosis.! With the development
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and improvement in cervical cage technologies, anterior
cervical discectomy and fusion (ACDF) is currently widely
used and is considered the gold standard for the treatment of
cervical spondylosis.>* Among them, the bridge-type ROI-C
interbody fusion device can reduce operation time, blood loss,
postoperative dysphagia, adjacent segment degeneration, and
other complications. Thanks to its precise clinical curative
effect, it has been widely applied in clinical use.** Up to the
present, no studies have reported on the use of bridge-type
ROI-C interbody fusion cages for anterior cervical fusion
with osteoporosis. This study retrospectively analyzed
24 patients with cervical spondylosis treated with ACDF
using the bridge-type ROI-C interbody fusion cage system in
our hospital from August 2013 to January 2015. The clinical
results are reported in the following sections.

Patients and methods

Research objectives

In total, 24 patients with cervical spondylosis, accom-
panied with osteoporosis, were treated with the ROI-C
interbody fusion cage in our hospital from August 2013 to
January 2015. All patients gave written informed consent
for participation in this study. This study was approved by
the research ethics board of the First Affiliated Hospital of
Nanjing Medical University. All patients were diagnosed
with osteoporosis by double-energy X-ray absorptiometry
(DEXA). Among them, there were nine cases of cervical
spondylotic myelopathy, 13 cases of cervical spondylopathy,
and two cases of mixed cervical spondylosis. The patients
consisted of nine males and 15 females, with an average age
of 58.2 years (ranging from 53 to 76 years). The average dura-
tion of postoperative follow-up was 27.4 months (ranging
from 21 to 36 months). All cervical lesions were at the C, ,
level and included 19 cases of lesions in a single segment,
four in double segments, and one in three segments. There
were five cases of lesions in the C, , segment, ten in the C_
segment, 12 in the C,_, segment, and three in the C__ segment
(Table 1). One patient underwent cervical fusion surgery in
the adjacent segment, and this lesion was in the upper seg-
ment of the fused segment. All patients underwent cervical
spine X-ray, computed tomography (CT), and magnetic
resonance imaging (MRI) before surgery.

Inclusion criteria

Inclusion criteria were as follows: the presence of MRI and
other imaging examination evidence to suggest that the spinal
cord or nerve roots were compressed; presentation with
obvious corresponding clinical symptoms, such as neck and

Table | Descriptive data, bone density, and operation details of
patients

ROI-C

Mean age (years) 58.216.8
Number of samples 24
Gender

Male 9

Female 15
Duration of follow-up (months) 27.4+5.7
Bone density -2.6
Operation level

Level | 19

Level 2 4

Level 3 |
Operation time (months)

Level | 57+19

Level 2 93+27

Level 3 128

Note: Data shown as number or mean * standard deviation.

shoulder pain, numbness, tightness in the chest, limb weak-
ness, walking instability, foot cotton, and other symptoms; a
bone density examination revealing osteoporosis (T = —2.0);
symptoms that were not significantly relieved and still
affected normal life after 6 months of regular conservative
treatment; and complete medical records and imaging data.
Patients with severe cervical instability, cervical fracture and
dislocation, spinal stenosis, tumor, and severe osteoporosis
were excluded from the study.

Clinical evaluation indicators

The clinical outcomes were assessed using the Japanese
Orthopedic Association (JOA) scores® and Cervical Dys-
function Index (NDI) scores’ before and after the surgery.
Odom’s method was used to determine the efficacy of the
surgery and was ranked as follows: excellent, postoperative
symptoms and signs disappeared; good, most of the symp-
toms and signs were relieved and normal functioning was
returned; fair, symptoms and signs were partially improved,
but they could not function properly; poor, symptoms and
signs were basically the same as before surgery. According
to the Bazaz score,? the severity of postoperative dysphagia
was graded as follows: none, no swallowing problems; mild,
almost no dysphagia; moderate, occasional dysphagia; and
severe, frequent dysphagia.

Radiological assessment

All patients underwent standard cervical radiography before
surgery, 3 months after surgery, and at the time of last
follow-up. The C2—-C7 Cobb angle,’ segmental angle (SA),
and height of operation segment (HOS) were measured,
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Preoperation

3 months post operation

L

Figure | Methods of measuring cervical radiographic parameters (T=-2.7).

3 monfhs post operation 3 years post operation

Notes: (A) Height of the operation segment, measured as the distance between the midpoint of the upper end plate and the midpoint of the lower end plate. (B) The cervical
C2-C7 Cobb angle is the angle between the perpendicular line of the inferior end plate of the C2 and C7 vertebrae. A positive value denotes lordosis, and a negative value
denotes kyphosis. (C) The SA is the angle between the perpendicular line of the superior end plate of the cranial vertebrae and the inferior end plate of the caudal vertebrae.
(D) The cervical vertebral bow depth is measured as the line between the upper edge of the posterior odontoid process and the posterior and lower edge of the C7 vertebra,
connecting the posterior margin of the vertebrae to the arc and the vertical distance from the arc top to the front line.

Abbreviation: SA, segmental angle.

and Borden’s method was used for the measurement of the
cervical vertebral bow depth (Figure 1). The Vaccaro stan-
dard was used to evaluate the status of interbody fusion.!
The fusion criteria were as follows: displacement angle of the
cervical vertebral motility position adjacent to the vertebral
body did not exceed 2°; height of the intervertebral space was
recovered without collapse; bone trabecular and upper and
lower vertebrae possessed bony connection; no translucent
line was visible between the bone area and the upper and
lower edges of the vertebral body.

Materials

The curved area above the ROI-C fusion cage (LDR, Troyes,
France) follows the natural vertebral anatomy (Figure 2).
Its leading edge is higher than the posterior edge, bringing
the bone and the implant in close contact with each other.
It can effectively restore and maintain the height of the
intervertebral space and the cervical physiological curva-
ture. It also provides a large cross-sectional area, increases
contact area between the bone graft and the upper and lower

Figure 2 The bridge-type ROI-C interbody fusion cage system.
Notes: (A) Oblique view. (B) Anterior view. (C) Superior view. (D) Lateral view.

c
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vertebral bodies, promotes fusion, and reduces the risk of
collapse. The outer bearing surface is large, and its serrated
appearance and anatomical form increase the initial stability.
Different models and specifications are available which are
suitable for different anatomical features of the spine, so
that it can be more perfectly matched with cervical anatomy.
Polyetheretherketone (PEEK) composites permit the penetra-
tion of X-rays, allowing for the evaluation of bone growth
and fusion.!!+!?

Surgical methods

With the patient in a supine position, the classic Robinson
and Cloward anterior cervical approach and technique'®
were used. After completion of decompression, a bridge
ROI-C fusion cage of suitable size was installed. Postopera-
tive fluid analgesia and regular anti-osteoporosis treatment
were performed. Two days after surgery, the drainage
tube was removed. When the patient was able to get out
of bed, a cervical collar was worn for 3 months after the
operation.
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Statistical methods

SPSS 20.0 software (IBM Corporation, Armonk, NY,
USA) was used for statistical analysis of the data. Results
of cervical radiological parameters are expressed as mean +
standard deviation. A paired-sample 7-test was used to com-
pare changes in JOA scores, NDI scores, and radiological
parameters before and after surgery. P-value of =0.05 was
regarded as statistically significant.

Results

General conditions of patients

Anesthesia for all patients was satisfactory, and operations
were carried out successfully without any injury to the tra-
chea, esophagus, dura mater, or spinal cord. No hoarseness
of'voice, dyspepsia, dyspnea, or other complications, such as
deep vein thrombosis of the lower extremity, arose after the
operation. All patients were discharged 3—5 days after opera-
tion and showed good incision healing. During the follow-up
period, symptoms of spinal cord and nerve compression were
significantly relieved compared with the preoperative state.
At 3 months post operation, only two cases had poor bone
graft fusion and the bone fusion rate was 91.7%. At the final
follow-up, all patients had achieved bone fusion, and no blade
fractures, cage subsidence, or loosening was observed.

Clinical and radiological results

Twenty-four patients were diagnosed with osteoporosis
by DEXA before the operation, with an average T-value
of —2.6. The average operation time was 57£19 minutes on
a single-segment case, 93127 minutes on a double-segment
case, and 128 minutes on the single three-segment case. The
patients were followed up for 21-36 months, for an average
of 2745.7 months. The JOA score increased from the preop-
erative measurement (9.2+1.8) to the time of final follow-up
(13.8+1.6) and NDI scores decreased from preoperative mea-
surement (36.9111.7) to the time of final follow-up (7.9£3.1).
The JOA and NDI scores at 3 months postoperatively and
at the time of final follow-up were significantly different from
those before surgery (Table 2; P<<0.05). The effect of surgical

Table 2 The JOA and NDI scores of patients at different time
points

JOA score NDI score
Preoperation 9.2+1.8 36.9+11.7¢
3 months post operation 13.1£1.9° 14.2+10.6°
Final follow-up 13.8£1.6° 7.9£3.1°

Notes: b compared with a: P<<0.05. Data shown as mean * standard deviation.
Abbreviations: JOA, Japanese Orthopedic Association; NDI, Cervical Dysfunction
Index.

treatment was determined by Odom’s method, with 95.8%
rated as excellent or good. Two patients suffered from mild
dysphagia after surgery, which disappeared after 3—5 days of
symptomatic treatment. The C2—C7 Cobb angle, SA, cervical
vertebral bow depth, and HOS were significantly improved
at 3 months post operation (Table 3; P<<0.05). At the final
follow-up, the C2—C7 Cobb angle, SA, cervical vertebral bow
depth, and HOS were well maintained, with no significant
difference observed compared with the values obtained at
3 months post operation (Table 3; P>0.05).

Typical cases were as follows: 1) a 66 year-old male
patient was admitted to the hospital showing numbness of
the limbs and walking instability for 2 years. The symptoms
worsened over 3 months. DEXA results showed that the
T-value of the lumbar spine bone density was —2.5. Radio-
logical data before and after surgery and upon follow-up are
shown in Figures 3-5. 2) A 64 year-old male patient, who
underwent anterior cervical surgery 3 years ago, suffered
from degeneration of adjacent spinal segments after surgery.
The diagnosis was cervical spondylotic myelopathy and
adjacent segment degeneration of the cervical spine. The
preoperative T-value was —2.3. The imaging data before and
after surgery are shown in Figures 6 and 7.

Discussion

Osteoporosis, one of the most common human bone diseases, is
characterized by reduced bone mass and deterioration of bone
tissue and structure.'* The number of people with osteoporosis
in USA is estimated at 10 million, and it is expected to increase
to 20 million by 2020.'5 In China, among people over 50 years
old, approximately 69.44 million people suffer from osteo-
porosis. Among them, the prevalence rate of women reached
20.7%, and that of men was 14.4%.'¢ In 1994, the WHO pro-
posed diagnostic criteria for osteoporosis, which were based
on data from white postmenopausal women. The criteria were
as follows: a bone mineral density (BMD) at the affected site
of 2.5 SD lower than that of the average — meaning a T-value
of =-2.5 SD. If accompanied by a brittle fracture, it is termed
as severe osteoporosis. This standard is based on the T-value,
which is calculated according to the following formula:

BMD measured value —

BMD normal youthpopulation reference value

T-value = -
SD normal youth population reference value

Thus, the selection criteria of the normal reference
population are key; the BMD of the normal reference
population varies according to region, lifestyle, and dietary
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Table 3 Radiographic outcomes of patients at different time points: cervical curvature, SA, cervical vertebral bow depth, and HOS

measurements
Cervical curvature SA (°) Cervical vertebral HOS
(C2-C7 Cobb angle) (°) bow depth (mm) (mm)
Preoperation 12.9+7.8 2.315.4° 8.117.4 4.9+1.8
3 months post operation 15.4£8.3° 4.845.9° 9.618.1° 7.2£1.3°
Final follow-up 15.7+6.8° 4.9+6.5° 10.1+8.7° 7.140.9°

Notes: b compared with a: P<<0.05. Data shown as mean + standard deviation.
Abbreviations: HOS, height of operation segment; SA, segmental angle.

habits; thus, the diagnostic criteria do not fully apply to the
Chinese population. In 1999, the Diagnostic Group of the
Osteoporosis Committee of the Chinese Gerontology Soci-
ety suggested that the diagnostic criterion for osteoporosis
should be a loss of 25% of bone mass, or 2.0 SD, a standard
that is more in-line with China’s physical characteristics.
Hee et al'” reported on the complications of 21 cases of
osteoporotic multi-segmental cervical spondylosis treated
with an anterior titanium mesh graft with titanium plate
fixation. They achieved 95% bone graft fusion, but up to
33% of cases had complications, with the main cause of
complications being a failure of the intervertebral cage and
titanium mesh. Yan et al'® conducted a single-center study
on the use of titanium mesh and dynamic titanium plates in
the treatment of subtotal vertebral resection in osteoporotic
patients of varying degrees. They found no difference in
neurological recovery and postoperative cervical curvature,
but found striking differences in the degree of osteoporosis
subsidence, with all patients showing satisfying bone fusion.
Of course, regular anti-osteoporosis treatment based on
the specific patient characteristics is necessary during the

'iﬂ Preoperatlon
IR W TR S

Figure 3 Preoperative imaging examination.

perioperative period, and the anti-osteoporosis treatment pro-
gram should be adjusted according to the follow-up results.
Wang et al'’ studied the anterior fusion surgery of cervical
spondylotic myelopathy with osteoporosis and assessed the
effect of anti-osteoporosis treatment on the overall curative
effect. Their results confirmed that anti-osteoporosis treat-
ment could further improve cervical curvature and fusion
segment intervertebral height and was also more effective in
alleviating pain in the upper extremities. All patients in our
study received regular anti-osteoporosis treatment, and all
had symptoms that were remarkably alleviated. The JOA and
NDI scores were significantly improved, and the efficacy was
well maintained during the follow-up period of up to 3 years.
Bone fusion was achieved in all surgical segments. The cur-
vature of the cervical spine and intervertebral height were
effectively maintained, and there was no failure of internal
fixation. This indicates that interbody fusion cage treatment
of cervical spondylosis combined with osteoporosis anterior
fusion surgery can achieve a satisfying surgical outcome.
ACDF is a classical surgical treatment for cervi-
cal spondylosis. It can directly alleviate decompression,

Notes: (A) X-ray image showing degeneration of the cervical vertebrae, narrowing of the intervertebral space, and decreased physiological bending of the cervical vertebrae.
(B, C) MRI showing C3—C4 intervertebral disk herniation and significant compression of the dura mater.

Abbreviation: MRI, magnetic resonance imaging.

Clinical Interventions in Aging 2018:13

submit your manuscript

2547

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Rong et al

Dove

3 months post operation

3 months post operation

Figure 4 Imaging examination at 3 months post operation.

3 months post operation 3 months post operation

Notes: (A, B) X-ray image showing that the fusion device was in place in a satisfactory position. The lordosis of the cervical spine was well maintained. (C, D) MRI showing

satisfactory decompression at the C3-C4 segment.
Abbreviation: MRI, magnetic resonance imaging.

effectively restoring cervical lordosis through distraction
of the intervertebral space and rebuilding the stability of
the diseased segment, resulting in clinically satisfactory
results.? In traditional cervical anterior surgery, fusion cage
and titanium plate fixation systems are widely used. The use
of titanium plates can increase the stability of the cervical
spine, reduce the looseness of the fusion cage, and increase
the interbody fusion rate.”” However, the use of titanium
plates has also increased the range of anterior longitudinal
ligament dissection, thus increasing the risk of esopha-
geal or tracheal injury, nerve injury, and dysphagia.?' The
bridge-type ROI-C interbody fusion cage, which is used in
the clinic at present, consists of two teeth-like inserts and a

| 3 months post operation 3 months post operation

| g

Figure 5 Imaging examination at 3 years post operation.

PEEK composite cage. An ACDF that uses the bridge ROI-C
fusion device can simplify the surgical procedure, eliminating
the need for screw drilling, tapping, and other steps in the
anterior titanium plate surgery, thus saving surgical time and
reducing surgical bleeding.’ In addition, there is no need for
titanium plate fixation in front of the vertebral body, which
has a smaller range of surgical exposure, leading to reduced
pulling of the trachea, esophagus, and nerves, and a reduction
in the incidence and severity of postoperative dysphagia.*
Regarding biomechanical stability, the bridge-type ROI-C
fusion cage has the same efficacy as the fusion cage plus
titanium plate.?> The bridge-type ROI-C fusion device is
relatively simple to implant and brings certain advantages

3 months post operation

3 months post operation

Notes: (A, B) X-ray image showing satisfactory position of the cage and good maintenance of cervical lordosis. (C, D) MRI showing satisfactory decompression at the C3—-C4

segment and no increase in degeneration in the adjacent segment.
Abbreviation: MRI, magnetic resonance imaging.
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2 years pre operation
Ve

3 days pre operation

Figure 6 Preoperative imaging examination.

3 days pre operation

3 days pre operation

Notes: (A, B) X-ray image showing degeneration of the cervical vertebrae and narrowing and progressive aggravation of the intervertebral space in the adjacent segment.
(C, D) MRI showing C4-C5 disk herniation in the segment adjacent to the operation with dura mater compression and spinal stenosis.

Abbreviation: MRI, magnetic resonance imaging.

to anterior cervical angioplasty, such as reduced removal of
soft tissue and no need to replace screws and titanium plates.
Based on the results of this study, we found that there was
no sinking of the fusion cage, and the final surgical outcome
was satisfactory in all cases. This demonstrates that the use of
the bridge-type ROI-C interbody fusion cage system is safe
and reliable, and even in cases of anterior fusion surgeries
with osteoporosis in cervical spondylosis a satisfactory effect
of bone graft fusion can be achieved, with the short- and
mid-term curative effects still well maintained.
Osteoporosis is the most common degenerative human
skeletal disease. Spinal surgeons will inevitably perform
surgery on patients with osteoporosis, with surgery indica-
tions for elderly people at risk of osteoporosis similar to those
without osteoporosis, including cervical nerve root, cervical

a0

3 days post operation

3 days post operation

Figure 7 Postoperative imaging examination.

spondylotic myelopathy, and cervical disk herniation.?* Due
to the difficulty of the surgery and potential complications,
such as nonunion fractures, adjacent horizontal fractures,
and instrument failure, the treatment of patients with spinal
osteoporosis is challenging. Currently, no studies have
reported on the use of the bridge-type ROI-C interbody
fusion cage system for cervical anterior fusion surgery with
osteoporosis. Several previous studies®?"** have used the
bridge-type ROI-C interbody fusion cage system in middle-
aged and elderly patients. Although osteoporosis alone was
not proposed in these studies as a prognostic factor, bone
fusion was achieved in almost all cases, and internal fixation-
related complications were extremely low. All these factors
indirectly implicate the safety of the bridge-type ROI-C
fusion cage system applied to anterior cervical fusion surgery

3 months post operation

3 months post operation
S

Notes: (A, B) X-ray imaging showing the satisfactory position of the fusion device at 3 days post operation. (C, D) X-ray imaging showing the satisfactory position of the

fusion cage after 3 months. The cervical lordosis was well maintained.
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with osteoporosis. In addition, the ROI-C fusion device,
which uses a new type of intervertebral bridge-type self-
stabilizing technology, has a unique interface between the
fusion device and the insert, a stress separation between the
fusion device and the fixed plate, and the ability to lock the
double inserts in one step. The large cross-sectional area
increases the contact area between the bone graft and the
upper and lower vertebral bodies, which promotes fusion
and reduces the risk of collapse. The outer bearing surface
is large, and the saw-tooth shape and anatomy can enhance
initial stability. Even if loosening of the insert is caused by
osteoporosis, it will not affect the stability of the cage; on
the contrary, it can help reduce the risk of sinking of the
cage and improve the safety of use. Osteoporotic fractures
are associated with BMD — many prospective studies have
shown that for every 1 SD reduction in BMD, the risk of
osteoporotic fractures is increased from 1.5 to 3.0 times.”
Therefore, it is not recommended to use this fusion device in
elderly patients with severe osteoporosis, as loosening and
sinking of the cage may occur due to poor bone quality. It also
cannot be applied to patients with severe cervical instability
and fracture dislocation, as the ligaments and bony structures
are impaired, and the stability of the cervical segment cannot
be guaranteed.

Conclusion

The use of the bridge-type ROI-C interbody fusion cage
system in the treatment of cervical spondylosis with osteo-
porosis in anterior cervical surgery is safe and effective. It
can improve the curvature of the cervical spine, the cervi-
cal vertebral bow depth, the curvature, and intervertebral
height of the surgical segment, in addition to other benefits.
However, the main drawback of this study is that the results
were not compared with a control series of non-osteoporotic
cervical spondylosis patients. An additional limitation of
this study is that the nature of the analysis was retrospec-
tive and may be subject to bias. Further research is needed
to avoid selection bias, and the long-term follow-up studies
are needed to provide the best clinical data to determine the
efficacy of the bridge-type ROI-C interbody fusion cage
in the treatment of cervical spondylosis with osteoporosis
during ACDF.
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