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Background: The aim of this study was to compare the outcomes following anterior cervical discectomy and fusion with ze-
ro-profile anchored spacer-ROI-C-fixation (ROI-C) vs combined intervertebral cage and anterior cervical discec-
tomy and fusion (ACDF).

Material/Methods: We retrospectively analyzed 87 patients who underwent operations between January 2015 and January 2019,
including 42 patients that underwent ROI-C treatment (group A) and 45 that were treated by the ACDF approach
(group B). Operative duration, blood loss, dysphagia, Neck Disability Index scores (NDI), Japanese Orthopaedic
Association scores (JOA), and other complications were compared between these groups. In addition, implant
settlement, fusion, and cervical Cobb angle were assessed via imaging analyses.

Results: Patients in group A and group B were followed for 22.6+3.3 months and 27.1+3.5 months, respectively (range:
13-30 months). Relative to preoperative values, JOA scores were increased and NDI scores were reduced in
both groups following treatment (P<0.05), with comparable outcomes between groups (P>0.05). However, op-
erative duration, intraoperative blood loss, and postoperative complications did differ significantly between
these groups (P<0.05). Specifically, rates of short-term dysphagia were lower and recovery time was faster in
group A relative to group B (P<0.05).

Conclusions: The findings from this study showed that ROI-C fixation achieved satisfactory outcomes, improved cervical cur-
vature, restored intervertebral height, and was associated with shorter operative duration, reduced blood loss,
and less dysphagia.
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Background

Cervical spondylosis can have a severe adverse impact on qual-
ity of life [1,2]. In cases where conservative treatment alone
is ineffective, surgery is generally required to alleviate symp-
toms and to improve patient well-being [3]. Recent techno-
logical and surgical advances have improved the treatment of
cervical spondylosis [4]. Anterior cervical surgery is an increas-
ingly common treatment strategy for these patients, as it is
associated with relatively minimal trauma and is sufficient to
achieve high rates of precise curative outcomes [5]. Titanium
cage bone grafting combined with titanium plate fixation and
fusion is often used to treat cervical spondylosis. While very
effective, this treatment is associated with common compli-
cations, including plate displacement, loosening of surgical
screws, esophageal damage, and dysphagia [6-8]. Efforts to re-
duce the rates of these complications led to the successful de-
velopment and clinical implementation of ROI-C. Therefore, the
present study aimed to compare the clinical outcomes follow-
ing anterior cervical discectomy and fusion with ROI-C vs ACDF.

Material and Methods

General Information

This retrospective study was supported by the Institutional
Committee of Danyang People’s Hospital for Clinical Studies.
Between January 2015 and January 2019, a total of 87 cervi-
cal spondylosis patients were treated in our hospital. Of these
patients, 42 (23 females, 19 males; average age: 62.59+8.21
years; range: 50-73 years) underwent ROI-C (group A), while
45 (25 females, 20 males; average age: 61.15+7.52; range: 51-
72 years) underwent treatment using ACDF (group B). Patients
included in the present study met the following criteria: (1)
Preoperative X-ray, preoperative computed tomography (CT),
and preoperative magnetic resonance imaging (MRI) scans
of the patient revealed single-level spinal cord or nerve root
compression and osteophyte formation; (2) patients were ex-
periencing symptoms including numbness, limb weakness,
gait instability, or neck and shoulder pain that were not im-
proved following 6 or more weeks of conservative treatment;
and (3) follow-up data pertaining to > 12 months was avail-
able. Patients excluded in the present study met the follow-
ing criteria: (1) showed posterior longitudinal ligament steno-
sis and ossification; (2) exhibited severe cervical instability or
trauma; or (3) had any history of tumors, serious general dis-
ease, or prior cervical surgery.

Surgical Procedures

All patients were placed in supine position, with the head tilt-
ed back using a cervical cushion. Patients were administered
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general anesthesia, and a right transverse incision was made
to expose the vertebral body. For patients in group A, follow-
ing vertebral segment exposure, the hyperplastic tissue was
removed to prevent compression of the spinal cord and nerve
roots. Appropriate cage size was determined using the test
model. The local osteophyte that had been cut was placed
in the center of the cage, which was subsequently implant-
ed in the intervertebral space. The cage position was then as-
sessed in the lateral and positive position. Following cage im-
plantation, 2 self-locking cervical fixation clips were installed
to ensure stability. For patients in group B, the correspond-
ing vertebral body was exposed, after which the correspond-
ing intervertebral disc, the posterior longitudinal ligament,
and the bone hyperplasia behind the vertebral body were re-
moved to alleviate dura mater and nerve root compression.
The removed bone was placed into the intervertebral cage,
and an appropriate length of steel plate was placed in front
of the cervical vertebra, after which the plate was fixed using
4 screws. A cervical bracket was used for 4 weeks to support
appropriate fixation [9].

Clinical Evaluation

For each patient, data pertaining to age, sex, operative du-
ration, intraoperative blood loss, complication rates, dyspha-
gia incidence, symptom duration, and symptom relief were
recorded. JOA scores [10] and NDI scores [11] were used to
compare postoperative outcomes to preoperative findings in
each patient. Odom’s criteria were used to assess the effica-
cy of surgery [12] as follows: excellent — symptoms were com-
pletely alleviated following surgery; good — normal function-
ality was restored and symptoms were relieved; satisfactory
— partial symptom improvement was achieved, but function-
ality remained abnormal; poor — symptoms were largely un-
changed postoperatively. Bazaz score was used to evaluate the
degree of dysphagia into 4 grades as follows: severe, moder-
ate, mild, or none [13].

Radiographic Imaging

Collected radiographic images included preoperative X-ray, CT,
and cervical MRI scans, and postoperative X-ray scans. Cobb
angle values were measured with the cervical spine in the sag-
ittal position by assessing the vertical line formed by the infe-
rior endplate of C2 and C7. Radiologic fusion was considered
to have been achieved when the following criteria were met:
a) adjacent vertebral displacement was <2° in flexion with
neck extension; b) target cervical intervertebral space height
remained unchanged; c) no transparent lines were detected
between the grafted bone and the upper and lower vertebral
body endplates; d) it is judged as subsidence if the height
of intervertebral space is more than 3 mm. Two experienced
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Figure 1. (A-D) Preoperatively, cervical degeneration, hyperosteogeny, C5-6 cervical disc compresses the spinal cord. (E, F) Two days
after surgery, X-ray images revealed appropriate C5-6 cervical discectomy and proper positioning of the ROI-C interbody
fusion cage. (G, H) One-year after surgery, X-ray imaging revealed appropriate C5-6 cervical fusion and proper positioning of
the ROI-C interbody fusion cage. (C — cervical vertebra).

surgeons independently assessed all radiographic data to re-
duce the mean error associated with these analyses.

Statistical Analysis

SPSS 19.0 (SPSS, Inc, IL, USA) was used for all statistical test-
ing. Clinical and radiologic outcome data were compared via t
tests. Categorical variables including complication and fusion
rates were compared via chi-squared tests. P < 0.05 was the
significance threshold for this study.

Results

Clinical Evaluation

Operations for all patients were completed successfully with-
out any incidence of hoarseness, cerebrospinal fluid leakage,
or esophageal fistulae. Representative cases in group A are

shown in Figures 1 and 2. Representative cases in group B are
shown in Figures 3 and 4. The average operative duration for
group A (84+23 min) was lower than that for group B (98+27
min) (P<0.05, Table 1). Similarly, intraoperative blood loss was
lower for group A (139+22 mL) relative to group B (154+33 mL)
(P<0.05, Table 1). No significant differences were observed be-
tween groups with respect to JOA or NDI scores, which were
increased and decreased, respectively, in both groups postop-
eratively (P>0.05, Table 2). Clinical symptoms were significant-
ly improved in all patients following treatment.

Radioactivity Evaluation

The postoperative Cobb angle of group A (17.5+9.1°) was sig-
nificantly better than the preoperative value in these same pa-
tients (12.7+8.4°) (P<0.05, Table 3). Similarly, the postoperative
cervical lordosis angle in group B (19.8+9.3°) was significant-
ly improved relative to preoperative values in these same pa-
tients (11.949.1°) (P<0.05, Table 3). There were no differences
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Figure 2. (A-D) Preoperatively, cervical degeneration, hyperosteogeny, C6-7 cervical disc compresses the spinal cord. (E, F) Two days
after surgery, X-ray images revealed appropriate C6-7 cervical discectomy and proper positioning of the ROI-C interbody
fusion cage. (G, H) One-year after surgery, X-ray imaging revealed appropriate C6-7 cervical fusion and proper positioning of
the ROI-C interbody fusion cage.

in cervical lordosis angle observed between groups postoper-
atively (P>0.05). Three months postoperatively, fusion rates in
groups A and B were 85.7% and 82.2%, respectively, with no
significant difference between these groups (P>0.05, Table 3).
All patients were fused at the final follow-up. Six cases of sub-
sidence were observed in group A and 9 cases in group B, with
overall subsidence rates being comparable between groups
(P>0.05, Table 3).

Complications

No patients reported preoperative dysphagia. At 1 month af-
ter surgery, 9 patients reported dysphagia at 1 month after
surgery, with 5 of these patients reporting mild dysphagia
and 4 reporting moderate dysphagia. At 3 months after sur-
gery, 2 patients in group B still reported mild dysphagia, but
it had resolved by the last follow-up. In group B, 19 patients
reported dysphagia at 1 month after surgery, with 12 of these
patients reporting mild dysphagia and 7 reporting moderate

dysphagia. At 3 months after surgery, 3 patients in group B still
reported moderate dysphagia, while 6 reported mild dyspha-
gia. At the last follow-up, 3 patients in group B still reported
mild dysphagia. At 1 and 3 months following surgery, rates of
dysphagia were significantly different between these groups,
whereas they did not differ significantly at the last follow-up
(P>0.05, Table 4).

Discussion

The JOA and NDI scores improved significantly in the 2 groups
in the present study, with significant cervical lordosis improve-
ment and good surgical efficacy. As such, both of these test-
ed surgical approaches can effectively alleviate spinal cord
and nerve root compression. ACDF is the surgical approach
that is most frequently employed to treat cervical disc dis-
ease [14,15], and it is associated with a number of advantages,
including a high fusion rate and good cervical spine stability.
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Figure 3. (A-D) Preoperatively, cervical degeneration, hyperosteogeny, C4-5 cervical disc compresses the spinal cord. (E, F) Two days
after surgery, X-ray imaging revealed appropriate C4-5 cervical discectomy and proper positioning of the titanium mesh and
plate; (G, H) One-year after surgery, X-ray imaging revealed appropriate C4-5 cervical fusion and proper positioning of the
titanium mesh and plate.

However, ACDF is also linked with many potential complica-
tions, including dysphagia, screw or plate displacement, and
adjacent segment degeneration linked to plate implantation
in the anterior spine [16,17]. Clinically, a novel ROI-C has been
developed and implemented to minimize these surgery-asso-
ciated risks [18,19]. This ROI-C is composed of 2 self-locking
clips and a PEEK box. By entering the vertebral body via the
lamina, the locking plate can prevent cage movement, serv-
ing as an independent anchoring gasket and thereby provid-
ing independent biomechanical stability. Indeed, from a sta-
bility perspective, ROI-C exhibits efficacy similar to that of a
fusion cage with a titanium plate [9].

ROI-C implantation completely within the intervertebral space
was successfully achieved without any esophageal compres-
sion in the present study. The incidence of early dysphagia in
group A was significantly lower than that in group B, but the
final follow-up results showed no statistical significance. ROI-C
may thus be able to decrease the incidence of early dysphagia

and to reduce esophageal recovery time in patients who are
affected by this complication. The mechanistic basis for dys-
phagia in treated patients has not been clearly elucidated, but
may be linked to 2 primary factors. First, surgical instruments
can induce potential esophageal damage. During anesthetiza-
tion, tracheal intubation can injure the pharyngeal mucosa and
cause postoperative dysphagia. Second, a retractor must be
used to gently move the esophagus to clearly expose the po-
sition of the target vertebrae, thereby causing direct mechan-
ical compression of the esophagus, which can cause damage,
and prolonged traction can result in postoperative dysphagia.
In this study cohort, the operative time of group B was longer
than that of group A, and the incidence of dysphagia in group
B was higher than that in group A. Decreasing the operative
duration can thus also lower rates of postoperative dyspha-
gia. In addition, anterior vertebral plate utilization can increase
the incidence of dysphagia [20,21]. Many clinical studies have
shown that following ACDF fixation with a steel plate, this
plate can protrude from the vertebral body surface, resulting
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Figure 4. (A-D) Preoperatively, cervical degeneration, hyperosteogeny, C5-6 c cervical disc compresses the spinal cord. (E, F) Two days
after surgery, X-ray imaging revealed appropriate C5-6 cervical discectomy and proper positioning of the titanium mesh and
plate; (G, H) One-year after surgery, X-ray imaging revealed appropriate C5-6 cervical fusion and proper positioning of the
titanium mesh and plate.

Table 1. General information.

Group A Group B P value
Number 42 45 =
CSex
"""" Male 19 20 -
"""" Female 23 2s o
CAgelyean 6259:821 6115752 0396
Follow-up (months)  266s33  27.1s35 049
 Operation time (minutes) s4+23 o8+27 o011
CBloodloss(m) 13922 1s433 0015

P value is given for comparison between both groups. P<0.05, statistically significant.
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Table 2. JOA score and NDI score results (mean+SD).

Group A Group B P value
JOA scores
"""" Preoperatie ~ 99sles  o97eler o598
"""" Postoperative 1month  132421*  138«l7* 0626
"""" Postoperative 3month  149¢l7*  154¢19* 0201
Last follow-up 14.1£1.5** 14.4+1.8** 0.403
CNDIscores
"""" Preoperative  3al9s~ 33589~ 0736
"""" Postoperative 1month  169+¢44*  155:48*  o0l6l
"""" Postoperative 3month  154¢42*  15643* 0827
Last follow-up 14.7+4.6** 15.1+4.4** 0.679

JOA — Japanese Orthopedic Association, NDI — Neck Disability Index. * P value is given for comparison between both groups; * P<0.05
compared with preoperative value.

Table 3. The mean outcomes of radiological parameters measured before operation and during follow-up (mean+SD).

Group A Group B P value

Cervical lordosis

Subsidence 14.2% (6/42) 20.0% (9/45) 0.481

* P value is given for comparison between both groups; ** P<0.05 compared with preoperative value.

Table 4. Incidence of dysphagia.

Groups Group A Group B P value
Dysphagia
 One month postoperatively na% (94 802% (1945 o 0038
Three months postoperatively a7% (4 200% (945 0033
CRnalfolowuwp 00% (0/42) 667% (/45) 00ss

P value is given for comparison between both groups. P<0.05, statistically significant.
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in slight esophageal compression. In agreement with this, the
use of thinner steel plates has been reported to reduce rates
of dysphagia and attachment [16]. Some studies have found
that steel plate adhesion and attachment to the esophagus
can cause dysphagia to develop in treated patients [22], and
not using steel plates has also been linked to a lower risk of
dysphagia [23].

In the present study, there were 6 cases of subsidence in
group A and 9 cases of subsidence in group B, with no signif-
icant differences in subsidence rates between these groups.
Intervertebral cage subsidence can induce a range of complica-
tions, including intervertebral foramen and intervertebral disc
height loss and segmental spinal instability. Endplate prepara-
tion can reduce vertebral stiffness and strength, making it im-
portant to preserve as much of the cortical bone endplate as
possible to decrease the risk of intervertebral cage collapse.
The risk of subsidence is higher for a single interbody fusion
cage, resulting in the loss of kyphosis and adjacent segment
degeneration [24]. Cage sinking has previously been found to
occur in roughly 44% of cases [25]. In their study, Gercek et al
found that the anterior or posterior height loss of 5 interver-
tebral discs in 9 fusion segments was >3 mm, with 1 patient
exhibiting recurrent radiculopathy at 6-month follow-up [26].
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In summary, both of these approaches can decrease the risk
of subsidence and displacement, consistent with the ability
of the surgeon to appropriately preserve the bone endplates
and to select accurately sized cages.

Our study also has the following limitations. Firstly, a longer
follow-up period would be needed to investigate the vertebral
subsidence and long-term cervical stabilization. Secondly, the
sample size was small, and the use of a single center may have
introduced bias. We expect to perform a randomized prospec-
tive study with more patients included in the future.

Conclusions

The findings from this study showed that ROI-C fixation
achieved satisfactory outcomes, improved cervical curvature,
restored intervertebral height, and was associated with short-
er operative duration, reduced intraoperative bleeding, and a
reduced incidence of postoperative dysphagia.
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