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Abstract

noncontiguous levels

Background: Anterior cervical discectomy and fusion (ACDF) is the classic surgical treatment for symptomatic
cervical degenerative disc disease (CDDD). However, there is controversy over the best surgical management in
patients with two noncontiguous symptomatic levels of CDDD.

Methods: From April 2011 to May 2014, 44 patients with two noncontiguous symptomatic levels of CDDD underwent
skip-level ACDFs. In Group NoPlate, 23 cases underwent 2 noncontiguous levels of ACDF using zero-profile anchored
spacer; and in Group Plate, 21 cases underwent 2 noncontiguous levels of ACDF using cages and plates. Operation-
related paraeters for each group were recorded and compared. Japanese Orthopedic Association (JOA) scores and
Neck Disability Index (NDI) scores at preoperation and postoperation were compared with at least a 2-year follow-up.
Cervical lordosis was analyzed before surgery, 1 month after surgery, 3 months after surgery, and at final follow-up.

Results: Mean follow-up was 354 + 6.5 (range 24-48) months. Significant improvement on the JOA, NDI scores and
cervical lordosis was noted in each group (p < 0.05), and there were no significant difference in terms of JOA, NDI
scores, cervical lordosis and fusion rate between the two groups (P > 0.05). The operation time in Group NoPlate was
significantly shorter than in Group Plate (p < 0.05), and the incidence of dysphagia and adjacent segment degeneration
in Group NoPlate was significantly lower than in Group Plate (p < 0.05).

Conclusions: ROI-C and cages with plate fixation were both effective in two-level noncontiguous ACDF, and there
were no significant difference in clinical outcomes, fusion rate, and cervical lordosis. However, ROI-C was associated
with shorter operative time, lower incidence of dysphagia and adjacent segment degeneration.
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Background

Anterior cervical discectomy and fusion (ACDF) was
first reported in the 1950s [1], which then has become
the classic surgical treatment for symptomatic cervical
degenerative disc disease (CDDD) [2]. Many studies
showed that single- and multilevel continuous ACDFs
achieved good results [3—7]; however, there is controversy
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over the best surgical management in patients with two
noncontiguous symptomatic levels of CDDD. Surgeons
may choose to perform a 3-level ACDFs rather than just
treat symptomatic levels for fear of significant additive
stress on the intermediate intervertebral disc. However,
3-level anterior fusions are associated with increased
rates of pseudarthrosis and poorer clinical outcomes
than shorter constructs [8, 9].

In 2-level noncontiguous ACDE, 2 plates are often
used to provide the immediate postoperative stability
and improve the fusion rate. However, the procedure of
implanting plates is associated with the risk of perforation
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of esophagus and dysphagia. Besides, it may raise the
risk of adjacent-level ossification [10, 11]. Previously,
we investigated ACDF with zero-profile anchored spacer
(ROI-C, LDR, Troyes, France) for the treatment of 1-level
and 2-level contiguous CDDD, achieving satisfactory
clinical and radiological outcomes [12]. This implant
system is constructed of a polyether-ether-ketone
(PEEK) cage and two integrated self-locking clips. The
clips can enter the vertebral body through the endplate
and provide anterior column fixation (Fig. 1). Two-level
noncontiguous ACDFs with ROI-C, which only fuses
the symptomatic levels without anterior plates, may
therefore be the optimal treatment choice. The aim of
the present study was to compare surgical parameters,
clinical and radiological outcomes in patients who
underwent 2-level noncontiguous ACDF with ROI-C or
with cages and plates.

Methods

Patient population

From April 2011 to May 2014, a total of 44 patients
underwent skip-level ACDFs.

Inclusion criteria were (1) symptomatic CDDD which
was unresponsive to non-operative management; and (2)
spinal cord or root compression at two noncontiguous
intervertebral levels confirmed by magnetic resonance
imaging (MRI). Exclusion criteria were: (1) significant
instability of cervical spine; (2) developmental cervical
spinal stenosis; (3) severe cervical deformity; (4) a previous
history of cervical spine surgery; and (5) fracture, tumor,
ossification of posterior longitudinal ligament and any
serious general illness.

The 44 patients were divided into 2 groups: Group
NoPlate (23 patients), who underwent fusion using ROI-C
(Fig. 2); and Group Plate (21 patients), who underwent
fusion using cages and plates (Medtronic, Minneapolis,
American) (Fig. 3). There were no significant differences in
the demographic data between the two groups (P > 0.05)
(Table 1). This study was approved by the Institutional
Ethics Committee of Soochow University.
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Surgical technique

Operations were performed in supine position under
general anesthesia using the standard right-sided anterior
approach. The basic procedures including exposure, disc-
ectomy, and decompression were performed as described
previously [1]. To achieve adequate decompression, the
posterior longitudinal ligament, osteophytes, and other
compressive elements should be removed after discec-
tomy. Great care was taken to remove the cartilaginous
tissue, but preserve the bony endplate to prevent cage
subsidence. Cages were then implanted into the interver-
tebral space.

Zero-profile anchored spacers were used in Group
NoPlate. In Group Plate, PEEK cages were inserted, and
anterior plates were applied. In both groups, each appro-
priate-sized cage was packed with 0.25 mg of recombinant
human bone morphogenetic protein (thBMP-2, pharma-
ceutical group investment limited corporation, Hangzhou,
China) and excised local osteophytes.

Patients were allowed to sit up on the first day postop-
eratively and walk on the second day postoperatively
with a Philadelphia neck collar, which was applied for
4 weeks.

Collected data and outcome assessment
Collected data included age, gender, operated segments,
intraoperative blood loss, operative time, complications,
and clinical and radiologic outcomes. The complete cervical
spine X-ray, computed tomography (CT), and magnetic
resonance imaging (MRI) were performed preoperatively.
After surgery, the cervical spine X-ray were routinely taken.
Clinical and radiological evaluations were performed
preoperatively (1 day before operation) and postoperatively
at 2 weeks, 1 month, 3 months, and the final follow-up.
Radiological outcomes were measured using the Picture
Archiving and Communication System (PACS) imaging
system.

The Japanese Orthopaedic Association (JOA; scored
from 0 to 17, with a lower score indicating more severe
symptoms) scoring system was used to evaluate the
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Fig. 1 Lateral (a) and anteroposterior (b) views of the zero-profile anchored spacer (ROI-C, LDR, Troyes, France); (c) the integrated self-locking and

~N

4

C




Zhang et al. BMC Musculoskeletal Disorders (2018) 19:119

Page 3 of 7

No1 Hosp of Sc

f’:"j '.
h}. f Ay
/ .

Fig. 2 Preoperative lateral T2-weighted MRI (a and b) showing a 59-year-old woman with C3-C4 and C5-C6 disc herniation. Anteroposterior (c)
and lateral (d) radiographs showing C3-C4 and C5-C6 anterior cervical discectomy and fusions (ACDF) with the zero-profile anchored spacers

neurological status [13]. Neck Disability Index (NDI;
scored from 0 to 100%, with a lower score indicating less
severe symptoms) scoring system was used to assess
the neck function [14]. The JOA recovery rate (RR) was
calculated using the rationale of Hirabayashi [15]: (postop-
erative score - preoperative score)/(17 - preoperative
score) x 100. The incidence of dysphagia was assessed
using the Bazaz grading system [16]. Severity of dysphagia
was graded as none, mild, moderate, or severe (Table 2).
X-ray and CT scan reconstructions were used to evaluate
the bony fusion. Satisfactory fusion include the following
conditions [17]: (1) no motion between the spinous pro-
cesses; (2) no radiolucent gap between the graft and the
endplates; (3) continuous bridging bony trabeculae at the
graft-endplate interface. The cervical lordosis was assessed
by measuring the Cobb angle of C2-C7 from the inferior

endplate of C2, to the inferior endplate of C7 in a neutral
position (Fig. 4). The radiological evidence of adjacent
segment (above, below and intermediate) degeneration
included the following radiological manifestations: new
osteophyte or enlargement of previous osteophyte;
narrowing of a disc space; and increased calcification of
anterior longitudinal ligament. Clinical and radiological
assessments were conducted and reviewed by two senior
spine surgeons and patients were followed up for at least
24 months postoperatively.

Statistical analysis

Data are shown as mean + standard deviation. Intergroup
comparisons were made using ¢ test or Chi-square test
(Fisher’s exact test).The paired data were compared with a
paired sample t test. All the analyses were performed
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Fig. 3 Preoperative lateral T2-weighted MRI (a) showing a 68-year-old man with C3-C4 and C5-C6 disc herniation. Anteroposterior (b) and lateral
(c) radiographs showing C3-C4 and C5-C6 anterior cervical discectomy and fusions (ACDF) with cages and titanium plates
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Table 1 Demographic data of patients

Group NoPlate Group Plate P value
Patients No 23 21 -
Gender 15:8 9:12 0.137
(male: female)
Average age (years) 53.3 +838 (40-68) 57.8+9.2 (39-70) 0.105
Operated levels (C3-C4 and C5-C6: 13; C3-C4and C5-C6: 8, 0222
C4-C5and C6-C7: 10 C4-C5 and C6-C7: 13
Blood loss (ml) 700+ 15.8 754 +230 037
Operative time (min) 126.0+13.2 1434+179 0.001
Follow-up period 34.7 +7.6 (24-48) 36.2+5.2 (26-48) 0447

(months)

using the Statistical Package for the Social Sciences (ver-
sion 13.0 SPSS, Chicago, IL, USA) and the difference was
considered statistically significant at the P < 0.05 level.

Results

Surgical parameters

The operated noncontiguous levels were C3—4 and C5-6
(Group NoPlate, n=13; Group Plate, n=38), and C4-5
and C6-7 (Group NoPlate, n =10; Group Plate, n =13).
Group NoPlate had a mean blood loss of 70.0 + 15.8 ml
and the average operative time was 126.0 £ 13.2 min.
Group Plate had a mean blood loss of 75.4 + 23.0 ml and
the average operative time was 143.4+17.9 min. No
significant difference existed in age, gender, operated
levels and blood loss between the 2 groups (Table 1).
However, significant differences existed in operative time
between the 2 groups (P < 0.05).

Clinical outcome

Patients were followed up from 24 to 48 (mean: 35.4 + 6.5)
months. In both groups, the JOA and NDI scores were
significantly improved postoperatively (P<0.01, Fig. 5a
and b, Table 3). The comparisons of JOA and NDI scores
at each follow-up time between the 2 groups showed no
statistically significant differences (P> 0.05). The mean
JOA RR was (62.6 + 15.1)% in Group NoPlate and (66.8 +
14.6)% in Group Plate, which was not statistically different
(P> 0.05).

Radiologic outcomes
The cervical lordosis was significantly corrected postop-

eratively and the correction was maintained at last

Table 2 Bazaz grading system for dysphagia

Symptom severity  Liquid food  Solid food

None None None

Mild None Rare

Moderate None or rare  Occasionally (only with specific food)
Severe None or rare  Frequent (majority of solids)
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Fig. 4 Lateral radiograph showing cervical lordosis (Cobb angle of
(C2-C7) calculated by measuring the angle formed by the lines
along the inferior endplate of C2 to the inferior endplate of C7 in
the neutral position
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follow-up in both groups (P <0.01, Fig. 5¢, Table 3). No
significant difference in cervical lordosis was found
between the two groups at each follow-up time (P > 0.05).
The fusion rate at 3 months postoperatively was 91.3%
(21/23) in Group NoPlate and 95.2% (20/21) in Group
Plate, which was not significantly different (P >0.05). All
patients achieved solid fusion at final follow-up.

Complications

All patients tolerated the procedure well and no death was
happened during the period of follow-up. No patients
complained about dysphagia before operation. In Group
NoPlate, 5 patients complained of dysphagia (2 moderate
and 3 mild) on 2 weeks postoperatively, 3 patients had
dysphagia (1 moderate and 2 mild) 1 month postopera-
tively, and no patients had dysphagia 3 months after the
operation. In Group Plate, 12 patients complained of
dysphagia (2 severe, 6 moderate and 4 mild) on 2 weeks
postoperatively, 9 patients had dysphagia (4 moderate and
5 mild) 1 month postoperatively, 5 patients had dyphagia
(1 moderate and 4 mild) 3 months postoperatively, and 4
patients still suffered from mild dyphagia at the last
follow-up. There were significant differences in the pres-
ence of dysphagia between the two groups at all follow-up
time points (Table 4). There were no adjacent segment
degeneration observed in Group NoPlate and 19.0% (4/21)
of patients had adjacent segment degeneration in Group
Plate (3 patients developed adjacent-level ossification,
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Fig. 5 Line graphs showing a comparison of clinical and radiological
results between Group NoPlate and Group Plate. Change trend of
the Japanese Orthopaedic Association (JOA) score (a); Change trend
of the Neck Disability Index (NDI) score (b); Change trend of cervical
lordosis (c)

and 1 patient developed intermediate-level disc space
narrowing), and this difference was statistically significant
(P <0.05, Table 4).

Discussion

The treatment of two noncontiguous symptomatic levels of
CDDD poses a dilemma for spine surgeons. The surgical
procedures commonly include anterior cervical corpectomy
and fusion (ACCF), 3-level ACDF and 2-level noncon-
tiguous ACDF. Compared with ACDF, ACCF has more
bleeding, higher incidences of postoperative complications,
and less improvements of cervical lordosis. Three-level
ACDF sacrifices an additional motion segment, and has
been associated with increased rates of pseudarthrosis and
poorer clinical outcomes than shorter constructs [8, 9].
Finn et al. [18], in a cadaveric study, found that the
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Table 3 Clinical and radiologic data evaluated before surgery
and during follow-up

Group NoPlate Group Plate
P value® P value®

JOA scores

Preoperatvie 80+15 - 74+12 -

Postoperative 1 month 134 +£0.7  <0.001 135+ 1.1 0001

Postoperative 3 month 136+ 10 <0001 136+ 09 0002

Last follow-up 137+12 <0001 139+14 0001
NDI scores

Preoperatvie 36376 - 351+82 -

Postoperative 1 month 137 £53 <0001 135+6.1 <0.001

Postoperative 3 month  13.1+49  <0.001 134+£60 <0001

Last follow-up 125+40 <0001 139+68 <0.001
Cervical lordosis (°)

Preoperatvie 1.1 +£104 - 104+89 -

Postoperative T month 192 +90 <0001 183 +9.7 0.001

Postoperative 3 month  189+80 <0001 179+93 0002

Last follow-up 18786  0.001 177 £83 0.001

2P value is given for comparison between pre-operative and post-operative
values in Group NoPlate

bp value is given for comparison between pre-operative and post-operative
values in Group Plate

adjacent levels beared a remarkable increase in stress in
the three-level ACDF. However, in the two-level ACDF,
the adjacent segments (above, below and intermediate)
experienced modest stress relative to intact. Therefore,
2-level noncontiguous ACDF may be the optimal treatment
choice.

There is controversy over the use of anterior plate in a
single-level ACDF. However, it is beneficial to implant
anterior plates in a multilevel ACDF [19], for the fusion
rates were reported bo be unacceptably low after multi-
level ACDF without plating [8, 20]. To provide immediate
postoperative stability and increase the fusion rate, two
plates are often applied in 2-level noncontiguous ACDF.
However, the procedure of implanting plates at the op-
tional position is very time consuming. On the contrary,
the zero-profile anchored spacer, which has two integrated

Table 4 Complications after operations in the two groups

Group Group P value
NoPlate Plate
Dysphagia rate
Postoperative 2 weeks 5/23 12/21 0.029
Postoperative 1T month 3/23 9/21 0.042
Postoperative 3 months 0/23 5/21 0.019
Final follow-up 0/23 4/21 0.044
Adjacent segment degeneration 0/23 4/21 0.044
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self-locking and self-directing clips, is simple to implant.
In our study, we found the zero-profile anchored spacer
was significantly superior to the anterior plate in terms of
operative time.

Dysphagia is reported to be the most common postop-
erative complication after ACDF [21]. In most patients,
dysphagia disappears within 3 months. However, there
are 12.5-35.1% of cases still have dysphagia 3 months
after the operation [16]. In our study, the presence of
dysphagia in Group NoPlate is lower compared with that
in Group Plate at all follow-up time points, and the
duration of dysphagia is shorter. Although the mechanism
of dysphagia remains unknown, the irritation of the
esophagus by the anterior plate is considered to be a
possible cause [16, 22, 23]. At the early stage (2 weeks
postoperatively), it could also partly be attributed to
longer intraoperative esophagus retraction time and
greater retraction extent to fix the anterior plates. The
zero-profile anchored spacer can be completely contained
in the intervertebral space, avoiding the mechanical irrita-
tion of the soft tissue, especially the esophagus, resulting
in lower incidence of postoperative dysphagia.

It is reported that the presence of anterior plates in-
creased the incidence of adjacent segment degeneration
[24]. Park et al. [11] found that an anterior cervical plate
close to the adjacent intervertebral disc may cause adjacent
level disc degeneration or surrounding bone formation. In
our study, 4 patients in Group Plate developed adjacent
segment degeneration, which was significantly higher than
that in Group NoPlate. This may occur because the zero-
profile anchored spacer can be completely contained in
the intervertebral space, minimizing the irritation of
the adjacent cervical structures.

This study has several limitations. First, it was retro-
spective. Second, the number of patients was small. Third,
the follow-up period was relatively short. Finally, the final
follow-up time was not consistent, which caused variation
in adjacent segment degeneration. Thus, the results of this
study need to be confirmed by large sample, prospective,
randomized studies with long-term follow-up.

Conclusion

ROI-C and cages with plate fixation were both effective
in two-level noncontiguous ACDEF, and there were no
significant difference in clinical outcomes, fusion rate, and
cervical lordosis. However, ROI-C was associated with
shorter operative time, lower incidence of dysphagia and
adjacent segment degeneration.
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