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Clinical and radiological comparison G

of the zero-profile anchored cage
and traditional cage-plate fixation in single-level
anterior cervical discectomy and fusion
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Abstract

Background: The aim of this study was to compare the clinical outcomes and radiographic parameters of the
zero-profile anchored cage and traditional cage-plate fixation in single-level anterior cervical discectomy and fusion
(ACDF).

Methods: Between January 2016 and November 2018, a total of 68 patients with degenerative cervical spondylosis
who underwent single-level ACDF were evaluated in this retrospective study. Thirty-five patients were treated with
the zero-profile anchored cage (Zero-P group), and 33 patients were treated with the traditional cage-plate fixation
(Cage group). The two groups were compared in reference to clinical outcomes and radiographic parameters.

Results: The mean operation time in the Zero-P group was significantly shorter than that in the Cage group. The
incidence of postoperative dysphagia in the Cage group was higher than that in the Zero-P group at 3 months and
12 months postoperatively. No bony spurs were found in the Zero-P group, whereas 5 patients in the Cage group
developed bony spurs. There were no statistically significant differences between the two groups in the JOA scores,
VAS scores, NDI scores, C2-7 Cobb angles, segmental Cobb angles, total interbody height or fusion rates at 3 months
or 12 months postoperatively.

Conclusion: In this study, both the zero-profile anchored cage and traditional cage-plate fixation were demonstrated
to be effective and safe strategies. Given the lower incidence of dysphagia and degenerative changes, zero-profile
anchored cage is a good option.
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Background

Cervical spondylosis is a type of neurological disease
caused by the stimulation or compression of the adjacent
spinal cord due to degeneration of the cervical spine, and
common symptoms include neck and arm pain associ-

"Jun Zhang and Shanxi Wang have contributed equally to this work ated with radiculopathy or myelopathy [1, 2]. Based on
*Correspondence: liuchaoxutj@163.com; lifengmd@hust.edu.cn relevant clinical symptoms and evidence of root or spinal
' Department of Orthopedics, Tongji Hospital, Tongji Medical College, Cord‘ Corflpresswn‘ On_ r(?cer}t radiographic examlnathn?,
Huazhong University of Science and Technology, Jiefang Avenue 1095, surgical intervention is indicated as follows: (1) the clini-
Wuhan 430030, People’s Republic of China cal symptoms are severe and progress rapidly, seriously

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40001-022-00813-w&domain=pdf

Zhang et al. European Journal of Medical Research (2022) 27:189

affecting the normal life of the patient; and (2) conserva-
tive treatment is ineffective [3]. Since the 1950s, anterior
cervical discectomy and fusion (ACDF), as a standard
technique, has been widely used in patients with cervi-
cal spondylosis. Some studies have indicated that ACDF
with a cervical plate and cage results in a more satisfac-
tory fusion rate and lower failure rate [4] but a higher
incidence of plate-associated complications, such as
postoperative dysphagia [5-7].

To prevent these problems, zero-profile anchored cage
(Zero-P) has been recommended by some research-
ers. Compared with other technologies, Zero-P has the
advantage of providing immediate stability. Furthermore,
many reports have shown that it is a promising strategy
to reduce the occurrence of postoperative dysphagia [8—
10]. The purpose of this study was to compare the clinical
and radiological outcomes of patients receiving a zero-
profile anchored cage with those using a traditional cage-
plate fixation.

Materials and methods

Patients

After the approval of our institutional review board, a
total of 68 patients were enrolled in this study from Jan-
uary 2016 to November 2018. All patients were treated
with ACDE. The indications for surgical treatment in
each patient included failure of nonsurgical treatment
or progressive neurologic dysfunction combined with
instability or deformity of the cervical spine. Thirty-three
patients received the conventional cage-plate fixation
(Cage group), and 35 patients received the zero-profile
anchored cage (Zero-P group). There were no statisti-
cally significant differences between the two groups in

Table 1 Baseline characteristics of the study population
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terms of age, gender, surgical site, preoperative functional
scores or preoperative radiographic outcomes (Table 1).

Surgical technique

After general anaesthesia, the patient was placed in a
supine position with slight neck extension. After verifi-
cation of the affected cervical disc level by fluoroscopy,
a transverse incision was made on the right neck. Blunt
dissection and retraction were performed between the
trachea—oesophageal and carotid sheaths until the ante-
rior vertebral body was exposed. After installation of
the vertebral distractor, standard anterior discectomy
was performed, and the posterior longitudinal ligament
was opened for adequate decompression of the dura and
the nerve roots. The residual cartilage tissue was thor-
oughly scraped until osseous bleeding of the endplate.
According to the height and depth of the intervertebral
space, the appropriate size of implants was confirmed by
trial implants and fluoroscopy. For the Cage group, the
cage was implanted into the intervertebral space, and
an appropriate anterior cervical plate was fixed. For the
Zero-P group, the stand-alone zero-profile devices were
inserted. Finally, the incision was closed after placement
of a drainage tube.

Postoperative aftercare

Prophylactic intravenous antibiotics were administered
24 h after the operation, and drainage was maintained
for 24—-48 h and then removed. Patients were guided to
arise from bed with a neck brace on the first postopera-
tive day; at the same time, the patients were encouraged
to perform functional exercises of the neck, shoulders,

Cage group (n=33) Zero-P group (n=35) P value

Age (years) 478+11.0 496+9.1 0.583
Gender (male/female) 17/16 20/15 0.808
Surgical site 0.827

C3-4 4 2

C4-5 5

C5-6 24 26

C6-7 2 2
Preoperative JOA scores 12464161 12.07+234 0.830
Preoperative NDI scores 15.67 £5.29 16.46 645 0.584
Preoperative VAS scores 6.18+248 6.09+£2.55 0.875
Preoperative Cobb C () 852+3.16 9.40+233 0.204
Preoperative Cobb S (°) 3984149 3504148 0.191
Preoperative TIH (cm) 3.18£0.21 3.13£0.16 0.316

JOA Japanese Orthopaedic Association, NDI Neck Disability Index, VAS visual analogue scale, Cobb C cervical alignment, Cobb S segmental angle, TIH total interbody

height
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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 orrare  Frequent (majority of solids)

and back muscles. After discharge, a neck brace was used
for 6 weeks.

Clinical evaluations

The operation time and intraoperative blood loss were
recorded. All patients were evaluated with the visual
analogue scale (VAS) [11], Japanese Orthopaedic Asso-
ciation (JOA) scores [12], and Neck Disability Index
(NDI) score [13] preoperatively and at 3 and 12 months
postoperatively. Complications such as dysphagia, screw
looseness or detachment, and adjacent segment degener-
ation were also recorded. The presence of dysphagia was
assessed with the system designed by Bazaz [5] at 1 week,
3 months and 12 months postoperatively (Table 2).

Radiographic evaluations

All patients underwent preoperative CT and MRI exami-
nations. Anteroposterior and lateral X-rays of the neck in
the neutral position and flexion—extension position were
performed before the operation and at 1 week, 3 months
and 12 months postoperatively. Cervical alignment
(Cobb C) was calculated by the Cobb angle between the
lines perpendicular to the upper end plate of the C2 ver-
tebral body and the lower end plate of the C7 vertebral
body. The segmental angle (Cobb S) was measured by the
angle between a line perpendicular to the superior bor-
der of the upper affected vertebral body and the inferior
border the lower affected vertebral body (Fig. 1). Cobb
C and Cobb S were obtained preoperatively and at 3 and
12 months postoperatively to evaluate the aggravation of
kyphosis [14]. The criteria of bone fusion were defined as
follows: (a) less than 10° of motion on flexion/extension
films; (b) presence of trabecular bridging at the bone-
graft interface; (c) less than 50% radiolucency around the
cage [14].

The total interbody height (TIH) of the segmental level
was measured preoperatively and at 3 and 12 months
postoperatively to assess the subsidence of implants
[15]. The TIH was identified as the length from the mid-
point of the upper end plate of the vertebral body to the
lower end plate of the vertebral body on lateral X-ray
views (Fig. 1). Subsidence occurred when the TIH in the
final assessment decreased >2 mm from 1 week post-
operatively on lateral X-ray views. Additionally, we also
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Fig. 1 Lateral X-rays of the cervical vertebra. Cobb C: the Cobb angle
between the lines perpendicular to the upper end plate of the C2
vertebral body and the lower end plate of the C7 vertebral body.
Cobb S: the angle between a line perpendicular to the superior
border of the upper affected vertebral body and the inferior border of
the lower affected vertebral body. TIH: total interbody height

recorded the number of patients with bony spur forma-
tion, an indication of degenerative changes of the adja-
cent segment.

Statistical analysis

All data were analysed with Statistical Package for
the Social Sciences software (SPSS 24.0, IBM, New
York, NY, USA). Continuous data are expressed as the
mean £ standard deviation (SD), and categorical data
were tabulated with frequencies or percentages. Normal-
ity was tested using the Kolmogorov—Smirnov test. The
independent ¢-test or the Mann—Whitney test was used
to compare continuous data between two groups. The
Chi-square test or Fisher’s exact test was used to analyse
the categorical variables. A P value <0.05 was considered
statistically significant.

Results

Surgical outcomes

The mean operative time and blood loss in the two groups
are shown in Table 3. Although the mean operative time
and mean blood loss in the Zero-P group were lower than
Cage group, obvious differences were observed only for
operative time (P<0.05). After surgery, all patients had
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Table 3 Clinical outcomes
Cage group (n=33) Zero-P group (n=35) P value

Operation time (min) 102.034+336 85.11+£20.24 0.015
Blood loss (mL) 6794956 3084722 0.280
JOA

Postoperative 3 months 14554083 14.74£1.12 0415

Postoperative 12 months 15.614£0.97 15.97£0.86 0.103
NDI

Postoperative 3 months 7524378 7.77+5.88 0.832

Postoperative 12 months 4.64+3.81 4.034+4.20 0.535
VAS

Postoperative 3 months 227+£1.13 2.17£1.65 0.770

Postoperative 12 months 0.794+0.93 0.63+0.88 0469
Dysphagia

Postoperative 1 week 7 (21.2%) 5(14.3%) 0.534

Postoperative 3 months 5(15.2%) 0 (0%) 0.023

Postoperative 12 months 5(15.2%) 0 (0%) 0.023

JOA Japanese Orthopaedic Association, NDI Neck Disability Index, VAS visual analogue scale

primary incision healing, and no seroma or haematoma
formation was detected in either group.

Clinical outcomes

The postoperative JOA, VAS and NDI scores at 3 months
and 12 months postoperatively were higher than their
respective preoperative values in both groups. Between
the two groups, significant differences were not found
for JOA, NDI or VAS at 3 months and 12 months post-
operatively (P>0.05). At 1 week postoperatively, five
patients in the Zero-P group complained of mild dys-
phagia, and seven patients in the Cage group complained
of mild (n=6) or moderate (n=1) dysphagia (P>0.05).
At 3 months postoperatively, no patients in the Zero-
P group had dysphagia. In the Cage group, five patients
had mild dysphagia at 3 months postoperatively, and
these five patients still had mild dysphagia at 12 months
postoperatively. The occurrence of dysphagia was signifi-
cantly different between the two groups at 3 months and
12 months postoperatively (P<0.05) (Table 3).

Radiographic outcomes

Compared with the preoperative values, the Cobb C
and Cobb S values were improved for both groups at
3 months and 12 months postoperatively. In the Cage
group, the Cobb C was 13.91 £4.44° at 3 months postop-
eratively, which decreased to 11.404+3.19° at 12 months
postoperatively, while the Cobb C was 14.83+£4.35°
and 12.66£3.17° in the Zero-P group at 3 months and
12 months postoperatively, respectively. The Cobb
S of the Cage group increased from 6.68£2.65° at
3 months after the operation to 7.08 +2.36° at 12 months

postoperatively. In the Zero-P group, Cobb S increased
from 6.11+£2.27° at the 3-month postoperative assess-
ment to 7.19+£1.74° at 12 months postoperatively. No
significant difference was observed between the two
groups for either Cobb C or Cobb S at any time after sur-
gery. Regarding the extent of the TIH, the two groups had
a significant increase in the distance between the verte-
bral bodies at 3 months and 12 months after the opera-
tion. No significant differences were observed between
the two groups for the TIH at any time after surgery.
Based on observation of the TIH, subsidence occurred in
five patients in the Cage group and four patients in the
Zero-P group at 12 months postoperatively. The occur-
rence rate of subsidence in the two groups was not sig-
nificantly different (P> 0.05) (Table 4).

During the follow-up, we did not observe screw loose-
ness or screw detachment. Bone fusion was found in
97% and 100% of the Cage and Zero-P groups, respec-
tively. No significant difference was detected in the fusion
rate between the two groups (P>0.05). The numbers of
patients with bony spurs were five in the Cage group and
none in the Zero-P group. The occurrence rate of bony
spurs was significantly different between the two groups
(P<0.05) (Table 4). Series radiographs of typical cases are
shown in Fig. 2.

Discussion

ACDF is the standard surgical treatment for cervical
spondylosis when conservative treatment fails [16]. With
increasing experience, an increasing number of reports
have confirmed the effectiveness of additional plates in
the treatment of degenerative spinal diseases [4, 17, 18]. It



Zhang et al. European Journal of Medical Research (2022) 27:189 Page 5 of 7
Table 4 Radiographic outcomes
Cage group (n=33) Zero-P group (n=35) P value

Cobb C(°)

Postoperative 3 months 13.914+444 14834435 0.467

Postoperative 12 months 11.40£3.19 1266 +£3.17 0.122
Cobb S ()

Postoperative 3 months 6.68+2.65 6.11+£2.27 0.344

Postoperative 12 months 7.08+2.36 7194174 0.818
TIH (cm)

Postoperative 3 months 3.50+£0.30 344+£0.25 0.354

Postoperative 12 months 34240.15 336+0.23 0.271

Subsidence 5(15.2%) 4(11.4%) 0.730

Fusion (%) 32(97.0%) 35 (100%) 0.485
Bony spurs (%) 5(15.2%) 0 (0%) 0.023

Cobb C cervical alignment, Cobb S segmental angle, TIH total interbody height

NS
A B
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C

Fig.2 A and C Lateral X-ray image of the cervical spine at 3 months postoperatively. Band D Lateral X-ray images of the cervical spine at
12 months postoperatively. A new anterior bony spur has formed from the tip of the plate to the upper adjacent level, as shown in 2D

was demonstrated that plates resulted in a higher fusion
rate and immediate postoperative stability and decreased
the occurrence of pseudarthrosis [19, 20]. In addition, it
also prevented interbody cage dislocation and subsid-
ence, which might occur after multilevel procedures [21].
Although this treatment has been widely accepted, it also
has several drawbacks, one of which is dysphagia postop-
eratively [22-24].

Chronic dysphagia is one of the common complications
after ACDF. The reported incidence of this complication
has ranged from 3 to 21% [5, 9, 25, 26]. There are sev-
eral potential reasons for dysphagia, such as soft tissue
swelling, haematoma, oesophageal injury, and adhesion
formation around implanted cervical plates [27]. Adja-
cent segment degeneration is another complication of

plate implantation [28]. To solve these problems, a stand-
alone cage was supposed to be a good alternative and
was proven to bring satisfying outcomes [24, 29]. How-
ever, stand-alone cages increased the occurrence rate
of implant subsidence and caused secondary kyphotic
deformity, constituting a potential reason for adjacent
cervical segment disease in the long term [30]. Therefore,
cage screw devices that can provide immediate biome-
chanical stability, such as anterior cervical plates, have
been developed (e.g., Zero-P by DePuy Synthes).

The entirety of the zero-profile anchored cage consists
of a plate and screw system, eliminating the basic disad-
vantage of stand-alone cages, which is extension instabil-
ity [15, 24, 31]. It was reported that either the zero-profile
anchored cage or a traditional titanium plate with a cage
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has a satisfying effect on improving the symptoms of cer-
vical degeneration disease. However, less dysphagia has
been observed in the Zero-P group [10, 32]. Furthermore,
it can be inferred that the utilization of zero-P anchored
cage can reduce spondylopathy in adjacent segments,
and the underlying mechanism is that the zero-profile
anchored cage transmits less stress to adjacent segments.
Other studies have come to similar conclusions [9, 10]. In
this study, we also found that the incidence of dysphagia
was lower in the Zero-P group at 3 and 12 months after
the operation. In conclusion, we find that the zero-profile
anchored cage can reduce the incidence of dysphasia.

There was significant improvement in neurological
function and symptoms in both groups according to clin-
ical efficacy assessed by VAS, JOA and NDI. The symp-
toms of cervical spondylosis are due to stimulation or
compression of degenerative intervertebral discs. Degen-
erative intervertebral discs were removed thoroughly in
both groups. Therefore, both zero-profile anchored cage
and traditional cage-plate fixation can bring good clinical
results.

Adjacent segmental degeneration is confirmed when
there is height reduction, instability, or osteophyte for-
mation in the adjacent intervertebral space. Fusion of
surgical segments leads to increased stress in adjacent
segments [33, 34]. In addition, the application of the
anterior plate stimulates the adjacent segments, leading
to the formation and degeneration of bone spurs [35].
Based on the observation of lateral X-rays, there were no
patients in the Zero-P group, while 4 patients in the Cage
group developed bony spurs at 12 months postopera-
tively in this study. The difference was significant.

Several limitations existed in this study. One of the
major limitations was that it was a retrospective study. A
randomized, controlled study is needed to further inves-
tigate the efficacy of the zero-profile anchored cage and
traditional cage-plate fixation in single-level anterior cer-
vical discectomy and fusion. Second, the length of follow-
up in this study was relatively insufficient, and a longer
follow-up is required to compare the long-term effects
of the zero-profile anchored cage and traditional cage-
plate fixation in the treatment of cervical spondylosis.
Furthermore, since all of the patients in this study were
treated by one surgical team at a single centre, multicen-
tre research is needed to further verify our conclusions.

Conclusions

The results of this study showed good results for both zero-
profile anchored cage and traditional cage-plate fixation
for cervical degenerative disc disease in terms of improve-
ment in clinical outcomes and radiographic outcomes.
We concluded that either the zero-profile anchored cage
or traditional cage-plate fixation is effective treatment of
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single-level cervical spondylosis. However, the zero-profile
anchored cage might be associated with a lower incidence
of adjacent segment degeneration and dysphagia. In addi-
tion, the zero-profile anchored cage is associated with a
shorter operation time and relatively greater simplicity
than the traditional cage-plate fixation. Therefore, the zero-
profile anchored cage is a good substitute for traditional
cage-plate fixation.
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