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Abstract

Study design Retrospective case—control study.

Purpose To compare the safety and efficacy of the Zero-
profile (Zero-p) integrated plate and spacer device to that of
an anterior cervical plate and cage in patients undergoing
anterior cervical discectomy and fusion (ACDF).
Summary of background data Anterior cervical plating
system has provided good results, including higher fusion
rate and improved alignment since its use. However, ad-
jacent-level ossification development (ALOD) and dys-
phagia have been usually reported associating with plates.
Methods This was a retrospective control study. Sixty-
two patients with cervical radiculopathy or myelopathy
were treated with an anterior plate and cage or Zero-p
implant between January 2011 and December 2011. The
mean follow-up was 33.1 months in the plate and cage
group and 30.6 months in Zero-p group. Patient demo-
graphics, operative details and complications were re-
viewed. The clinical outcomes were evaluated using the
Japanese Orthopaedic Association (JOA) scores and JOA
recovery rate before and after operations. Incidence of
cephalad and caudal ALOD on the lateral radiographs was
studied at preoperation, immediate postoperation and last
follow-up. Incidence of dysphagia was also recorded after
operation according to Bazaz—Yoo dysphagia index.
Results  Thirty-two patients received an anterior plate and
cage and 30 received the Zero-p implant. There were no
statistical differences in patient demographics, operative
details between the two groups. The JOA scores
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significantly increased compared with preoperational
measurements in both groups (p < 0.05), but the JOA re-
covery rate was similar (72.2 % for plate and cage group
and 77.0 % for Zero-p group, p > 0.05). ALOD occurred in
12 (18.8 %) of the 64 cephalad and caudal adjacent seg-
ments in plate with cage group, and only 1 (1.6 %) of 63
adjacent levels (including three noncontiguous cases) pre-
sented with ALOD in Zero-p group. The difference was
significant (p < 0.01). The incidence of dysphagia in the
Zero-p group was lower compared with that in the plate
with cage group, and the symptom duration was much
shorter (p < 0.01). Both groups had no adverse events as-
sociated with the implant or implant surgery.

Conclusions The Zero-profile implant is safe and effica-
cious after ACDF. It can reduce the rate of adjacent-level
ossification development and dysphagia compared to an-
terior plate and cage.

Keywords Zero-profile - Adjacent-level ossification
development - Dysphagia - Anterior discectomy and
fusion - Cervical plate

Introduction

Anterior cervical discectomy and fusion (ACDF) with
plating and cage system has been the standard of care for
symptomatic cervical degenerative disc disease. As plates
and cages provide many advantages including higher fu-
sion rate, disc height, good cervical lordosis and improved
alignment, their use will continue [1-3]. However, plates
have been proved to associate with higher rates of adjacent-
level ossification development (ALOD) and dysphagia
[4-6]. In view of this, a new Zero-profile integrated plate
and spacer device (Zero-p, Synthes, Switzerland) was
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developed and approved for use in patients with degen-
erative cervical disc diseases by the US Food and Drug
Administration (FDA) in 2008. So far, many studies about
this new Zero-p implant demonstrated that it produced
good clinical and radiological outcomes that were com-
parable to those for nonintegrated plate-and-spacer con-
structs [7-10]. However, no report in the language of
English was found to clarify its effect on reducing ALOD.

In China, this new Zero-p implant was first implemented
in our department in 2011. So we conducted a retrospective
control study with a 2-3 years follow-up to prove it re-
ducing rate of ALOD and dysphagia.

Materials and methods
Patient population

Between January 2011 and December 2011, 62 patients
were selected to undergo ACDF. The inclusion criteria
were the following: age older than 20 years; prolapsed
cervical discs at levels from C3-C4 down to C6—C7; pre-
senting with a cervical radicular syndrome or neurological
deficit with or without neck pain; failing conservative
treatment for at least 6 weeks. Patients who had had dys-
phagia before surgery, and who had had preoperative an-
terior osteophytes cephalad or caudad to the level
subsequently treated with the anterior cervical plate were
excluded from the study. The plate was used when the last
digit of the admission number is odd number; otherwise,
the Zero-p was used. Thirty-two patients received an an-
terior plate and cage and 30 received the Zero-p implant.
There were 22 males and 10 females with a mean age of
42.8 years (range 30-65 years) in plate and cage group,
and 20 males and 10 females with a mean age of 44.1 years
(range 33-61 years) in Zero-p group. The mean duration of
postoperative  follow-up was  33.1 months (range
24-42 months) in plate and cage group and 30.6 months
(range 20—40 months) in Zero-p group. Fifteen patients
underwent the ACDF with plating system at one level; 10,
at two levels and 7, at three levels. Of Zero-p patients, 13
were at one level, 9 at two levels and 8 at three levels.

Zero-p integrated plate and spacer device

In 2008, the Zero-p integrated plate and spacer device
(Synthes GmbH Switzerland, Oberdorf, Switzerland),
based on an anterior stand-alone stabilization implant of
the lumbar spine, was approved by the United States FDA
to be an alternative to the traditional separate interbody
spacer and plate device for ACDF. It combines an inter-
body spacer with an anterior plate, which does not protrude
outside the intervertebral disc space as anterior cervical
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plates do. The polyetheretherketone (PEEK) interbody
spacer contains a radiopaque marker for visualization
during fluoroscopy and lacks carbon fibers, thereby re-
ducing the risk of systemic uptake. A small titanium plate,
which is preassembled with the interbody spacer, provides
an interface for anchorage. Four screws are placed within
the plate at a 2.5° medial or lateral angle and a 40° cranial
or caudal angle. In operation, the device should be placed
2 mm behind the anterior column in the lateral view and in
the center of the disc space in the antero-posterior view.

Radiological evaluation

The radiographs of the cervical spine before surgery, at
immediate postoperation and last follow-up were made
with the standard tube-to-film distance (1.8 m) for all pa-
tients. The ALOD severity on lateral films was classified
into four grades using the previously described grading
system: grade 0 (no ALOD formation), grade 1 (ALOD
extends across less than 50 % of the disc space), grade 2
(ALOD extends greater than or equal to 50 % of the disc
space), and grade 3 (complete bridging of the adjacent disc
space) [4] (Fig. 1). Each independent observer determined
the grade of ALOD twice on two separate occasions, and
the average of the four measurements was used as the final
grade. There were 64 adjacent levels in plate and cage
group, but 63 adjacent levels in Zero-p group because three
patients presented with noncontiguous cervical spondylo-
sis, which was C3/4 and C5/6 in two patients, and C4/5 and
C6/7 in one patient.

Clinical evaluation

The clinical outcomes were evaluated using the JOA scores
before and after surgery. A JOA recovery rate (RR) was
also calculated, which was defined according to the ra-
tionale of Hirabayashi [11] in that RR = (postoperative
JOA score — preoperative JOA score)/(17 — preoperative
JOA score) x 100. RR results were grouped as 75 % or
more (excellent), 50-74 % (good), 25—49 % (fair), and less
than 25 % (poor).

The presence of dysphagia was evaluated at postop-
erative follow-up 2 weeks and 3-24 months following the
procedure. Severity of dysphagia was graded as none (no
episodes of swallowing problems), mild (rare episodes of
dysphagia), moderate (occasional swallowing difficulty
with specific food), or severe (frequent difficult swallowing
with majority of food), according to Bazaz—Yoo [12].

Statistical analysis

Comparison of gender, operation level and ALOD be-
tween the two groups was used the Chi-square test.
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Fig. 1 Lateral radiographs of the cervical spine, made at the time of
final follow-up, showing the different grades of adjacent-level
ossification. a Grade 0, no adjacent-level ossification; b grade 1,
ossification extending across <50 % of the adjacent disc space

Comparison of mean age, duration of follow-up, blood
loss and operation time between the two groups, and JOA
scores before and after operation was used independent
sample ¢ test. The correlation coefficients for intraob-
server and interobserver variabilities of the technique for
grading the severity of ALOD was evaluated using
Spearman correlation test. All statistical analyses were
used SPSS statistical package (version 12.0; SPSS, Inc.,
Chicago, IL, USA). A p value of <0.05 was considered to
be significant.

Results
Demographics and operative details

Preoperative age, gender, surgical level in the two groups
were not different (p > 0.05). The mean operating times
(from incision to closure) for one-, two- and three-level
Zero-p procedures were 55, 89 and 122 min, respectively,
and it was 61, 90 and 130 min in plate and cage group,
respectively. No statistical difference was found although
the mean operating time is slightly longer in plate and cage
group than Zero-p group (p > 0.05). There was no sig-
nificant difference in the mean blood loss between the two
groups, with the mean blood loss was 150 ml (SD 46) in
Zero-p group and 155 ml (SD 52) in plate and cage group.
No patient received blood transfusion (Table 1).

Radiological findings

The correlation coefficients for intraobserver and interob-
server variabilities of the technique for grading the severity

(arrow); ¢ grade 2, ossification extending across >50 % of the
adjacent disc space (arrow); d grade 3, complete bridging of the
adjacent disc space (arrow)

of the ALOD were r = 0.97 (p <0.01) and r = 0.93
(p < 0.01), respectively.

Ossification developed in 12 (18.8 %, 9 in cephalad and
3 in caudal) of the 64 cephalad and caudal adjacent disc
spaces in plate and cage group (Fig. 2). Eight (66.7 %) of
the 12 ALOD was grade-1, 3 (25 %) was grade-2 and 1
(8.3 %) was grade-3. However, only 1 (1.6 %) of 63 ad-
jacent levels presented with ALOD (grade-2) in Zero-p
group (Fig. 3). The difference of ALOD between the two
groups was significantly different (p < 0.01).

Clinical outcomes

The postoperative JOA score at latest follow-up differed
significantly from their respective preoperative JOA score
in both groups (p < 0.05). The mean and standard deviation
RR was 722+ 181 % for Zero-p group and
77.0 £ 13.5 % for plate and cage group (p > 0.05). RR
was excellent in 7 patients, good in 20 patients, fair in 4
patients, and poor in one patient in plate and cage group;
whereas, in Zero-p group, RR was excellent in 6 patients,
good in 18 patients, and fair in 6 patients.

The incidence and the duration of postoperative dys-
phagia in the Zero-p and plate with cage groups are shown
in Fig. 4. To rule out the approach-related effect for ante-
rior exposition of 3 levels in cervical spine, we performed a
subgroup comparison and investigated the numbers of pa-
tients with postoperative dysphagia between the Zero-p and
plate with cage groups. The number of patients with
postoperative dysphagia increases with anterior exposition
levels but the Zero-p group still consistently outperforms
the plate with cage group at all postoperative time points
for each level of anterior exposition.
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Table 1 Demographics,

operative details, JOA Plate and cage group Zero-p group p value
evaluation and ALOD between Number 32 (51.6 %) 30 (48.4 %)
the two groups Mean age (years) 428 +6.1 441 +£58 >0.05
Gender
Males 22 (68.8 %) 20 (66.7 %) >0.05
Females 10 (31.2 %) 10 (33.3 %)
Duration of follow-up (months) 33.1 +£ 3.0 30.6 £ 24 >0.05
Operation level
1-level 15 (46.9 %) 13 (43.3 %) >0.05
2-level 10 (31.2 %) 9 (30 %)
3-level 7 (21.9%) 8 (26.7 %)
Operation time (min)
1-level 61 £+ 20 55 + 16 >0.05
2-level 90 + 31 89 + 29 >0.05
3-level 130 £ 36 122 £ 30 >0.05
Blood loss (ml) 155 £ 52 150 £ 46 >0.05
JOA score
Preoperation 98+t 14 9.6 £ 1.7 <0.05
Postoperation 15.0 £ 1.6 153 £12
JOA RR (%) 72.2 £ 18.1 77.0 £ 13.5 >0.05
ALOD 12 (64, 18.8 %) 1 (63, 1.6 %) <0.01

JOA Japanese Orthopaedic Association, RR recovery rate, ALOD adjacent-level ossification development

Fig. 2 Adjacent-level ossification development in plate and cage
group. a Lateral preoperative radiograph of the cervical spine
showing degeneration at C5-C6, but no ossification at adjacent

Discussion

Anterior cervical discectomy and fusion is the standard
surgical treatment for symptomatic cervical degenerative
disc disease after conservative medical management fails
[13]. Many surgeons prefer to add an anterior plate in
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levels of C4—-C5 and C6—C7; b immediate postoperative radiographs
showing ACDF with plate and cage at C5-C6; ¢ 3 years after
operation, ALOD (grade 1) could be seen at C4-C5 (arrow)

fusion procedures for enhancing stabilizing properties, as
several studies suggest this leads to increased fusion rates
and reduced failure rates, particularly in multilevel proce-
dures [14, 15]. However, the application of a plate may
lead to soft tissue damage, dysphagia and hardware failure
such as fracture, migration and so on, especially in
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Fig. 3 Adjacent-level ossification development in Zero-p group. a,
b Lateral radiograph of the cervical spine before and immediate after
surgery showing ACDF at C4-C5 and C5-C6, but no ossification at

Fig. 4 The incidence and
duration of dysphagia evaluated
by Bazaz—Yoo grading system
between Zero-p and plate with
cage groups

Percentage(%o)

adjacent levels of C3-C4 and C6-C7; c ossification of grade 2
developed at C6-C7 (arrow) 3 years after operation

Dysphagia between Zero-p group and plate with cage group

12months 24months
—8—Mild with Zero-P —a— Moderate with Zero-P —&— Severe with Zero-P
—&— Mild with Plate and Cage —— Moderate with Plate and Cage" —e— Severe with Plate and Cage

multilevel procedures [16]. Therefore, stand-alone cages
were introduced to be an alternative choice for anterior
cervical fusion and it was proved to give good results, but
stand-alone cages had a relatively high incidence of im-
plant subsidence with secondary kyphotic deformity that
may lead to adjacent cervical segment disease in the long
term [17]. Otherwise, biomechanical studies have sug-
gested that cervical cages should be supplemented with
additional external or internal supports to prevent excessive
movement in flexion—extension [18]. So, the Synthes
Company has come up with an all-in-one solution—a Zero-
profile integrated plate and spacer device. The Zero-p has
produced as good a rate of fusion and biomechanical sta-
bility as does a plate-and-cage construct, and both

procedures corrected cervical kyphosis and improved cer-
vical alignment since its use [7-10]. We asked whether this
Zero-p implant would be associated with a low rate of
ALOD and dysphagia.

ALOD is thought to be a type of heterotopic ossification,
rather than a secondary degeneration developing at the
adjacent segment discs. This is because several studies
have shown that the ossification occurs in soft tissues that
do not form bone under normal conditions. More impor-
tantly, this bone matures within the first 2 years after sur-
gery, in contrast to adjacent segment degeneration, in
which osteophytic bone and disc degeneration gradually
increase over time [19, 20]. In our study, we also distin-
guish ALOD from adjacent segment degeneration (ASD).
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One reason is that we find many patients having no signs of
ASD, such as intervertebral disc narrowing, vertebral slip,
and signal intensity changes on MRI, even if there is ob-
vious and severe ALOD. Otherwise, we find that the base
of ALOD is situated anterior to the vertebral body, cov-
ering about half of it. However, the osteophytes seen in
ASD are located antero-inferiorly in the vertebral body,
covering no more than one-third of it. We therefore believe
that the pathological mechanism of ALOD differs from that
of osteophytic growth in ASD, but this will require further
study.

Park et al. [4] demonstrated that the ossification oc-
curred at a significantly higher rate and was more severe in
patients with plates within 5 mm of an adjacent disc space.
Lee et al. [21] thought that techniques using a short plate
with an oblique screw trajectory resulted in significantly
reduced incidence and severity of ALOD. Many studies
suggested that the closer the plate was to the adjacent disc
space, the higher and greater the ossification. The
mechanism may be related to irritation of the anterior
aspect of the adjacent level by a cervical plate and stripping
of anterior longitudinal ligament [22]. In clinical, we now
attempt to place anterior cervical plates >5 mm from ad-
jacent disc spaces in order to reduce ALOD in those pa-
tients using cage and plate. On the basis of these results, a
Zero-p integrated plate and spacer device was designed to
reduce the incidence of ALOD. In our study, the incidence
of ALOD in patients with Zero-p implant was only 1.6 %,
significantly lower than that in patients with plate and cage
(18.8 %). This may because that the plate of Zero-p does
not protrude outside the intervertebral disc space, which
can minimize the irritation of the adjacent cervical
structures.

Dysphagia is another well-known postoperative com-
plication related to anterior cervical plate. The incidence of
dysphagia after anterior cervical fusion with plating is re-
ported to vary between <1 and 62 % [7, 23]. The possible
causes include postoperative soft tissue edema, esophageal
injury, postoperative hematoma, and adhesive formations
around implanted cervical plates, and many preventative
measures have been put forward [24]. According to Lee
et al. [25], a thinner anterior cervical plate could sig-
nificantly reduce the rate of dysphagia compared to a thick
one. Although the profile of current anterior plates is
thinner than that of earlier designs, the plates are still
somewhat bulky and may contribute to postprocedure
dysphagia. In order to reducing dysphagia, the design of
Zero-p device has no profile and the whole device can be
inserted into the intervertebral space to avoid stimulating
the esophagus directly and mitigating the adhesions of the
esophagus. According to our study, the incidence and
severity of dysphagia in the Zero-p group is lower com-
pared with that in the cage with plate group in all the
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follow-up time point and the duration of dysphagia is much
shorter, which is consistent with the aim of Zero-p and
previous study [10].

The Zero-p implant is relatively simple to insert and the
mean operating time and blood loss are relatively lower;
however, it does have some disadvantages. For example,
the lower screws of C3/4 and the upper screws of the C6/7
implant are hard to introduce at an optimal angle, espe-
cially in patients with a short neck or high sternum.

Conclusions

The Zero-profile implant is safe and efficacious for ACDF.
It can reduce rate of adjacent-level ossification develop-
ment and dysphagia compared to anterior plate and cage.
However, some deficits existed in our article. First, as with
most one-center studies, the number of patients included in
our study was insufficient. Second, the span of the follow-
up was relatively short. A multi-center, large sample and
long-term follow-up study is needed to promote the re-
liability of the current research.
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