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Abstract: This study aims to analyze collected clinical and radiological data in patients who underwent single-
or multilevel anterior cervical discectomy and fusion using newly designed zero-profile interbody spacer. Fifty-six
patients with cervical spondylosis undergoing anterior cervical discectomy and fusion used new implant (Zero-p
plate). Ultimately, 51 patients applied this experimental study and accomplished follow-up. Japanese Orthopaedic
Association score (JOA) and visual analogue scale score (VAS) were recorded. Postoperative dysphagia was as-
sessed using the Bazaz-Yoody sphagia index. Imaging included X-rays and CT, were taken to evaluate prosthesis
sank, lordotic curvature of cervical spine at level of operation and alignment of whole cervical spine. In addition,
fusion state and time were measured. All 51 patients who were followed-up unabridged time levels had significant
amelioration in JOA and VAS score at 6 months compared with pre-operation (P<0.05). Three patients at 1 month
and 1 patient at 6 months complained about mild dysphagia-related symptoms (7.8%). A 96.1% and 94.1% fusion
rate respectively can be demonstrated by X-rays and CT at last follow-up visit. Lordotic curvature of cervical spine at
the level of operation have markedly increase in the immediately after operation and the first month. Alignment of
whole cervical spine in the post-operative days increased to a maximum in follow-up periods at 3 month. Zero-profile
Implant not arise significant subsiding at last following-up visits (P>0.05). And that no device-related complications
occurred and no vertebrae cervicales. In conclusion, the New Zero-profile Implant allows decompress and fuse with
safely and efficiently, even in multi-level cases.
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Introduction phagia and adjacent level degeneration. In
the early postoperative period, 2% to 67% of
the patients may complain of dysphagia [11].
Which disappeared within 3 months, with most
patients, but not all, recovering completely [12,
13]. At the same time, pseudarthrosis are
among the most worrying complications [14,
15]. Further, Park et al. [16] reported a high-
er incidence of adjacent-level degenerations
when fusion segments were fixed using a tita-

Anterior cervical discectomy and fusion had
first been reported by Bailey and Badgley [1],
Smith and Robinson [2], and Cloward [3] in
1950s and 1960s. Although there were tiny dif-
ference among each methods [4, 5], all the
methods reported had severe complications
such as the graft dislodgement, pseudarthrosis
and kyphotic deformity. In order to resolve the
complications due to the implants, reinforced

plate had been widely used [6, 7].

The use of plating systems enhanced fusion
rates, improved initial stability, reduced need
for re-operation, decreased complications from
graft migration, and decreased hospital stays
[8-10]. Nevertheless, other complications may
be occurred, including throat discomfort, dys-

nium plate. Yang et al. [17] demonstrating a
lower rates of adjacent-level degeneration per-
forming ACDF without plates. Based on these
results, Low-profile angle-stable spacer Zero-P
(Synthes, Switzerland) was approved by the
United States Food and Drug Administration in
2008 and has been gradually clinically applied
(Figure 1). The zero-p device can be implanted
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Figure 1. CT scanning of Zero-P implant.

Table 1. Baseline characteristics of the sub-

jects

Characteristics Zero-P

Mean age (yr.) 54.1+11.16

No. patient (M/F) 51
Cervical spondylotic myelopathy 31
Cervical spondylotic radiculopathy 14
Mixed cervical spondylotic 6

Course of disease (mon.) 25 (1, 140)

Follow-up (mon.) 18 (12, 43)

into the intervertebral space. This provides
adequate stability and avoids the implant vio-
late the front soft tissue [18]. One biomechani-
cal study showed similar stability making the
zero-p plate comparison to cage and cervi-
cal plate constructs [19]. The zero-p plate can
be prevented dysphagia to achieve a balance
between Low-profile angle-stable spacer Zero-
P and the necessity of a thick plate by provid-
ing secure constrained screw fixation [19].

Materials and methods
Patients

From July 2009 to February 2013, 56 patients
underwent cervical spondylosis was treated
in our hospital. At the end of following periods,
51 of the patients were assigned to undergo-
ing anterior cervical discectomy and fusion
using the new implant. There were 31 of the
patients who were diagnosed as cervical spon-
dylotic myelopathy (CSM), 14 of them were cer-

2238

Figure 2. Technique of Cobb’s Angle and relative
height of segment measurement.

vical spondylotic radiculopathy, and the other
6 patients were classified to mixed cervical
spondylotic. There were 28 males and 23
females in this study, which were average
54.1+11.16 years old (range of 44-75 years
old). The course of disease were 1 to 140
months (average 25 months), with 12 to 43
months’ follow-up (Table 1). All the patients
had been definitely diagnosed after detailed
history taking and physical examination as well
as necessary accessory examination.

The exclusion criteria were summarized as fol-
lows: (1) previous posterior cervical surgery; (2)
bone fusion in adjacent level of the cervical
spine; (3) suit for the artificial cervical disc
replacement and were prepared for the sur-
gery; (4) severe osteoporosis; (5) severe rheu-
matoid arthritis; (6) active or suspected infec-
tion; (7) known malignancy.

Measurement method

In order to make sure the location, character,
the grade of spinal cord injury and the level of
surgery, all the patients received the X-ray of
antero-posterior and lateral film and lordotic
kyphotic position film and CT, MRI examina-
tions before the surgery. Japanese Orthopaedic
Association score (JOA) and visual analogue
scale score (VAS) and postoperative dysphagia

Int J Clin Exp Med 2016;9(2):2237-2244



Zero-profile Implant application in cervical spondylosis patient

addition were records pre-operation, immedi-
ately after surgery and 1, 6, 12 month and the
last follow up.

To fusion state and time were measured at 6,
12 month and last following time, Sinking pros-
thesis were measured at 3, 6, 12 month and
last follow time. Local cervical angle (C2-C7)
was measured before, immediately after sur-
gery and the last follow up.

Solid fusion was defined as the presence of
all of the following radiographic features: an
absence of lucency or halo formation around
the screws or cage-bone interfaces, a lack of
translation and <5° of motion in the flexion-
extension radiographs, and osseous continuity
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Figure 3. Surgical technique and meth-
od of Zero-profile implant. A. Trial spac-
ers in the Operation. B. Implantation of
Zero-P (lateral view). C. Implantation of
Zero-P (AP view).

through and/or around the cages on the follow-
up sagittal reconstruction CT scan [20]. The
degree of cervical curvature was measured by
the Cobb method. Sink: at postoperative 3, 6,
12 month and at the time of the last follow-up.
With respect to a standardized measurement
of the segment Height. This was calculated as
a ratio of the upper endplate size to the seg-
ment height measured in parallel to the anteri-
or spine (B/A) (Figure 2) [21].

Surgical technique

All patients had implantation of a zero-plate
by anterior approach operation with completely
decompression. The patients were instructed
to walk a day after the operation and got out of
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Table 2. Outcomes on JOA, VAS in the follow-

up

Time JOA VAS
Pre-operation 9.35(1.21) 7.05 (1.21)
6 Mon 15.13 (1.08) 1.21(0.83)
12 Mon 15.21 (1.12) 1.17 (0.76)
24 Mon 15.19 (1.21) 1.11 (0.73)

the hospital 5 to 7 days, they need to wear a
hard collar for 3 months with appropriate physi-
cal exercise. After anterior decompression, trial
spacers were used to determine which implant
shape would be used (Figure 3A). After choos-
ing the trial spacer correctly, a corresponding
Zero-P implant filled with B-tricalcium phos-
phate (Synthes GmbH, Oberdorf, Switzerland)
was inserted with an implant holder/aiming
device. Correct position of the cage was con-
firmed by using a C-arm in lateral and AP views.
The device should be placed 2 mm behind the
anterior vertebral border in the lateral view
(Figure 3B) and in the center of the interverte-
bral space in the AP view (Figure 3C). After
drilling the hole by the aiming device, the first
locking screw was inserted. The other three
holes were drilled by the same way. After the
aiming device was removed, the three remain-
ing screws were inserted. When the Zero-P
implant is completely inserted, its zero-profile
characteristic can be seen [18, 22].

Statistical analysis

The mean and standard deviation (SD) were
determined for quantitative data such as
degree of cervical alignment and the JOA, VAS
score and sank, between preoperative and
postoperative time points and during further
follow-up using the t test for paired samples
if a normality test was passed or a Wilcoxon
signed-rank test if a normality test was failed
and P values < 0.05 were considered statisti-
cally significant. All the statistical analysis was
performed with SPSS19.0.

Results

Overall, the average time of operation was 115
minutes, the average amount bleeding was
about 82.8 ml (60 mI-100 ml). Until the last
follow-up, there were no patients who experi-
enced neurological deterioration, deep infec-
tion or cardiopulmonary insufficiency. There
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were no surgery-related complications such
as screw fracture, screw loosening happened
after surgery or during the period of follow-up.
All the 51 patients showed an improvement in
their clinical symptoms and 49 patients solid
bony fusion without pseudo-articulation forma-
tion at 1 year.

Clinical outcome

All 51 patients who were followed-up unabri-
dged time levels had significant amelioration in
JOA and VAS score at 6 months compared with
pre-operation (P<0.05). However, in apparent
change during further following-up (P>0.05)
(Table 2), 4 patients at 1 month and 1 patient
at 6 months complained about mild dysphagia-
related symptoms (7.8%). In the follow-up, we
observed no implant displacement and verte-
bral instability.

Radiological outcome of solid fusion situation

There were 39 (76.5%) of the 51 patients who
achieved solid fusion 6 months after surgery,
and 49 (96.1%) of the patients achieved solid
fusion 1 year after surgery. Healing one X-ray
observation, CT prompts suspicious. At the end
of the 3 cases of incomplete healing of patients
were follow-up for 1 year.

Measurement of regional cervical angle and
sank

Radiologic evaluations revealed the mean local
cervical angles to be -9.81 (+3.54) degrees
(@ negative value corresponds to a lordotic
angle and a positive value indicates the pres-
ence of kyphosis) comparing to -13.84 (+4.41)
after the operation. There were significant dif-
ference before and after operation (P<0.05).
The local cervical angle in final follow-up de-
clined comparing to postoperative local cervi-
cal angles but improved comparing to pre-
operation (Figure 4A). Zero-profile Implant not
arise significant subsiding at last following-up
visits (P>0.05). But when assessing the whole
patient group, the time effect was significant
(P<0.05). Mean increase in the height of the
treated segments was 3.9% in the first postop-
erative visit. This value then decreased gradu-
ally with time reaching 95% of preoperative
state by the 12-month follow-up visit. Reaching
93% of preoperative state by the last following-
up visit (Figure 4B).
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Figure 4. Development of radiological parameter Cobb’s angle and radio of
the upper endplate size to the segment height. A. Development of radiological
parameter Cobb’s Cobb’s angle during follow-up. B. Development of radiologi-
cal parameter radio of upper endplate size to the segment height. “P<0.05
represents the value in the post-operation group compared to the pre-opera-

tion group.

Discussion

Anterior cervical discectomy and fusion (ACDF)
surgery is a common and successful method
for treating degenerative. In last 30s years,
more and more cervical plate applied to clini-
cal. After anterior cervical bone graft fusion,
attach a piece of steel plate, it can effectively
prevent graft shift or out, and increase the
safety of postoperative, simultaneously main-
tain cervical physiological curvature, promote
bone graft fusion [23]. However, along with the
increase in applications, complications of steel
plate are more and more cause the attention
of scholars. Static plate provide strong fixed,
at the same time, the stress shelter phenome-
non exists, have adverse effect on bone graft
fusion [24, 25]. To solve this problem, a new
dynamic steel plate arises at the historic
moment. It can provide angular variational the
screw or overall settlement of plate. The dy-
namic plate achieves the effect of dynamic
pressure, and reduces stress blocking effect to
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Because of above reasons,
some scholars advocate to
use single gap cage, avoid
related complications of pla-
te [29, 30]. However, using
alone cage fusion, there are
a series of complications.
For example: loss of cervical
lordosis, cage sinking problem [31, 32]. As is
known to all, it is important for normal cervical
spine function and movement to maintain post-
operative cervical physiological curvature. Cer-
vical sagittal curvature loss may cause the
occurrence of axial symptoms, neuropathic
pain, which is lead to an adverse effect on
postoperative function recovery. Cage sinking
produce to the missing of disc height, thus
causing cervical sagittal curvature changed.
This phenomenon is mainly due to the single
gap Cage fixation, and lack of strong and reli-
able screw. Postoperative micromotions bet-
ween the endplate and the cage, eventually
lead to cage sinking, pseudarthrosis format-
ion.

Zero-P plate design concept is to avoid the
above phenomenon, it connects the vertebral
body by four screws. It includes the cage, fixed
titanium alloy plate, intervertebral screw struc-
ture of three parts. Titanium alloy plate fixed
with inter vertebral fusion, its unique groove
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structure make the stress of fixed plate sepa-
rated from cage, and avoided sinking. Because
of without complementary with steel plate in
intra operative, vertebral soft tissue distur-
bance is small, which can reduce the number
of adjacent segment degeneration. Zero-P the
design of the stator and the anatomic shape
characteristics of fusion can make the cervi-
cal vertebra to achieve immediate stability,
allowing patients with early postoperative acti-
vities. Some scholars have reported the fine
properties of the Zero-P in biomechanics and
clinical research [19, 21, 31, 33]. Our research
shows that patients with postoperative JOA
score and VAS scores significantly improved.
Lordotic curvatures of the cervical spine at
the level of operation have markedly increased
in the immediately after operation and the
first month. Nevertheless, these values decre-
ased gradually again in later periods, still high-
er than the pre-operation. The alignment of the
whole cervical spine in the post-operative days
increased to a maximum in the follow-up peri-
ods at 3 month, and these values decreased
again mildly in further follow-up visits, however,
increased than that before operation. Zero-
profile Implant not arise significant subsiding at
last following-up visits (P>0.05).

ACDF, as the gold standard for treatment of cer-
vical spondylosis, bone graft fusion is the ulti-
mate goal of it. Only stable bony fusion can
avoid the happening of protrusion deformity
after, and obtain good therapeutic effect. Some
literature reports, the use of steel plate fusion
rate is higher than that of without. Recent
reports in the literature of the Zero-P, patients
who used Zero-P plate obtained satisfactory
fusion rates (91.3%, 100%) [34-36]. In our re-
search, there were 39 (76.5%) of the 51 pati-
ents who achieved solid fusion 6 months after
surgery, 49 (96.1%) of the patients achieved
solid fusion 1 year after surgery.

Dysphagia is commonly phenomenon by pati-
ents after ACDF and often ascribed to soft-tis-
sue swelling related to the surgery. Lee et al.
[13] found that there was an association bet-
ween dysphagia and plate thickness. When
thinner plates were used, dysphagia incidence
was decreased [13]. Some scholars have re-
ported that the relation of postoperative pre-
vertebral soft tissue swelling and dysphagia.
They think the soft tissue swelling increased
the risk of dysphagia. A certain thickness of the
plates can stimulate prevertebral soft tissue,
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or direct damage to the esophagus, causing
corresponding symptoms [37, 38]. However,
Kepler’'s research has found that the width of
soft tissue in front of the cervical spine does
not correlate with postoperative dysphagia
[39].

Compared with a slightly thick and less smooth
plate, the placement of a thinner and smoother
plate may reduce the occurrence of dysphagia
by a lower profile and milder scar formation.
The Zero-P implant is remarkable on account of
less influence to the anterior soft tissue, and
especially to the esophagus. This might avoid
any mechanical irritation of the esophagus and
may be the possible reason of low dysphagia
rate in patients. In our research, 3 patients at 1
month and 1 patient at 6 months complained
about mild dysphagia-related symptoms (7.8%).
The incidence of dysphagia in our study is simi-
lar to the study of Scholz [18]. They used Zero-P
plate in 38 patients with a very low incidence of
dysphagia after the following periods and is
much lesser than the incidence reported by
other scholars [40, 41].

In conclusion, our research has proved that the
zero-P device in ACDF surgery has a good thera-
peutic effect. Clinical effect is satisfied, and the
low incidence of dysphagia was occurred. No
implant-related complications were observed.
Due to the short follow-up period, adjacent seg-
ment degeneration not can be seen during fol-
low-up periods. However, the major deficits of
this study is that the nature of this analysis was
retrospective and don’t have control group for
comparison, which may be associated with
biases, the number of evaluated patients is
small at the same time. Nonetheless, this re-
search confirms the safety and efficacy of the
Zero-P device in patients who treated at single
and multiple levels and with a median follow-
up. In future, a multi-center prospective ran-
domized controlled trial with more patients and
longer following-up are necessary to test and
verify these observations.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Zhou Xiang, De-
partment of Orthopaedic, Spine Center, West China
Hospital, Sichuan University, Guoxue Lane 37,
Chengdu 610041, China. E-mail: liuhao6304@yeah.
net

Int J Clin Exp Med 2016;9(2):2237-2244


mailto:liuhao6304@yeah.net
mailto:liuhao6304@yeah.net

Zero-profile Implant application in cervical spondylosis patient

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

(14]

2243

Bailey RW, Badgley CE. Stabilization of the cer-
vical spine by anterior fusion. J Bone Joint Surg
1960; 42A: 565-624.

Smith GW, Robinson RA. The treatment of cer-
tain cervical-spine disorders by anterior remov-
al of the intervertebral disc and interbody fu-
sion. J Bone Joint Surg 1958; 40A: 607-624.
Cloward RB. The anterior approach for removal
of ruptured cervical disks. J Neurosurg 1958;
15: 602-617.

Kuang J, Sun'Y, Wang W, Ke H, Ye H. Myocardial
apoptosis and injury of donor heart kept in
completely beating status with normothermic
blood perfusion for transplants. Int J Clin Exp
Med 2015; 8: 5767-5773.

Geisler FH, Caspar W, Pitzen T, Johnson TA.
Reoperation in patients after anterior cervical
plate stabilization in degenerative disease.
Spine 1998; 23: 911-920.

Bohler J, Gaudernak T. Anterior plate stabiliza-
tion for fracture-dislocations of the lower cervi-
cal spine. J Trauma 1980; 20: 203-205.
Orozco C, Llovet Tapies J. Osteosintesis enlas
lesiones traumaticas y degenerativas de la
columna cervical. Revista Traumatol Cirug
Rehabil 1971; 1: 45-72.

Mobbs RJ, Rao P, Chandran NK. Anterior cervi-
cal discectomy and fusion: analysis of surgi-
cal outcome with and without plating. J Clin
Neurosci 2007; 14: 639-642.

Samartzis D, Shen FH, Lyon C, Phillips M, Gold-
berg EJ, An HS. Does rigid instrumentation in-
crease the fusion rate in one-level anterior cer-
vical discectomy and fusion? Spine J 2004; 4:
636-643.

Stulik J, Pitzen TR, Chrobok J, Ruffing S, Drumm
J, Sova L, Kucera R, Vyskocil T, Steudel W.
Fusion and failure following anterior cervical
plating with dynamic or rigid plates: 6-months
results of a multi-centric, prospective, random-
ized, controlled study. Eur Spine J 2007; 16:
1689-1694.

Tortolani PJ, Cunningham BW, Vigna F, Hu N,
Zorn CM, McAfee PC. A comparison of retrac-
tion pressure during anteriorcervical plate sur-
gery and cervical disc replacement: a cadaver-
icstudy. J Spinal Disord Tech 2006; 19: 312-
317.

Bazaz R, Lee MJ, Yoo JU. Incidence of dyspha-
gia after anterior cervical spine surgery: a pro-
spective study. Spine 2007; 27: 2453-2458.
Lee MJ, Bazaz R, Furey CG, Yoo J. Influence of
anterior cervical plate design on dysphagia: a
2-year prospective longitudinal follow-up study.
J Spinal Disord Tech 2005; 18: 406-409.

Oh JK, Kim TY, Lee HS, You NK, Choi GH, Yi S,
Ha Y, Kim KN, Yoon DH, Shin HC. Stand-alone
cervical cages versus anterior cervical plate in

(15]

(16]

(17]

(18]

(19]

[20]

[22]

(23]

(24]

[25]

2-level cervical anterior interbody fusion pa-
tients: clinical outcomes and radiologic chang-
es. J Spinal Disord Tech 2013; 26: 415-420.
Schmieder K, Wolzik-Grossmann M, Pechli-
vanis |, Engelhardt M, Scholz M, Harders A.
Subsidence of the wing titanium cage after
anterior cervical interbody fusion: 2-year fol-
low-up study. J Neurosurg Spine 2006; 4: 447-
453.

Park JB, Cho YS, Riew KD. Development of
adjacent-level ossification in patients with an
anterior cervical plate. J Bone Joint Surg Am
2005; 87: 558-563.

Yang JY, Song HS, Lee M, Bohiman HH, Riew
KD. Adjacentlevel ossification development af-
ter anterior cervical fusion without plate fixa-
tion. Spine 2009; 34: 30-33.

Scholz M, Schnake KJ, Pingel A, Hoffmann
R, Kandziora F. A new zero-profile implantfor
stand-alone anterior cervical interbody fusion.
Clin Orthop Relat Res 2011; 469: 666-673.
Scholz M, Reyes PM, Schleicher P, Sawa AG,
Baek S, Kandziora F, Marciano FF, Crawford
NR. A new stand-alone cervical anterior inter-
body fusion device: biomechanical compari-
son with established anterior cervical fixation
devices. Spine 2009; 34: 156-160.

Chang SW, Kakarla UK, Maughan PH, DeSan-
to J, Fox D, Theodore N, Dickman CA, Papado-
poulos S, Sonntag VK. Four-level anterior cervi-
cal discectomyand fusion with plate fixation:
radiographic and clinical results. Neurosurgery
2010; 66: 639-646.

Vanek P, Bradac O, Delacy P, Lacman J, Benes
V. Anterior interbody fusion of the cervical
spine with Zero P spacer: prospective compar-
ative studyclinical andradiological results at
minimum 2 years after surgery. Spine 2013; 1:
E792-797.

Miao J, Shen Y, Kuang Y, Yang L, Wang X, Chen
Y, Chen D. Early follow-up outcomes of new
Zero-profile implant used in anterior cervical
discectomy and fusion. J Spinal Disord Tech
2013; 26: E193-197.

Song KJ, Taghavi CE, Lee KB, Song JH, Eun JP.
The efficacy of plate construct augmentation
versus cage alone in anterior cervical fusion.
Spine 2009; 34: 2886-2892.

Suchomel P, Barsa P, Buchvald P, Svobodnik
A, Vanickova E. Autologous versus allogenic
bone grafts in instrumented anterior discecto-
my and fusion: a prospective study with respe-
kt to bone union patern. Eur Spine J 2004; 13:
510-515.

McAfee PC, Capuccino A, Cunningham BW,
Devine JG, Phillips FM, Regan JJ, Albert TJ,
Ahrens JE. Lower incidence ofdysphagia with
cervical arthroplasty compared with ACDF in a
prospectiverandomized clinical trial. J Spinal
Disord Tech 2010; 23: 1-7.

Int J Clin Exp Med 2016;9(2):2237-2244



[26]

[27]

(28]

[29]

[30]

(31]

(32]

[33]

Zero-profile Implant application in cervical spondylosis patient

Nunley PD, Jawahar A, Kerr EJ, Cavanaugh DA,
Howard C, Brandao SM. Choice of plate may
affect outcomes for single versus multilevel
ACDF: results of a prospectiverandomized sin-
gle-blind trial. Spine J 2009; 9: 121-127.
Daniels AH, Riew KD, Yoo JU, Ching A, Birchard
KR, Kranenburg AJ, Hart RA. Adverse events
associated withanterior cervical spine surgery.
J Am Acad Orthop Surg 2008; 16: 729-738.
Riley LH, Skolasky MA, Albert TA. Dysphagia
after anterior cervicaldecompression and fu-
sion: prevalence and risk factors from alongitu-
dinal cohort study. Spine 2005; 30: 2564-
2569.

lampreechakul P, Srisawat C, Tirakotai W.
Stand-alone cervical polyetheretherketone
(PEEK) cage (cervios) for single to two-level de-
generative disc disease. J Med Assoc Thai
2011; 94: 185-192.

Kolstad F, Nygaard OP, Andresen H, Leivseth G.
Anterior cervical arthrodesis using a “stand
alone” cylindrical titanium cage: prospective
analysis of radiographic parameters. Spine
2010; 35: 1545-1550.

Labronici PJ, Albuquerque RP, Schott V, Pires
RE, Belangero WD, Franco JS. Proximal humer-
al fractures: an understanding of the ideal
plate positioning. Int Orthop 2014; 38: 1291-
2195.

Schmieder K, Wolzik-Grossmann M, Pechli-
vanis |, Engelhardt M, Scholz M, Harders A.
Subsidence of the wing titanium cage after an-
terior cervical interbody fusion: 2-year follow-
up study. J Neurosurg Spine 2006; 4: 447-
453.

Paik H, Kang DG, Lehman RA, Cardoso MJ,
Gaume RE, Ambati DV, Dmitriev AE. Do stand-
alone interbody spacers with integrated screws
provide adequate segmental stability for multi-
level cervical arthrodesis? Spine J 2014; 14:
1740-1747.

2244

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Yang L, Gu Y, Liang L, Gao R, Shi S, Shi J,
Yuan W. Stand-alone anchored spacer versus
anterior plate for multilevel anterior cervical
diskectomy and fusion. Orthopedics 2012; 35:
€1503-e1510.

Barbagallo GM, Romano D, Certo F, Milone P,
Albanese V. Zero-P: a new zero-profile cage-
plate device for single and multilevel ACDF. A
single Institution series with four years maxi-
mum follow-up and review of the literature on
zero-profile devices. Eur Spine J 2013; 22
Suppl 6: 868-878.

Yan D, Jian L I, Zhang Z. Anterior Cervical
Discectomy and Fusion with the Zero-profile
Implant System for Cervical Spondylotic Mye-
lopathy. Techn Orthop 2014; 29: 49-53.

Suk KS, Kim KT, Lee SH, Park SW. Prevertebral
soft tissue swelling after anterior cervical dis-
cectomy and fusion with plate fixation. Int
Orthop 2006; 30: 290-294.

Kang SH, Kim DK, Seo KM, Kim KT, Kim YB.
Multi-level spinal fusion and postoperative pre-
vertebral thickness increase the risk of dys-
phagia after anterior cervical spine surgery. J
Clin Neurosci 2011; 8: 1369-1373.

Kepler CK, Rihn JA, Bennett JD, Anderson DG,
Vaccaro AR, Albert TJ, Hilibrand AS. Dysphagia
and soft-tissue swelling after anterior cervical
surgery: a radiographic analysis. The Spine J
2012; 12: 639-644.

Yue WM, Brodner W, Highland TR. Persistent
swallowing and voice problems after anterior
cervical discectomy and fusion with allograft
and plating: A 5-to 11-year follow-up study. Eur
Spine J 2005; 14: 677-682.

Chen H Zhang Y, Xia H, Wang F, Li Z, Chen X.
Stability of tibial defect reconstruction with
fibular graft and unilateral external fixation: a
finite element study. Int J Clin Exp Med 2014;
7: 76-83.

Int J Clin Exp Med 2016;9(2):2237-2244



