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Abstract

Purpose To compare perioperative parameters, clinical

outcomes, radiographic parameters, and complication rates

of the new zero-profile, stand-alone Fidji cervical cage

with those of the stand-alone cages with a titanium plate for

anterior cervical discectomy and fusion (ACDF) for the

surgical treatment of single- and multilevel cervical

degenerative disc disease (DDD).

Methods Between October 2009 and December 2013, 152

consecutive patients [86 males and 52 females; mean age

51.0 years (range 30–69 years)] with cervical DDD, who

underwent surgery and were followed for more than 2 years,

were enrolled in this study and divided into the cage group

and plate group. The study compared perioperative param-

eters, surgery-related and implant-related complication

rates, clinical outcomes, and radiologic parameters.

Results The clinical and radiologic results in both groups

were satisfactory after a minimum 2-year follow-up. No

significant differences between the cage group and plate

group in terms of improvement in the 36-Item Short Form

Health Survey, visual analogue scale, Neck Disability

Index, Japanese Orthopedic Association scores, disc

height, mean fusion time, fusion rate, adjacent segment

degeneration, and restoration of cervical lordosis, but the

cage group was associated with a lower risk of postoper-

ative dysphagia, shorter operation time, less blood loss, less

cost of index surgery, and relatively greater simplicity than

the plate group.

Conclusions The zero-profile, stand-alone Fidji cervical

cage for ACDF is an effective, reliable, and safe alternate

to the conventional method for the treatment of cervical

DDD. However, there is no definitive evidence that Fidji

cervical cage has better intermediate-term outcomes than

the stand-alone cages with a titanium plate for ACDF.

Keywords Adjacent segment degeneration � Anterior
cervical discectomy and fusion � Cervical degenerative disc
disease � Complications � Follow-up � Outcome � Stand-
alone zero-profile interbody fusion system

Introduction

The anterior approach to surgical treatment of cervical

degenerative disease was first described by Smith and

Robinson and popularized by Cloward in the 1950s [1].

Currently, anterior cervical discectomy and fusion (ACDF)

is considered to be the definitive surgical treatment for

symptomatic, single-, and multilevel, cervical degenerative

disc disease (DDD). Many studies reported that ACDF is

highly effective in terms of resolving symptoms, improving

nerve function, and restoring the physiological curvature of

the cervical spine [1–5]. Many surgeons prefer to add an
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anterior plating system in fusion procedures for increasing

the immediate postoperative stability after bone grafting

between vertebral bodies, as several studies suggest that

this may enhance rigidity of fixation and decrease risk of

nonunion, increase interbody fusion rates and stability,

maintain or improve cervical lordosis, and prevent inter-

body graft dislocation or subsidence, particularly in mul-

tiple-level ACDFs [6–8].

Although the profile of the current anterior plating system

is lower than that of earlier designs, they are still somewhat

bulky and might pose a substantial risk of hardware-related

complications, such as screws or plate dislodgement, soft-

tissue injury, tracheoesophageal lesions, spinal cord or nerve

injury, and dysphagia [9–13]. The reported rate of transient

dysphagia after ACDF ranges from 2 to 67 % in the early

postoperative period [14–25]. Mostly, these symptoms dis-

appear during the first 3 months after surgery, but not all

patients recover completely from swallowing problems

[14, 17, 21, 23]. The incidence of chronic dysphagia-related

symptoms after ACDF ranges from 3 to 21 % in the current

literature [11, 22, 24, 25]. In addition, the screw–plate

interfacemight lead to postoperative complications. Cases of

migrating screws and subsequent soft-tissue damage are

reported [26, 27]. Furthermore, Park et al. [28] demonstrated

a higher incidence of adjacent segment degeneration (ASD)

if an additional plate was used. The authors stated that this

finding is consistent with inappropriate sized or misaligned

plates interfering with the adjacent-level disc space. Yang

et al. [29] supported this thesis, demonstrating lower rates of

ASD performing ACDF without plates.

Limitations and problems with ACDF using a traditional

plate method have led some investigators to explore a new

device to potentially avoid these complications [23, 30–34].

In the past few years, a new zero-profile, stand-alone device

(Fidji cervical cage, Abbott Spine, Bordeaux, France) for

ACDF has attracted attention as a possible treatment for

cervical DDD, with the aim to reduce the morbidity asso-

ciated with the traditional cervical anterior plating system,

while maintaining the benefits of interbody cages with

anterior plating system [34]. Fidji cervical cages, made of

PEEK material, are available in different shapes and sizes

(Fig. 1). The anatomic shape fits with the vertebral end-

plate, and the implant cage has a lordotic angle. In sagittal

section, it is trapezoid shaped to provide a degree of lor-

dosis. A removable autostatic fin that juts out on top and

bottom of the implant gives an immediate stability. Anti-

backout teeth act also as additional stabilizers. Implants are

available also with different heights, and interior surface

allows placing bone graft or bone substitute. As a result,

Fidji cervical cage has a hard frame that resists spinal

loading and maintains spinal alignment.

From October 2009 to December 2013, we performed

ACDF using Fidji cervical cage in 68 patients. We report

our experience on a retrospectively collected series of

patients treated with the Fidji cervical cage, at single or

multiple levels, and followed up to a minimum 2 year after

surgery; indications, tips, and tricks related to such new

device are described. To the best of our knowledge, this is

the largest series of patients, with the longest available

follow-up, reported in the literature. The objective of this

study was to compare clinical and radiologic results of

cervical spine procedures using the Fidji cervical cage with

those using a traditional plate method for ACDF, and to

assess the role and limitations of the new zero-profile,

stand-alone device for the treatment of cervical DDD.

Materials and methods

Patient population

This was a retrospective clinical study. This study was

approved by the ethics statement of our hospital (First

Affiliated Hospital of PLA General Hospital, Beijing).

Between October 2009 and December 2013, 152 consec-

utive patients who underwent ACDF for cervical DDD by a

single surgeon in our spine surgery center took part in the

study. Fourteen patients were excluded, because they had

not completed their 1-year follow-up. Written informed

consent was given by participants for their clinical records

to be used in this study. All patients underwent X-ray,

computed tomography (CT), and magnetic resonance

imaging (MRI). Inclusion criteria were: (1) myelopathy or

radiculopathy on the physical examination; (2) spinal cord

or root compression visible on recent MRI at single- or

multilevel; and (3) no response to at least 6 weeks of

conservative treatment. Exclusion criteria were: (1) sig-

nificant segmental instability and developmental stenosis;

(2) a history of cervical spine surgery and other cervical

Fig. 1 Photograph showing Fidji cervical cage
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diseases, including fracture, tumor, infection, or severe

osteoporosis; and (3) a requirement for simultaneous

anterior and posterior surgery.

Ultimately, 138 patients (86 males and 52 females) were

deemed eligible for inclusion in the study. The mean age of

patients was 51.0 years (range 30–69 years), and the mean

duration of symptoms was 24.5 months (range

6–50 months). The average body mass index (BMI) was

28.7 (range 16.1–51.4). Sixty-eight patients who received

the stand-alone Fidji cervical cage (cage group) between

September 2011 and December 2013 were compared with

70 patients who received a conventional intervertebral

spacer with anterior plating (plate group) between October

2009 and September 2011. The patients’ demographic data

and number of treated segments are shown in Table 1.

There were no statistically significant differences for

patient sex, age, BMI, number of treated segments,

symptom duration, follow-up time, or hospital stay among

the two treatment groups. (p[ 0.05, Table 1).

Surgical technique

Each patient received preoperative intravenous antibi-

otics. All procedures were performed through a trans-

verse skin incision on the right side of the neck.

Discectomy and decompression were performed using a

surgical approach similar to that described by Smith and

Robinson [1], with preservation of the uncovertebral

joints to minimize soft-tissue damage and bleeding and

to avoid damage to the bony endplates. To reduce new

bone formation at bleeding sites, soft-tissue bleeding

was meticulously controlled, and damaged bone was

covered with bone wax. The posterior longitudinal

ligaments were completely removed only when they

were torn preoperatively. The cartilaginous endplate was

removed completely to expose he cortical endplate. The

bony endplate was preserved as such as possible to

prevent cage subsidence.

The cage group: an appropriate-sized Fidji cervical

cage was selected following the completion of discectomy

and endplate preparation. The inner cavity of the cage was

filled with autologous cancellous bone. The cage size was

determined by both preoperative templating and intra-

operative evaluation using a trial cage to confirm initial

stability. The cage was inserted into the disc space using

an impactor, and cage stability was confirmed after the

distracter was removed. The plate group: the appropriate

size for stand-alone cage was determined by both preop-

erative templating and intra-operative evaluation using a

trial cage to confirm optimal implant size. A PEEK cage

(DePuy Spine, Johnson & Johnson, New Brunswick, NJ,

USA) was packed with autologous cancellous bone and

inserted into the disc space as described above. After

removal of the Caspar distractor, the self-tapping screws

were used cranially and caudally to fix the SLIMLOC or

SKYLINE anterior cervical plate (DePuy Spine, Johnson

& Johnson, New Brunswick, NJ, USA). Operations were

performed under fluoroscopic guidance. All patients were

immobilized in a Philadelphia collar for 12 weeks

postoperatively.

Table 1 Patient demographic

data
Variable Total Cage group Plate group p

Patients, n 138 68 70

Sex (male, female) 86/52 41/27 45/25 0.629

Age, years 51.6 ± 8.2 50.6 ± 7.5 51.3 ± 7.9 0.620

BMI 28.7 ± 8.4 28.3 ± 7.8 29.8 ± 8.8 0.410

Active smokers 56 29 27 0.626

Patient with diabetes 26 12 14 0.724

Symptom of radiculopathy 49 23 26 0.684

Symptom of myelopathy 78 40 38 0.591

Combined symptomsa 11 5 6 0.792

Symptom duration, months 24.5 ± 9.3 24.5 ± 8.8 25.2 ± 9.8 0.903

Number of treated segments 0.961

One-level 66 32 34

Two-level 44 21 23

Three-level 21 11 10

Four-level 7 4 3

Hospital stay, days 9.8 ± 2.0 9.9 ± 2.2 9.8 ± 1.9 0.909

Follow-up period, months 29.9 ± 6.3 29.7 ± 6.5 30.8 ± 6.6 0.456

BMI body mass index
a Combined symptoms of radiculopathy and myelopathy
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Data collection and outcome evaluations

The data collected included epidemiological data, opera-

tive segment, intra-operative blood loss, operation time,

length of hospital stay, cost of index surgery, complica-

tions, and clinical and radiological parameters. Periopera-

tive information was collected from the anesthesia records.

All outpatients visit at postoperative 1 week, 3,

6 months, and every 6 months thereafter. Follow-up clin-

ical examinations were obtained by a physician unrelated

to the surgical procedures. All patients were asked to

complete questionnaires before surgery and at each follow-

up examination. The self-reported measures used were the

Medical Outcomes Study 36-Item Short Form Health

Survey (SF-36) [35], Neck Disability Index (NDI) [36],

and visual analogue scale (VAS) scores. Myelopathy was

graded using the Japanese Orthopedic Association (JOA)

score [37]. The incidence of dysphagia was recorded using

the system defined by Bazaz [14]. Severity of dysphagia

was graded as none, mild, moderate, or severe (Table 2).

The presence of dysphagia was evaluated at 1 weeks

postoperatively and at 3 months postoperatively.

Preoperative imaging included anterior–posterior (AP)

and lateral X-rays, with flexion–extension views, CT and

MRI. The cervical spine static and dynamic X-rays were

obtained at each follow-up. Cervical lordosis was assessed

using the of C2–C7 Cobb angle, the angle formed by the

two lines drawn perpendicular to the inferior endplates of

the C2 and C7 vertebral bodies in a neutral position. The

disc height (DHI) was measured on the lateral X-ray as the

distance from the highest portion of the lower endplate of

the cephalad vertebra to the closest portion of the upper

endplate of the caudal vertebra [31]. The occurrence of

subsidence was investigated. Subsidence is defined as loss

of height of more than 2 mm at any of the two measured

disc heights [38]. A solid fusion was considered present if

the following features were observed: (1) no motion across

the fusion site on flexion–extension X-rays, (2) trabeculae

across the fusion site, or (3) no lucency across the fusion

site or around any of the screw sites. If the fusion was

questionable, sagittal reconstructive CT scans were per-

formed. Degenerative changes in the adjacent segments

were evaluated on MRI at the final follow-up. Disc

degeneration was graded on T2-weighted sagittal and axial

images using the five-point scale as described by Miyazaki

[39]. To correct for intra-observer and inter-observer dif-

ferences in radiological measurements, three experienced

observers independently evaluated radiological outcomes.

Statistical analyses

All analyses were performed using the Statistical Package

for the Social Sciences for Windows, version 22.0 (SPSS

Inc., Chicago, IL, USA). Quantitative data were expressed

as the mean ± standard deviation. Inter-group compar-

isons were performed using the t test or Wilcoxon signed-

rank test. Clinical and radiological data before and after

surgery were compared using the mixed effect model.

Qualitative data were expressed as rate or proportion. Inter-

group comparisons were performed using Pearson’s Chi-

square test or Fisher’s exact test. Any value of p\ 0.05

was considered to indicate statistical significance.

Results

Surgical outcomes

All cases were followed up for more than 2 years postopera-

tively (median 26 months, range 24–48 months). The Fidji

cervical cages were implanted in 68 patients (123 segments).

The plate group consisted of 70 patients (122 segments) treated

with stand-alone cages and a titanium plate. The surgical out-

comes of these patients are summarized in Table 3. Operation

time and blood loss were significantly less in the cage group

compared with the plate group (73.2 ± 22.3 vs

81.2 ± 19.5 min, 54.6 ± 33.3 vs 75.7 ± 46.8 mL, p\0.05).

There was significantly less cost of index surgery including

implant cost in the cage group compared with the plate group

(US $6478.2 ± 836.6 vs 7510.8 ± 899.9, p\0.05).

Clinical outcomes

The clinical outcomes of these patients are summarized in

Table 4. The SF-36, VAS, NDI, and JOA scores of all

patients, including both the cage and plate group, were

improved significantly after surgery at any time point (all

p\ 0.05). There were no significant differences between

the two groups in the SF-36, VAS, NDI, and JOA scores at

any time point (all p[ 0.05).

Table 2 Bazaz grading system

for dysphagia
Symptom severity Liquid food Solid food

None None None

Mild None None

Moderate None or rare Occasionally (only with specific food)

Severe None or rare Frequent (majority of solids)
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Radiological outcomes

The radiological outcomes of these patients are summa-

rized in Table 5. In the cage group, the C2–C7 Cobb angle

was 10.78� ± 2.30� before surgery, 14.22� ± 1.48�
1 week after surgery, 14.15� ± 1.49� 3 months after sur-

gery, and 14.01� ± 1.47� at the final follow-up. In the plate
group, the C2–C7 Cobb angle was 10.62� ± 2.24� before

surgery, 14.63� ± 1.51� 1 week after surgery, 14.59� ±
1.38� 3 months after surgery, and 14.49� ± 1.70� at the

final follow-up. The C2–C7 Cobb angle of all patients,

including both the cage and plate groups, were improved

significantly after surgery at any time point (all p\ 0.05,

Table 5). The C2–C7 Cobb angle showed different degrees

of reduction at the 3 months after surgery and the final

follow-up comparing 1 week after surgery in both two

groups. However, no significant difference was noticed

between the postoperative period and the last follow-up (all

p[ 0.05). There were no significant differences between

the two groups in the C2–C7 Cobb angle at any time point

(all p[ 0.05).

In the cage group, the DHI was 6.13 ± 1.75 mm before

surgery, 7.26 ± 1.17 mm 1 week after surgery, 6.85 ±

0.85 mm 3 months after surgery, and 6.63 ± 0.79 mm at

the final follow-up. In the plate group, the DHI was

6.06 ± 1.58 mm before surgery, 7.33 ± 1.21 mm 1 week

after surgery, 7.11 ± 1.04 mm 3 months after surgery, and

7.09 ± 1.02 mm at the final follow-up. The DHI of all

patients in both two groups was restored significantly after

surgery at any time point (all p\ 0.05). However, from

3 months after surgery to final follow-up, the DHI in both

two groups showed a significant reduction comparing

1 week after surgery (all p\ 0.05). There was significant

difference in the change in DHI at the final follow-up

between the cage and plate groups (p = 0.0041).

At final follow-up, the fusion rates were 91.2 % (62/68)

in the cage group, and 92.9 % (65/70) in the plate group,

which was not a significant difference between groups

Table 3 Patient perioperative

parameters
Variable Cage group Plate group p

(n = 68) (n = 70)

Operation time (min) 73.2 ± 22.3 81.2 ± 19.5 0.002

Blood loss (ml) 54.6 ± 33.3 75.7 ± 46.8 0.002

Cost of index surgery (including implant cost) (US $) 6478.2 ± 836.6 7510.8 ± 899.9 \0.001

Table 4 Patient clinical outcomes

Variable Cage group Plate group

(n = 68) (n = 70)

JOA scores

Preoperative 7.6 ± 2.3 7.7 ± 2.1

Postoperative 3 months 14.0 ± 0.8* 14.1 ± 0.8*

Final follow-up 15.0 ± 0.7*4 14.9 ± 0.7*4

NDI scores

Preoperative 16.9 ± 3.0 17.0 ± 2.9

Postoperative 3 months 10.9 ± 2.1* 10.7 ± 2.1*

Final follow-up 10.7 ± 2.1*4 10.5 ± 2.1*4

VAS scores (0–10)

Preoperative 6.0 ± 1.7 6.1 ± 1.6

Postoperative 3 months 1.9 ± 0.7* 2.0 ± 0.7*

Final follow-up 1.7 ± 0.6*4 1.8 ± 0.5*4

SF-36 scores (0–100)

Preoperative 30.2 ± 4.4 29.6 ± 4.1

Postoperative 3 months 48.1 ± 8.7* 47.1 ± 8.5*

Final follow-up 50.8 ± 7.2*4 50.6 ± 7.1*4

JOA Japanese Orthopedic Association, NDI Neck Disability Index,

VAS visual analogue scale

* Significantly different from preoperative (p\ 0.05)
4 Significantly different from postoperative 3 months (p\ 0.05)

Table 5 Patient radiologic outcomes

Variable Cage group Plate group

(n = 68) (n = 70)

C2–C7 Cobb angle (�)
Preoperative 10.78 ± 2.30 10.62 ± 2.24

Postoperative 1 week 14.22 ± 1.48* 14.63 ± 1.51*

Postoperative 3 months 14.15 ± 1.49* 14.59 ± 1.38*

Final follow-up 14.01 ± 1.47* 14.49 ± 1.70*

DHI (mm)

Preoperative 6.13 ± 1.75 6.06 ± 1.58

Postoperative 1 week 7.26 ± 1.17* 7.33 ± 1.21*

Postoperative 3 months 6.85 ± 0.85*q 7.11 ± 1.04*q

Final follow-up 6.63 ± 0.79*q4 7.09 ± 1.02*qu

Fusion rate (%) 91.2(62/68) 92.9(65/70)

Mean fusion time (months) 9.7 ± 3.9 9.0 ± 3.6

ASD 4/41 (9.8 %) 8/49 (16.3 %)

DHI disc height index, ASD adjacent segment degeneration

* Significantly different from preoperative (p\ 0.05)
q Significantly different from postoperative 1 week (p\ 0.05)
4 Significantly different from postoperative 3 months (p\ 0.05)
u Significantly different from the cage group (p\ 0.05)
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(p = 0.7155). The radiologic mean fusion time was

9.7 ± 3.9 months in the cage group, and 9.0 ± 3.6 months

in the plate group. Although the radiologic mean fusion

time slightly prolonged in the cage group comparing the

plate group, no significant difference (p = 0.248) was

noted. Radiological evidence of ASD was observed in 4/41

patients (9.8 %) in the cage group and 8/49 patients

(16.3 %) in the plate group, which was not a significant

difference between groups (p = 0.3611). A typical case is

shown in Fig. 2.

Complications

The complications of these patients are summarized in

Table 6. In the cage group, postoperative complications

included epidural hematoma (1 case), hoarseness (1 case),

dysphagia (5 cases), axial neck pain (2 cases), and subsi-

dence (12 segments). In the plate group, postoperative

complications included cerebral fluid leakage (1 case),

epidural hematoma (2 cases), hoarseness (3 cases), dys-

phagia (13 cases), axial neck pain (1 case), infection (1

case), new neurological deficit (1 case), implant

dislodgement (1 case), implant malposition (2 cases),

hardware breakage (2 cases), and subsidence (9 segments).

Although postoperative complications were similar in

both surgical groups, we found a marked difference in

postoperative dysphagia. Transient postoperative dyspha-

gia (\3 months) was found in 5.9 % of patients in the cage

group and 12.9 % of patients in the plate group. Although

complaints of dysphagia persisted beyond 3 months in only

one patient in the cage group, they were recorded in four

patients in the plate group. Thus, dysphagia was signifi-

cantly more frequent in patients with ACDF using an

additional anterior plate compared with patients who

receive the stand-alone Fidji cervical cage (p = 0.049).

The severity of dysphagia lasting [3 months was in the

vast majority of patients mild. One patient in the cage

group and two patients in the plate group experienced mild

dysphagia lasting [3 months after the surgery. Another

patient had moderate dysphagia with difficulties swallow-

ing liquid. One patient in the plate group suffered from

severe dysphagia with frequent swallowing difficulties

eating solid food. He underwent a swallow evaluation that

revealed partial aspiration of food.

Fig. 2 A 53-year-old male had experienced numbness in both hands

and weakness in all four extremities for 2 years. Preoperative cervical

lateral X-rays (a) and sagittal T2-weighted MRI (b) showed degen-

erative disc disease and spinal cord compression at C3–C4, C4–C5,

and C5–C6. The patient underwent 3-level ACDF with the new zero-

profile, stand-alone Fidji cervical cage. Postoperatively, the patient

was satisfied and showed an excellent clinical result. Postoperative

AP and lateral X-rays (d, e) showed that the relatively good alignment

of C2–C7 was identified, and Fidji cervical cages were in good

position. Postoperative sagittal T2-weighted MRI (e) showed decom-

pression of the spinal cord at C3–C4, C4–C5, and C5–C6. CT sagittal

reconstruction (f) 1 year after surgery showed sound bone fusion

mass was noted. At final follow-up, flexion–extension lateral X-rays

(g, h) showed satisfactory stability in the fusion segments
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Discussion

ACDF is an effective and safe procedure for the surgical

treatment of patients with radiculopathy and myelopathy.

However, the use of an additional anterior plate is associ-

ated with various intra-operative and postoperative com-

plications. Several complications have been described, for

example, screw loosening and soft-tissue damage by

migrated screws, chronic dysphagia, and ASD

[2, 9–13, 27–29, 40–42]. In this study, we described the

clinical and radiographic results of a new ACDF technique

using the cage with a new zero-profile, stand-alone device.

We asked whether this new implant would be associated

with a low rate of dysphagia and other complications in

patients having this ACDF procedure would be able to

achieve solid fusion and maintain postoperative clinical

outcomes.

Solid bony fusion constitutes a goal of ACDF, because

nonunion has been linked to poor outcomes [7]. Only

stable bony fusion prevents delayed kyphotic deformity

with concomitant foraminal stenosis causing root com-

pression and neck pain [41, 43]. In a literature review of 25

studies with overall 2682 patients, Fraser et al. [44]. were

able to document a significantly increased rate of fusion if

an additional anterior plate has been used for either single-

level or multilevel ACDF procedures (92.1 %). A similar

rate of bony fusion was detected in our study who under-

went ACDF with anterior plating (92.9 %). Importantly,

we found that the new zero-profile, stand-alone device was

associated with a comparable rate of bony fusion (91.2 %).

In addition, the SF-36, VAS, NDI, and JOA scores of all

patients in both two groups were improved significantly

after surgery at any time point. There were no significant

differences in surgical and clinical outcomes between the

two groups during the follow-up period. However, Fidji

cervical cage was associated with shorter operation time,

less blood loss, less cost of index surgery, and relatively

greater simplicity than the stand-alone cages with a tita-

nium plate for ACDF.

Dysphagia is a well-known complication after ACDF

using an additional anterior plate. Previous studies have

demonstrated that the incidence of postoperative dysphagia

can reach up to 71 %, and persistent dysphagia can reach

35.1 % even at 7.2 years after ACDF with an anterior

cervical plate [14, 17, 21, 23]. Several studies, based on

analysis of a small sample size, have reported the appli-

cation of the zero-profile implant system (Zero-P, Synthes

GmbH, Switzerland). However, the incidence of postop-

erative dysphagia ranges from 0 to 76 %

[23, 30, 32, 45, 46]. For the early postoperative period, the

rate of dysphagia in our study is similar to that in the

current literature [14, 17, 21, 23]. However, in comparison

with the published data [11, 22, 24, 25], the incidence of

chronic dysphagia in our patients was low after implanta-

tion of the Fidji cervical cage (1.5 %). Although the exact

pathophysiologic mechanism of dysphagia after ACDF

procedures is not well understood, many hypotheses have

been proposed [16, 17, 20, 24, 25, 47]. According to

Fountas et al. [11], postoperative soft-tissue edema, eso-

phageal injury, postoperative hematoma, and adhesive

formations around implanted cervical plates might be

possible explanations for dysphagia-related symptoms. The

anterior cervical locking plate is placed directly posterior to

the esophagus and may impinge or irritate the esophagus. It

has been demonstrated that design and thickness of anterior

locking plates correlate with postoperative dysphagia.

According to Lee et al. [21], there is a correlation between

plate thickness and dysphagia rate, with decreased dys-

phagia incidence when thinner plates were used. The zero-

profile Fidji cervical cage is not placed across the anterior

vertebral body, and can be completely contained in the

decompressed intervertebral space, avoiding the mechani-

cal stimulus to the esophagus and other pre-vertebral soft

tissues, preserving as many normal anatomical tissues as

possible. This may explain the lower postoperative dys-

phagia incidence in the cage group in our study. Another

possible mechanism for postoperative dysphagia after

ACDF with anterior plating may be additional traction

required to place an anterior locking plate. Increased

pressure on the esophagus during implantation of an

anterior plate has also been suggested to contribute to

dysphagia in patients who undergo ACDF with anterior

plating [47]. Future randomized controlled multicenter

studies focusing on the mechanisms of dysphagia and

methods to reduce the incidence of dysphagia are needed.

Table 6 Patient complications

Variable Cage group Plate group p

(n = 68) (n = 70)

Surgery-related complications

Cerebral fluid leakage 0 1 (1.4 %) 0.493

Epidural hematoma 1 (1.5 %) 2 (2.9 %) 0.617

Hoarseness 3 (4.4 %) 3 (4.3 %) 1.000

Dysphagia 5 (7.4 %) 13 (18.6 %) 0.049

\3 months 4 (5.9 %) 9 (12.9 %)

[3 months 1 (1.5 %) 4 (5.7 %)

Axial neck pain 1 (1.5 %) 1 (1.4 %) 1.000

Infection 0 1 (1.4 %) 0.493

New neurological deficit 0 1 (1.4 %) 0.493

Implant-related complications

Implant dislodgement 0 2 (2.9 %) 0.241

Implant malposition 0 1 (1.4 %) 0.493

Hardware breakage 0 2 (2.9 %) 0.241

Subsidence 12/123 (9.8 %) 9/122 (7.4 %) 0.506

Eur Spine J (2017) 26:1129–1139 1135

123



The exact pathophysiologic mechanism of ASD remains

unknown [28, 29, 40, 48–51]. ACDF has a high rate of

clinical success for the treatment of cervical DDD, but the

rigid fixation may result in ASD, which could eventually

lead to a need for additional treatment [28, 29, 51]. The

presence of a plate is also likely to accelerate degenerative

changes in adjacent segments, which increased motion and

increased intra-discal pressure have been reported in the

untreated levels adjacent to fused levels [49–53]. Hilibrand

et al. [52] reported that approximately 25 % of patients

who underwent single-level ACDF developed ASD within

10 years. The Fidji cervical cage minimizes such risk of

inducing adjacent disc level degeneration and spondylotic

changes as it remains within the index disc space, far from

adjacent-level disc spaces; and correct plate position (i.e.,

not reaching the adjacent disc space) has been shown to be

associated with a lower incidence of ASD. Nonetheless,

Miao et al. [54] pointed out that a longer observation is

necessary to determine whether or not these devices can

also reduce the rate of ASD.

The stand-alone cage has been used widely in clinical

practice, and successful clinical results have been reported

in more than one study, although the reliability of this

technique remains controversial [4, 55–59]. One of the

major concerns about stand-alone cage used for ACDF is

the cage subsidence [38, 57, 58, 60]. During the process of

bone remodeling, settlement of the cage of less than 2 mm

into the vertebral bodies until fusion is to be expected [38].

If the cage subsides into the vertebral body, however, with

disc collapse, foraminal height and the cervical alignment

would fail to restore, thus influencing the clinical outcome.

The incidence of cage subsidence and its consequences

among the literatures were quite different [38, 57, 58, 60].

Gercek et al. [38] reported that 5 of 8 patients (9 levels,

62.5 %) had radiological signs of cage subsidence, and

recommended additional stabilization is necessary to avoid

this problem, though cage subsidence did not correlate with

clinical symptoms. In a prospective study [60], subsidence

was present in 30 of the 67 (44.8 %) fused segments of

ACDF using a titanium cage, but the height of the foramen

was well maintained among the subsidence cases. In our

study, the incidence of cage subsidence was 9.8 % in the

cage group and less than that by the majority of other

authors. In addition, we found an interesting phenomenon.

All cases with cage subsidence were noted at a 3-month

follow-up, indicating that the subsidence did not progress

during that time, probably because of fusion. For the sub-

sidence cases, the disc height of the treated level at the final

follow-up remained significantly greater than that before

surgery. Despite cage subsidence, the long-term clinical

outcome of patients of subsidence remained satisfactory. In

our opinion, risk factors for progressive cage subsidence

include instability created by discectomy, postoperative

cervical motion, cage design, oversized cage insertion with

excessive distraction to obtain immediate stability, end-

plate preparation (excessive resection), and low bone

mineral density.

Cervical lordosis is considered to play an important role

in the maintenance of surgical results [5, 61–64]. Sagittal

malalignment will cause an increased distribution of stress

on internal fixation devices and the adjacent segments,

which will increase the incidence of failure of internal

fixation and disease in adjacent segments [63, 64]. Inade-

quate recovery of cervical lordosis after ACDF has a strong

and consistent influence on to the cervical instability,

postoperative axial pain, and the deterioration of neuro-

logical deficit, and may influence the functional recovery

[62–64]. In our study, cervical lordosis significantly

improved in both the cage and plate group at final follow-

up. The SF-36, VAS, NDI, and JOA scores of all patients in

both two groups were improved significantly after surgery

at final follow-up, and postoperative clinical outcomes was

well maintained.

The use of all generations of cervical anterior plates is

associated with various intra-operative and postoperative

complications [3, 9–11, 22, 27, 42, 56]. In their review of

the literature, Vaccaro et al. [42] reported an incidence of

screw and plate loosening reaching 15.4 %, screw and

plate breakage rates, respectively, up to 13.3 and 6.7 %, a

plate and graft displacement (with or without graft fracture)

rate scaling up to 21.4 % and an incidence of implant

malposition (screws in discs, plating of unfused segments,

etc.) from 0 to 12.5 % for long-segment plates. Many

newer implants are designed with different screw-locking

mechanisms to avoid these mechanical complications. It

should be noted that balancing between preferably small

plate dimensions (low profile) and the necessity of thicker

plates to have a secure constrained screw fixation is chal-

lenging from an engineering standpoint. Nevertheless, the

problem of screw and plate malposition during surgery still

exists. Specifically, the lack of implant migration or screw

loosening might be related to the design of the locking

plate–screw interface. In this study, regardless of the

number of operated levels, we did not encounter these

implant-related complications in cage group during follow-

up.

This study is limited by the relatively small number of

patients. In addition, the mean follow-up period was too

short to evaluate the long-term efficacy of the new zero-

profile, stand-alone Fidji cervical cage for the treatment of

cervical DDD. However, we feel that this study provides

useful information regarding the surgical treatment of

cervical DDD, because there are currently a few reports

describing outcomes after Fidji cervical cage for ACDF.

Further large-scale, prospective, randomized studies with

long-term follow-up periods are needed to overcome these
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limitations and definitively determine whether the new

zero-profile, stand-alone Fidji cervical cage has advantages

over the stand-alone cages with a titanium plate for ACDF.

Conclusions

In summary, the clinical and radiological outcome of the

new zero-profile, stand-alone Fidji cervical cage for the

surgical treatment of single- and multilevel degenerative

cervical disc disease was satisfactory after a minimum

2-year follow-up. The results do not show significant dif-

ferences between the zero-profile, stand-alone Fidji cervi-

cal cage and the stand-alone cages with a titanium plate in

terms of improvement in the SF-36, VAS, NDI, JOA

scores, DHI, mean fusion time, fusion rate, ASD, and

restoration of cervical lordosis, but Fidji cervical cage was

associated with a lower risk of postoperative dysphagia,

shorter operation time, less blood loss, less cost of index

surgery, and relatively greater simplicity than the stand-

alone cages with a titanium plate for ACDF. Overall, the

results show that the zero-profile, stand-alone Fidji cervical

cage for ACDF is an effective, reliable, and safe alternate

to the conventional method for the treatment of cervical

DDD. However, there is no definitive evidence that the

zero-profile, stand-alone Fidji cervical cage has better

intermediate-term outcomes than the stand-alone cages

with a titanium plate for ACDF.
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