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Abstract

Purpose Our aim was to compare the safety and efficacy

of anterior cervical discectomy and fusion (ACDF) using

the Zero-P spacer versus the plate method in patients with

cervical spine spondylosis.

Methods Clinical and radiologic data from 69 patients

undergoing two-level ACDF from January 2009 to May

2011 were collected prospectively. The Zero-P spacer was

implanted in 37 patients (group A) and the anterior cervical

plate and interbody cage in 32 (group B). Patients were

followed for at least 3 years after surgery. Clinical out-

comes were analyzed using the Neck Disability Index and

Japanese Orthopaedic Association (JOA) scoring. The

thickness of the prevertebral soft tissue at the fused levels

was measured on the lateral cervical spine radiographs and

dysphagia was assessed using the Bazaz score. Fusion rate,

change in cervical lordosis, and adjacent segment degen-

eration were analyzed.

Results Neurologic outcomes were statistically equiva-

lent between the two groups. The incidence of postop-

erative dysphagia was significantly lower in group A than

in group B at 2 and 6 months (p\ 0.05). At the final fol-

low-up, there were no significant differences in the C2–C7

Cobb angles between the two groups (p[ 0.05). Also,

degenerative changes in adjacent segments occurred in five

group A patients and seven group B patients (p = 0.361).

There were no differences in fusion rate during the ra-

diologic follow-up.

Conclusions Clinical results with the Zero-P spacer used

for two-level ACDF were satisfactory. The device is su-

perior to the traditional plate for preventing postoperative

dysphagia and avoiding possible complications associated

with a plate. Prospective trials with more patients and

longer follow-ups are required to confirm these

observations.
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Introduction

Degenerative conditions of the cervical spine (e.g., de-

generative disc disease, cervical spondylotic myelopathy)

are major causes of arm pain with or without neurologic

deficits. When nonoperative treatment fails, surgery may

be considered. Since the 1950s, anterior cervical discec-

tomy and fusion (ACDF) has been widely applied in pa-

tients with cervical disc degenerative diseases [1, 2].

During this period, anterior cervical plates [3–6] and in-

tervertebral cages [7–11] have been adopted as well. Many

surgeons add an anterior plate during fusion procedures to

enhance stabilization based on the fact that several studies

have suggested that it leads to higher fusion rates and a

lower incidence of failure [6]. Plate-associated complica-

tions, however, such as postoperative dysphagia [8, 12, 13],

tracheoesophageal lesions [14], and plate shift, have raised

increasing concern.

The Zero-P spacer, which can accomplish immediate

stability of a treated segment as compared with the stand-

alone concept, has been developed and used during the past
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few years. The objective of this study was to compare

clinical and radiologic results of cervical spine procedures

using the Zero-P spacer with those using a traditional plate

method.

Materials and methods

A total of 69 patients (41 men, 28 women) were enrolled in

this study from January 2009 to May 2011. Conservative

therapy had been ineffective in all these patients. The de-

cision to perform surgery was based on a clinical picture

that correlated with recent magnetic resonance imaging

(MRI) evidence of root or spinal cord compression. Pa-

tients with symptomatic findings at two levels of the cer-

vical spine were included in this study. The causative

diseases were radiculopathy and/or myelopathy unrespon-

sive to conservative treatment. All patients underwent two-

level ACDF from C3 to C7. The patients themselves were

asked to choose which device (Zero-P spacer or anterior

plate and cage) they wished to have implanted. The Zero-P

spacer was implanted in 37 patients (group A) and the

traditional plate and intervertebral cages in 32 patients

(group B). Japanese Orthopaedic Association (JOA) score

and Neck Disability Index (NDI) questionnaires were ad-

ministered for functional evaluation. The incidence of

dysphagia was assessed using the Bazaz system [12] at

48 h postoperatively and at the 2-, and 6-month follow-up

visits (Table 1). The thickness of the prevertebral soft tis-

sue at the fused levels was measured on the lateral cervical

spine radiographs, and at plated levels, the thickness of the

prevertebral soft tissue was measured from the front of the

plate [15]. The mean follow-up was 41.9 months (range

36–60 months). The Specialty Committee on Ethics of

Biomedicine Research at our institution approved the

study.

One senior spinal surgeon from our team performed all

the surgical procedures using a standard, Smith–Robinson

technique. In brief, after thorough decompression and

scraping off the cartilaginous endplate, the right Zero-P

spacer (Synthes GmbH, Oberdorf, Switzerland) was im-

planted in the group A patients. In group B patients, a

suitable intervertebral cage was implanted, after which a

pre-bent locking plate (Slim-Loc; Depuy Spine, Johnson &

Johnson, NJ, USA) of suitable curvature and length was

placed. Screws were then implanted and locked. Both the

intervertebral cage and the Zero-P spacer were packed with

demineralized bone matrix (DBM). The correct position of

the implants was identified by lateral fluoroscopy.

All patients wore a soft collar for the first 2 weeks after

surgery. Patients underwent regular follow-up in the out-

patient clinic at 2 and 6 months postoperatively and then

yearly. Fusion was evaluated by computed tomography

(CT) and radiograph was performed at all regular follow-

ups. The sagittal profile of the cervical spine was assessed

from the lateral radiographs using the Cobb angle mea-

sured between the lower endplate of the second cervical

vertebra and the lower endplate of the seventh cervical

vertebra. If the seventh cervical vertebra was invisible, the

lower endplate of the most caudal visible cervical vertebra

was chosen. The measurements were conducted in the

same way for each patient [16]. The Cobb angle of the

fused segments was measured by drawing two lines be-

tween the upper endplate of the cranial vertebra and the

lower endplate of the caudal vertebra (Fig. 1).

Two surgeons independently performed functional and

radiologic evaluations preoperatively, postoperatively, and

at each follow-up visit. Statistical analysis was performed

using SPSS software (version 18.0, 2010; SPSS, Chicago,

IL, USA). Student’s t test and the v2 test were used to

analyze differences between the two groups. Any value of

p\ 0.05 was considered to indicate statistical significance.

Results

The average operative time was 97.7 ± 4.9 min with an

average blood loss of 88.9 ± 8.1 ml in group A. Group B

had an average operative time of 100.3 ± 6.8 min with a

mean blood loss of 92.6 ± 10.9 ml. The differences be-

tween the operative time and intraoperative blood loss for

the two groups were not statistically significant (Table 2).

Symptoms were alleviated in all patients after the surgery.

The NDI significantly improved postoperatively in both

groups. There were no significant intergroup differences

pre- or postoperatively. The mean JOA score improved

from 9.1 ± 0.7 points before surgery to 13.1 ± 1.7 points

at the final follow-up in group A and from 8.9 ± 1.6 points

to 12.9 ± 0.8 points in group B. Neurologic gain showed

no significant difference between the two groups.

Table 1 Bazaz grading system

for dysphagia
Symptom severity Liquid food Solid food

None None None

Mild None Rare

Moderate None or rare Occasionally (only with specific food)

Severe None or rare Frequent (majority of solids)
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The mean preoperative C2–C7 Cobb angles for the

fused segments were similar in the two groups. The mean

C2–C7 Cobb angle was ?15.2� ± 2.3� in group A and

?16.3� ± 3.3� in group B at the final follow-up

(p = 0.126). The mean Cobb angle for the fused segments

was ?7.8� ± 1.9� in group A and ?8.3� ± 1.1� in group B

at the final follow-up (p = 0.063). The mean C2–C7 and

fused segments Cobb angles showed evident increases in

both groups right after the operation. These values, how-

ever, gradually decreased throughout the follow-up visits

(Figs. 2, 3). The fusion rate at 6 months postoperatively

was 91.9 % (34/37) in group A and 93.8 % (30/32) in

group B (p = 1.00). At the final follow-up, all patients had

solid fusion.

At 48 h postoperatively, eight group A patients com-

plained of mild dysphagia and ten group B patients

(p = 0.364) complained of mild (n = 4) or moderate

(n = 6) dysphagia. At the 2-month follow-up, two pa-

tients in group A still had mild dysphagia, but by

6 months it had resolved completely. In group B at

2 months, five patients still had mild and three had

moderate dysphagia. Among these eight group B patients,

five still complained of mild dysphagia at the 6-month

follow-up (Table 3). There were significant differences

between the two groups regarding the incidence of dys-

phagia 2 and 6 months after the surgery (p\ 0.05). The

thickness of the prevertebral soft tissue at the fused levels

was measured (Table 4). The results suggested a sig-

nificant difference of the soft tissue-swollen severity be-

tween the plate-and-cage group and the Zero-P group. The

p value was significant at 48-h and 2-month postop-

eratively between the two groups (p\ 0.05). Degen-

erative changes in the adjacent segments were apparent in

five group A patients and seven group B patients at the

final follow-up (p = 0.361). None of the patients, how-

ever, required revision surgery for any reason.

Fig. 1 Technique of Cobb angle of C2-7 and Cobb focal angle of the

fused segments

Table 2 Demographics of

subjects
Group A (Zero-P) Group B (plate and cage) P

Patient no. 37 32

Sex (male/female) 21/16 20/12 0.628

Age (year) 48.9 ± 4.0 49.5 ± 4.2 0.563

Operation time (min) 97.7 ± 4.9 100.3 ± 6.8 0.071

Intraoperative blood loss (ml) 88.9 ± 8.1 92.6 ± 10.9 0.108

Follow-up time (month) 40.6 ± 9.2 43.5 ± 10.4 0.231

Mean ± standard deviation

Fig. 2 Development of C2–7 Cobb angle during follow-up. Preop

preoperative, Postop postoperative
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Discussion

The role of ACDF in patients with cervical spine disc

disease has long been established. With increasing expe-

rience, numerous reports have documented the effective

use of additional plating to treat degenerative spine con-

ditions [4, 6, 17]. Compared to autografts and allografts,

plating has the advantages of immediate postoperative

stability, higher fusion rate, and a lower incidence of

pseudarthrosis. It also prevents interbody graft/cage dislo-

cation or subsidence, especially after multilevel procedures

[18].

Use of an additional anterior plate, however, is associ-

ated with various intraoperative and postoperative com-

plications. Dysphagia and tracheoesophageal lesions are
Fig. 3 Development of Cobb angle of the fused segments during

follow-up. Preop preoperative, Postop postoperative

Table 3 Clinical and

radiologic outcomes
Group A (Zero-P) Group B (plate and cage) P

JOA score

Preop 9.1 ± 0.7 8.9 ± 1.6 0.843

Postop 13.1 ± 1.7a 12.9 ± 0.8b 0.878

NDI score

Preop 12.4 ± 2.2 12.7 ± 3.1 0.802

Postop 5.5 ± 1.1c 5.4 ± 1.9d 0.623

C2–7 Cobb angle (�)
Preop ?9.2 ± 3.4� ?10.3 ± 2.9� 0.185

Postop ?20.4 ± 2.2� ?21.3 ± 3.2� 0.170

Final follow-up ?15.2 ± 2.3� ?16.3 ± 3.3� 0.126

Cobb angle of fused segments (�)
Preop ?2.9 ± 2.7� ?2.7 ± 3.3� 0.852

Postop ?9.0 ± 1.2� ?9.5 ± 1.6� 0.136

Final follow-up ?7.8 ± 1.9� ?8.3 ± 1.1� 0.063

Dysphagia

48 h 21.6 % (8/37) 31.3 % (10/32) 0.364

2 months 5.4 % (2/37) 25.0 % (8/32) 0.037*

6 months 0 % (0/37) 15.6 % (5/32) 0.018*

Fusion rate (%)

6 months 91.9 % (34/37) 93.8 % (30/32) 1.00*

Final follow-up 100 % 100 %

Adjacent segment degeneration 5 7 0.361

Mean ± standard deviation

Statistically significant differences existed between NDI and JOA scores between pre- and postoperatively

in the two groups

JOA Japanese Orthopaedic Association, NDI Neck Disability Index, Postop postoperative, Preop

preoperative
a P\ 0.05
b P\ 0.05
c P\ 0.05
d P\ 0.05

* P value was determined by Fisher’s exact test
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reported most frequently [13, 19]. Direct contact with the

esophagus is a possible cause of postoperative dysphagia,

whose incidence is reported to be as high as 30 % during

the first 3 months after surgery [13]. Although the stand-

alone interbody cage technique was devised to avoid this

problem [11, 20], unanchored cage subsidence and seg-

mental kyphosis sometimes develop in the treated segment.

Jagannathan et al. [21] reported a relatively lower inci-

dence of dysphagia in their series of ACDF without a plate:

only 9 % of their patients had dysphagia during the post-

operative period, with only 3 % of patients complaining of

dysphagia at the 3-month follow-up.

The Zero-P spacer ensures less contact with the anterior

soft tissue, especially the esophagus, which may avoid

mechanical irritation [22]. In our study, the Zero-P group

had a lower incidence of dysphagia (5.4 %) at the 2-month

follow-up, whereas the incidence was higher (25.0 %) in

the plate-and-cage group (p = 0.037). At the 6-month

follow-up, none of the Zero-P group patients complained of

dysphagia, whereas five patients in the traditional plate

group continued to suffer from mild dysphagia

(p = 0.018). Based on this study, the Zero-P spacer is as-

sociated with a lower incidence of dysphagia than the

plate-and-cage group, a finding also reported by others [16,

23].

At the mean time, the average thickness of prevertebral

soft tissue in both groups increased significantly at 48 h

postoperatively. We consider it is probably the preverte-

bral soft tissue edema and inflammation due intraop-

erative manipulation (e.g., retraction of the esophagus)

that lead to the symptom, so the rate of dysphagia be-

tween the two groups was comparable at this time point.

As time goes by, the swollen condition of the prevertebral

soft tissue gradually improved. The rate of dysphagia in

both groups decreased at 2 months and 6 months com-

pared to 48 h postoperatively. However, in addition to

having a higher rate of postoperative dysphagia at

2 months, five patients (15.6 %) in the plate group still

complained of mild dysphagia at the 6-month follow-up.

We consider that with the swollen condition improved,

the direct contact with the esophagus would cause the

mechanical irritation. So, we may conclude that a plate of

certain thickness combined with soft tissue-swollen con-

dition would be the possible cause of postoperative dys-

phagia. The direct contact with the esophagus would

cause the mechanical irritation which may contribute to

dysphagia after 2 months postoperatively.

The Zero-P spacer implant can avoid the possible irri-

tation [24] against the adjacent segment caused by a plate,

which is regarded as a predisposing factor [25] of adjacent

segment degeneration (ASDeg). Goffin et al. [26] sug-

gested that the shortest plate possible be used to avoid

intrusion into the adjacent segments. Others [27] have

asserted that a surgeon performing anterior cervical dis-

cectomy and fusion should try to achieve a plate-to-disc

distance of C5 mm. In the present study, seven patients in

the traditional plate group developed ASDeg, and we

Table 4 Prevertebral soft tissue thickness comparison

Time point Group A Group B P

Preop 9.62 ± 1.77 9.85 ± 1.32 NS

Postop

48 h 11.26 ± 2.81a 12.42 ± 2.46b 0.048

2 m 10.43 ± 1.65c 11.15 ± 1.82d 0.033

6 m 10.12 ± 1.71 10.34 ± 1.45 NS

Statistically significant differences existed between pre- and postop-

eratively in the two groups

NS not significant
a P\ 0.05
b P\ 0.05
c P\ 0.05
d P\ 0.05

Fig. 4 The 57-year-old male patient who had undergone two-level

ACDF using the traditional plate. The lateral X-ray image showed

new anterior osteophyte had formed from the tip of the plate to the

upper adjacent level at the 3-year follow-up

1670 Eur Spine J (2015) 24:1666–1672

123



assumed that ASDeg in one patient was associated with

mechanical irritation by the plate. New anterior osteo-

phytes had formed from the tip of the plate to the adjacent

level, and MRI revealed disc degeneration (Figs. 4, 5).

Compared to traditional plates, the Zero-P spacer is con-

tained within the disc space, thereby fundamentally

avoiding the possible complications associated with plate

insertion. At the last follow-up, none of our patients re-

quired surgical intervention. In future, we will continue to

investigate and further assess whether the Zero-P device

contributes to lowering the incidence of ASDeg and the

need for revision surgery.

Conclusions

The primary clinical and radiographic efficacies of the

Zero-P spacer used for two-level ACDF proved satisfac-

tory. Its use avoids the possible complications caused by

plate insertion and is associated with a lower incidence of

postoperative dysphagia. Prospective randomized trials

with more patients and longer follow-up are needed to

confirm these observations.
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