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Abstract

Purpose To determine the role of dynamic cervical

implant (DCI) replacement for single-level degenerative

cervical disc disease in Chinese patients.

Methods Thirty patients with single-level degenerative

cervical disc disease were prospectively enrolled between

April 2010 and August 2010 (12 women, 18 men; mean

age 56.5 years). All patients underwent anterior cervical

decompression, DCI replacement, clinical and radiological

assessments preoperatively and at 1, 6, 12, and 24 months

postoperatively, and Japanese Orthopaedic Association

(JOA), Visual Analogue Scale (VAS), Neck Disability

Index (NDI), and Short Form 36 (SF-36) scores. Lateral

neutral radiographs provided the intervertebral space

height. Lateral dynamic radiographs were taken to measure

the range of motion (ROM) of the cervical spine and

functional spinal unit (FSU) of the treated segment. We

compared the amount of motion of the adjacent vertebral

endplate and the intrinsic motion of the implant and cal-

culated a correlation analysis.

Results DCI showed good clinical and radiographic

outcomes. At the final follow-up, JOA, VAS, NDI, and SF-

36 average scores improved significantly. The interverte-

bral space height increased slightly after operation and was

maintained during follow up. The ROM of the cervical

spine and FSU decreased at early follow-up, but recovered

to the preoperative level within 1–2 years. There was a

high index of linear correlation between the motion of the

adjacent vertebral endplate and the intrinsic motion of the

implant.

Conclusions DCI provided elastic dynamic stability for

the targeted segment, and restored and sustained inter-

vertebral space height and ROM of the cervical spine.

Keywords Dynamic cervical implant � Degenerative

cervical disc disease � Clinical outcome � Radiographic

outcome

Introduction

Anterior cervical decompression and fusion (ACDF) is the

traditional method for treating degenerative cervical disc

disease, providing satisfactory results in a high proportion

of patients [1–3]. However, stabilization of the treated

segment may result in loss of mobility as a functional

spinal unit and acceleration of degeneration of the adja-

cent disc [4–6]. Reoperations may be required to treat

complications of fusion, such as recurrent radicular

symptoms, nonunion, graft collapse, or expulsion [7–9].

Therefore, it is ideal to achieve functional reconstruction

of the treated segment to restore physiological motion

after surgery [10]. Dynamic cervical implant (DCI)

replacement (Fig. 1), as a cervical non-fusion technique,

may offer a solution [11]. Currently, few reports of the

clinical outcomes of DCI replacement in Asian patients

appear in the English literature. Therefore, we performed

a prospective study on DCI replacement for the treatment

of single-level degenerative cervical disc disease in Asian

patients.
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Materials and methods

Patients

This was a prospective and non-randomized study. Between

April 2010 and August 2010, 30 patients with single-level

degenerative cervical disc disease in our department were

enrolled, including 12 women (40 %) and 18 men (60 %)

with a mean age of 56.5 years (range 36–78 years). The

degenerative disc was located at C3–4 in 4 cases, C4–5 in 8,

C5–6 in 12, and C6–7 in six. Simple degenerative disc

herniation was found in 13 cases, which caused soft com-

pression of the spinal cord or nerve root. Degenerative disc

herniation combined with posterior osteophyte formation

was found in 17 cases, which caused hard compression of

the spinal cord or nerve root and segmental spinal canal

stenosis. Eighteen patients had myelopathy and 14 patients

had radiculopathy. Major symptoms of myelopathy inclu-

ded hand numbness, limb weakness, gait instability, and

hyperreflexia. Major symptoms of radiculopathy included

radicular pain in one arm, and sensory deficit or weakness of

one upper extremity. All patients were evaluated using a

visual analogue scale (VAS), Japanese Orthopaedic Asso-

ciation scale (JOA), the neck disability index (NDI), and the

short form 36 (SF-36) before operation.

Inclusion criteria

Eligible patients were at least 18 years old with radicu-

lopathy or myelopathy from single-level cervical disc

herniation (C3–C7), and they had not responded to at least

4 weeks of non-operative treatment.

Exclusion criteria

Exclusion criteria included segmental instability, marked

reduction or absence of intervertebral motion, facet joint

arthrosis, marked spondylosis, cervical kyphosis, active

infection, osteoporosis, diabetes mellitus, inflammatory

spondyloarthropathies such as ankylosing spondylitis or

rheumatoid arthritis, known allergy to titanium, and pre-

vious cervical spine surgery.

Operative technique

The surgical technique included the use of a conventional

anterior cervical approach and discectomy. The patients

were placed in the supine position with the neck

approaching physiological lordosis. Discectomy was per-

formed using a standard anterior cervical approach. After

finishing the burring process of the vertebral body cartilage

endplates at the treated disc space, the osteophyte located

at the posterior edge of the vertebral body was completely

resected. If the posterior longitudinal ligament was rup-

tured, it was excised and the sequestered disc completely

removed to achieve better decompression of patients with

myelopathy. Finally, a matching DCI was chosen and

implanted under X-ray monitoring (Fig. 2). During the

implant process, the location of the DCI was very impor-

tant. The distance between the anterior/posterior edge of

the DCI and the vertebral body endplates should be con-

trolled to within 2–3 mm, and the lateral boundary of the

DCI should not exceed the Luschka joint (Figs. 3, 4).

Fig. 1 Photograph of the dynamic cervical implant

Fig. 2 Insertion of the DCI with a specifically designed impactor

Eur Spine J (2014) 23:1680–1687 1681

123



Postoperative management

Drainage tubes were removed from the wound 24 h after

operation, with all patients maintaining bed rest for that

period. A cervical collar was used for the first week to help

soft tissue healing and relieve pain. All patients were then

permitted to begin physiological action of the cervical

spine during daily life. Frontal and lateral, flexion–exten-

sion radiographs of the cervical spine were taken at 1, 6,

12, and 24 months after operation. Three-dimensional

computed tomography (CT) views of the cervical spine

were taken at 12 and 24 months after operation. VAS, JOA

score, NDI, and the SF-36 assessments were completed at

the same four follow-up points.

Radiographic measurements

The location of the DCI and the intervertebral height were

observed on lateral neutral radiographs. The range of

motion (ROM) of the cervical spine, the FSU of the treated

segment, and the DCI itself were observed on lateral

dynamic radiographs, postoperatively. The intervertebral

height was measured by the distance from the midpoint of

the upper endplate of the upper vertebral body to the

midpoint of the lower endplate of the lower vertebral body.

ROM was measured using the Cobb method (Figs. 5, 6).

CT scans were evaluated for signs of prosthesis subsidence

or extrusion, heterotopic ossification (HO), or spontaneous

fusion. An independent radiologist and surgeon not par-

ticipating in the operation analyzed the radiographs to

determine the intervertebral height and the range of

motion.

Results

Clinical outcomes

All patients underwent DCI replacement and there were no

deaths, infections, or iatrogenic damage. A total of 30 DCIs

were implanted for 30 patients with single-level cervical

disc herniation. The postoperative follow-up ranged from

24 to 28 months (average 25.6 months).

The average intraoperative blood loss was 52.5 ±

7.8 mL (range 30–75 mL); the average operation time was

68.2 ± 5.4 min (range 55–85 min); and the average hos-

pitalization time was 7.5 ± 1.8 days (range 5–11 days).

All patients showed significant improvement in neuro-

logical symptoms. The average JOA score before operation

was 8.3 ± 1.2, with an average score of 11.8 ± 0.9 at

1 month, 15.2 ± 0.6 at 12 months, and 15.4 ± 0.7 at

24 months postoperatively. All differences were statisti-

cally significant (p \ .05, paired t test) except between 12

and 24 months postoperatively (p [ .05, paired t test). The

average VAS score decreased from 7.8 ± 0.6 preopera-

tively to 4.2 ± 0.8 at 1 month, 2.1 ± 0.5 at 12 months,

and 2.0 ± 0.3 at final follow-up. All differences were

statistically significant (p \ .05, paired t test) except

between 12 and 24 months, postoperatively (p [ .05,

paired t test). The NDI was 42.5 ± 3.8 preoperatively,

35.8 ± 4.2 at 1 month, 26.4 ± 2.5 at 12 months, and

Fig. 3 Diagram of a suitable location for the DCI

Fig. 4 Photograph of the DCI during operation
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19.4 ± 3.1 at final follow-up. All differences were statis-

tically significant between preoperative values and at 1, 6,

12, and 24 months, postoperatively (p \ .05, paired t test).

The mean SF-36 physical component summary score

increased from 29.5 ± 3.3 to 46.7 ± 4.5 and the mean

mental component summary scores increased from

35.8 ± 3.6 to 51.5 ± 2.8 at final follow-up. All differences

were statistically significant (p \ .05, paired t test) except

between 6, 12, and 24 months, postoperatively (p [ .05,

paired t test).

Radiographic analysis

Elastic stabilization was achieved for all implanted DCIs;

dynamic radiographs showed no instability at all treated

levels; the distance between the edge of the vertebral body

and the edge of the DCI showed no change during the

24 months follow-up; and no significant osteophyte

development occurred on the posterior edge of the

Fig. 5 Diagram of the measurement method of the intervertebral height (h), ROM of the cervical spine (a ? b), and the ROM of the FSU

(c ? d)

Fig. 6 Diagram of the measurement method of the intrinsic motion

of the DCI (a ? b)

Fig. 7 Dynamic X-ray of the cervical spine at 24-months follow up

(flexion–extension)
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vertebral body (Figs. 7, 8). No resorption at the surface of

the vertebral body or endplate collapse was observed in any

patient. No patient had HO or spontaneous fusion at the

implanted level and no prosthesis subsidence, rupture, or

extrusion was found on 12- and 24-month CT images

during the follow-up (Fig. 9).

The average intervertebral height was 35.4 ± 4.8 mm

preoperatively; 38.8 ± 4.2 mm at 1 month postopera-

tively; 38.7 ± 4.1 mm at 12 months postoperatively; and

38.6 ± 3.2 mm at the final follow-up on the lateral radio-

graphs. No differences were statistically significant

(p [ .05, paired t test).

ROM of the cervical spine was 68.2� ± 4.8� preopera-

tively; 59.5� ± 5.4� at 1 month postoperatively; 69.6 ±

5.3� at 12 months postoperatively; and 69.3� ± 3.8� at

24 months postoperatively. The ROM decreased at the

1 month follow-up (p \ .05, paired t test), but recovered to

the preoperative level at the final follow-up (p [ .05,

paired t test).

ROM of the FSU of the treated segment was

12.2� ± 2.5� preoperatively; 9.5� ± 2.3� 1 month postop-

eratively; 13.1� ± 2.1� at 12 months postoperatively; and

13.6� ± 1.7� at 24 months postoperatively. The ROM of

the FSU decreased at the 1 month follow-up (p \ .05,

paired t test), but recovered to the preoperative level at the

final follow-up (p [ .05, paired t test).

The intrinsic motion (change of form with flexion–

extension) of the implant was 13.0� ± 2.4� at 12 months

postoperatively, and 13.3� ± 1.2� at 24 months postoper-

atively. We compared the amount of motion of the adjacent

vertebral endplate and the intrinsic motion of the DCI and

found no linear correlation (r = 0.983, p = .000)

(Fig. 10).Fig. 8 Dynamic X-ray of the cervical spine at 24-months follow up

(bending phase)

Fig. 9 Three-dimensional CT

scan of the cervical spine at

24-months follow up
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Discussion

Many previous studies have shown that loss of motion at

the fused level is compensated by increased motion at

adjacent segments after ACDF, which induces a high rate

of degenerative change adjacent to the fused segment [4, 9,

12]. Most researchers consider that the effects of ACDF in

adjacent segment degeneration cannot be ignored and that

functional reconstruction is the most desirable process after

anterior cervical decompression, effectively avoiding the

problem of fusion [13–15]. Cervical non-fusion techniques

have increasingly been accepted and applied by spine

surgeons. As a main component of cervical non-fusion

techniques, artificial cervical disc replacement provides

good ROM of the cervical spine [16–18], but high axial

strength, no flexibility, and concussion buffering function

can lead to HO and spontaneous fusion around the treated

segment [19–22]. Therefore, researchers have been work-

ing to develop new cervical non-fusion techniques.

The first DCI was designed by Matgé in 2002 for

treating cervical spondylosis. Paradigm spine introduced

the second generation DCIs in 2005. A U-shaped appear-

ance and axial elasticity are two the most significant

characteristics (Fig. 1). A prospective study by Matgé et al.

in 2009 showed that the clinical efficacy was satisfactory

after DCI replacement in 102 cases of cervical spondylosis

(120 segments) and during a 1-year follow-up, there was

neither device migration nor subsidence [11]. Welke et al.

showed that during flexion–extension, the DCI implant

showed a tendency to stabilize the segment while allowing

some degree of residual mobility and provided an alter-

native to cage-supported fusion, or total disc replacement

in the cervical spine [23]. Anterior cervical decompression

and non-fusion has been performed with DCI on Asian

patients since the end of 2009 and since the beginning of

2010 in our institution, but few clinical reports of DCI

replacement for Asian patients appear in the English lit-

erature. We focused our study on patients with single-level

degenerative cervical disc disease to better exclude some

uncertainties and improve the homogeneity of the research.

All of our patients had significant improvement in

neurological symptoms after surgery. The JOA score (17

points) was 8.3 before operation and increased to 15.4 at

the final follow-up. The NDI was 42.5 preoperatively and

decreased to 19.4 at the final follow-up. The average VAS

score decreased from 7.8 points preoperatively to 1.4

points at final follow-up. Based on these results, we believe

that DCI provided elastic stabilization and restored the

range of motion of the treated level; however, DCI

replacement should not have much influence on the

recovery of neurological function, because neurological

improvement depends mainly on complete anterior

decompression.

Range of motion is an important factor to evaluate the

clinical outcomes of DCIs. We measured the motion of the

DCI on lateral dynamic radiographs (Fig. 6). The average

ROM of the cervical spine was 68.2� preoperatively, and

69.3� at final follow-up. Also, the average ROM at the

treated level was 12.2� preoperatively, and 13.6� at the

final follow-up, suggesting that DCI restored the physio-

logical function of the cervical spine and the surgical

segment. In dynamic stabilization, a secure, tight, and

durable implant/bone interface is crucial because motion

between the implant and bone may lead to long-term

failure. To verify the stability of the implant/bone interface,

we measured the intrinsic motion of the DCI and the

amount of motion of the adjacent vertebral endplates. The

comparison results showed a high index of linear correla-

tion (Fig. 10) suggesting that the implant/bone interface

was stable during flexion–extension of the cervical spine.

Although our results showed that DCI replacement had

good short-term clinical and radiographic outcomes, fur-

ther follow-up is needed to determine the long-term

efficacy.

HO and spontaneous fusion were found during follow-

up in several studies of artificial cervical disc replacement

[24–27], but until recently, there were few reports of how

to prevent these consequences during cervical non-fusion

surgery. Possible reasons for HO include muscle damage

and residual bone dust left at the operative site [28]. We

also consider that a hyperplastic posterior longitudinal

ligament is a possible reason for HO. Resecting the liga-

ment could avoid this issue and achieve better spinal cord

decompression. Therefore, based on our clinical experi-

ence, improvement in surgical technique may play an

effective role in preventing these complications. We

Fig. 10 There is linear correlation between the two variables a the

amount of motion in the vertebral endplate, b intrinsic motion

(flexion–extension) of the implant
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recommend that after resecting the target cervical disc,

posterior osteophytes of the vertebral body, and the

hyperplastic posterior longitudinal ligament should be

resected completely during anterior cervical decompres-

sion and the operative site should be flushed with normal

saline. Equally important, a matching DCI prosthesis as

large as possible should be implanted for the largest contact

area between the DCI and the vertebral endplate. This can

improve immediate elastic stability postoperatively and

avoid bony contact between the adjacent vertebral end-

plates at the treated segment. None of our patients showed

definite spontaneous fusion or HO of the treated segment

during the 2 years of follow-up; therefore, we consider that

resecting posterior osteophytes and the hyperplastic pos-

terior longitudinal ligament, and implanting a matching

DCI are two important methods for preventing spontaneous

fusion and HO.

Despite favorable results, our study has some limita-

tions, including the lack of a control group, limited sample

size, and no measurement of adjacent level intradiscal

pressure and facet joint force. Also, this study aimed to

evaluate the short-term efficiency of DCI, so MRI was not

used as an imaging evaluation measure to observe degen-

erative change of the adjacent segments. The anatomy of

the cervical spine and the motion patterns of the functional

spine units are complicated, and further research is needed

to determine whether DCI can completely restore the

physiological function of the treated segment. The follow-

up time of our study was insufficient to confirm that DCI

rupture would not occur during neck activity and that DCI

replacement would not lead to HO and spontaneous fusion.

Therefore, longer follow-up is needed to determine the

long-term efficacy of DCI replacement.

We conclude that DCI replacement is a safe and effi-

cient option for the treatment of patients with single-level

degenerative cervical disc disease. It provides both elastic

dynamic stability for the target segment, and restores and

sustains intervertebral space height and ROM of the treated

segment and the cervical spine. Longer follow-up is needed

to determine the long-term effects.
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