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Abstract A variety of bone graft substitutes, interbody

cages, and anterior plates have been used in cervical

interbody fusion, but no controlled study was conducted on

the clinical performance of b-tricalcium phosphate (b-

TCP) and the effect of supplemented anterior plate fixation.

The objective of this prospective, randomized clinical

study was to evaluate the effectiveness of implanting

interbody fusion cage containing b-TCP for the treatment

of cervical radiculopathy and/or myelopathy, and the

fusion rates and outcomes in patients with or without

randomly assigned plate fixation. Sixty-two patients with

cervical radiculopathy and/or myelopathy due to soft disc

herniation or spondylosis were treated with one- or two-

level discectomy and fusion with interbody cages con-

taining b-TCP. They were randomly assigned to receive

supplemented anterior plate (n = 33) or not (n = 29). The

patients were followed up for 2 years postoperatively. The

radiological and clinical outcomes were assessed during a

2-year follow-up. The results showed that the fusion rate

(75.0%) 3 months after surgery in patients treated without

anterior cervical plating was significantly lower than that

(97.9%) with plate fixation (P \ 0.05), but successful bone

fusion was achieved in all patients of both groups at 6-

month follow-up assessment. Patients treated without

anterior plate fixation had 11 of 52 (19.2%) cage

subsidence at last follow-up. No difference (P [ 0.05) was

found regarding improvement in spinal curvature as well as

neck and arm pain, and recovery rate of JOA score at all

time intervals between the two groups. Based on the find-

ings of this study, interbody fusion cage containing b-TCP

following one- or two-level discectomy proved to be an

effective treatment for cervical spondylotic radiculopathy

and/or myelopathy. Supplemented anterior plate fixation

can promote interbody fusion and prevent cage subsidence

but do not improve the 2-year outcome when compared

with those treated without anterior plate fixation.
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Introduction

Anterior cervical discectomy and fusion is considered to be

the gold standard for the treatment of symptomatic

degenerative disc disease. Different interbody fusion

techniques have been proposed in order to restore the

physiological height of the intervertebral space and lordo-

sis of the cervical spine after removal of the offending disc

and osteophytes [8, 21]. The autograft is the most com-

monly used fusion material [4, 18].

Interbody fusion cages have been developed to avoid the

complications related to bone harvesting from the donor

site while increasing immediate stability of the cervical

spine after decompression and promoting bony fusion [3,

12, 17] Some authors [1, 6] recommended the use of

anterior cervical fusion with cage containing bone substi-

tutes. Satisfactory results were obtained regarding the

fusion rates although fusion was delayed as compared with

that in a cage containing autograft [6].
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The present study was undertaken to evaluate prospec-

tively the effectiveness of implanting interbody fusion

cages containing b-tricalcium phosphate (b-TCP) for the

treatment of cervical radiculopathy and/or myelopathy.

Another purpose of this study was to evaluate the fusion

rates and outcomes in patients with or without randomly

assigned plate fixation.

Materials and methods

Patient population

This prospective study was approved by the Institutional

Review Board of our institution. Between January 2001

and December 2004, a consecutive series of 62 patients

participated in the study. These patients with progressive

upper extremity radicular symptoms and/or myelopathy

resulting from cervical degenerative disc disease under-

went one- to two-level discectomy at contiguous levels

from C3–4 to C6–7 for soft disc herniation or spondylosis.

The exclusion criteria were that the patient had more than

two level developmental stenosis of the cervical spine,

continuous or combined ossification of the posterior lon-

gitudinal ligament, prior cervical spine surgery, and

significant comorbidities associated with poor general

health.

There were 40 men and 22 women, with an average age

of 45.3 years (range 29–65 years). In all patients, the

diagnostic work-up included clinical examination, con-

ventional and lateral flexion/extension plain radiography of

the cervical spine, and magnetic resonance imaging (MRI).

All these patients had disease duration of at least 1 month,

with the similar average in both groups (11.4 ± 8.2 months

vs. 10.7 ± 10.0 months). After informed consent was

obtained, the patients were randomized to receive interbody

fusion cage augmented with or without anterior plate fixa-

tion. Patient characteristics are summarized in Table 1.

Surgical technique

General inhalation anesthesia was used in all patients. All

operations were performed by either of the two authors.

After a standard right-sided anterior approach to the cer-

vical spine was performed as described by Smith and

Robinson, the disc space was opened and distraction was

applied using a Caspar distractor. A discectomy was per-

formed with or without posterior osteophytectomy as

needed but the subchondral bone was preserved carefully.

The posterior longitudinal ligament was opened and the

neural structure decompressed with the dura, and the origin

of the nerve roots visualized in all cases.

Instrumentation

The interbody fusion was performed with carbon fiber (43

levels in 27 patients) or PEEK (56 levels in 35 patients)

cages containing granulated b-TCP under fluoroscopy.

After the cage was implanted, anterior plate fixation was

either added or not as randomly assigned before surgery.

The correct position was checked by anteroposterior and

lateral views of plain radiography before wound closure.

After the surgery, all patients were immobilized with a

rigid cervical collar for 4–6 weeks.

Outcome measurements

Radiographic evaluation

An independent observer evaluated the preoperative and

postoperative radiographs including standard and flexion–

extension views before, immediately, and 3, 6, 12, and

24 months after surgery. Subsidence or immigration as

defined by Gercek et al. [11] was assessed on the lateral

radiographs. Fine-cut computed tomography scan was done

3 months after surgery and then at the 3-month interval

months until fusion was complete, with the fusion defined

as the presence of continuous trabeculae within the cage in

combination with the disappearance of the bone borders

around the cages and motion upon the cage and/or plate on

flexion–extension radiographs. The overall and segmental

lordosis or kyphosis at the surgical level was measured

with Cobb method on the lateral radiographs.

Table 1 Baseline characteristics of 62 patients who underwent

anterior cervical discectomy and fusion with cage containing trical-

cium phosphate

Baseline characteristic With plating Without plating

Patient number 33 29

Age (years) 29–64 32–65

Gender (female/male) 14/19 8/21

Smokers 8 5

Pathology

Radiculopaty 7 6

Myelopathy 11 13

Radiculomyelopathy 16 10

Surgical level

One level 14 11

Two levels 19 18

Duration of symptoms (months) 1–36 3–36

JOA score 7–12 6–12

Neck pain (VAS) 0–9 0–8

Arm pain (VAS) 0–8 0–9
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Clinical evaluation

The neurological outcomes, both preoperatively and at

discharge, 3, 6, 12, and 24 months after surgery, in both

groups were measured according to their Japanese Ortho-

pedic Association (JOA) score [13] (Table 2). The

recovery rate of JOA score was calculated according to the

formula: recovery rate (%) = postoperative score - pre-

operative score/17 - preoperative score 9 100. A

10-point visual analogue scale (VAS) with endpoint

anchors of ‘‘no pain (0)’’ and ‘‘worst possible pain (10)’’

was used to rate the neck or arm pain before surgery and at

each follow-up visit.

Statistical analysis

The unpaired Student’s t test or Chi-square test was used

for comparison of the results between the two groups, and

paired t test or repeated measures ANOVA followed by

Newman–Keuls–Student test for comparison of the results

between time points. Significance was set at the level of

P \ 0.05.

Results

The average operative time was 49 min (range 40–67 min)

for one-level and 93 min (range 85–100 min) for two-level

procedures. Patients treated with anterior cervical plating

had longer operative time than those without plate fixation

(77 ± 16 vs. 54 ± 18 min, P \ 0.05), but no statistical

significance (P [ 0.05) with respect to blood loss or hos-

pital stay was noted between the two groups. All patients

were followed up for 2 years. There were no early or late

implant-related complications, and no additional surgeries

were required for any cause in both groups.

The fusion rate 3 months after surgery was 98.1%

(51/52) for the 33 patients treated with anterior cervical

plating (Figs. 1 and 2) and 72.3% (34/47) for the 29

patients treated without plate fixation, respectively. The

difference was statistically significant (v2 = 13.467,

P \ 0.05). Thereafter, successful bone fusion was achieved

in all patients of both groups at 6-month follow-up

assessment. Superior and/or inferior cage immigration into

the endplates was demonstrated on the radiographs of 10 of

47 levels (21.2%) in 33 patients treated without anterior

plating at last follow-up, but there was no case of cage

immigration in any patients who received plate fixation

(v2 = 12.307, P \ 0.05). Neither anterior nor posterior

immigration of the cage was noted in any patients of both

the groups.

The average overall and segmental lordosis before sur-

gery was 11.7 ± 7.8� (range -8.4 to 20.5�) and 0.8 ± 2.7�

(range -5.0 to 3.1�) in patients with plate fixation, and

12.4 ± 8.2� (range -7.6 to 16.3�) and 1.0 ± 3.2� (range

-5.2 to 4.3�) in patients without plating, respectively. At

the final follow-up, the lordosis angle was significantly

(P \ 0.05) improved to 15.0 ± 4.7� (range -2.5 to 21.0�)

and 3.2 ± 4.6� (range -1.8 to 4.2�) in patients with plate

fixation, and 14.3 ± 8.2� (range -7.6 to 16.3�) and

3.8 ± 4.8� (range -1.5 to 4.8�) in patients without plating,

respectively. There were no significant differences

(P [ 0.05) between groups. The kyphotic deformity was

corrected in 17 of 20 patients (Table 3), and no iatrogenic

cervical deformity was noted in any patient at the final

follow-up examination.

The preoperative average JOA score was 8.1 ± 2.7

(range 7–12) points in patients with plate fixation, and

7.8 ± 2.4 (range 6–12) points in patients without plating,

respectively. At final follow-up, the average JOA score

improved to 14.3 ± 2.7 (range 11–17) points in patients

with plate fixation and 13.8 ± 1.9 (range 9–16) points in

patients without plating (Fig. 3). The average recovery rate

was 70.1% in patients with plate fixation and 72.4% in

patients without plating (Fig. 4). There were no significant

differences (P [ 0.05) when comparing the JOA scores

and recovery rate between groups at all time intervals and

between one-level and two-level fusion. In the two groups,

the average postoperative neck or arm pain as measured by

VAS showed significant relief (P \ 0.05) when compared

with the preoperative score (Figs. 5 and 6), but no signif-

icant difference of the VAS was observed between the two

groups (P [ 0.05).

Discussion

Subsidence and/or immigration of stand-alone cervical

interbody fusion cage have been reported in the literature

[2, 11, 19] although the cortical endplates are preserved

with great care. Payer et al. [19] noted secondary loss of

intervertebral height (C2 mm) due to cage subsidence in 4

of 20 (20%) patients who received anterior fusion with a

cervical interbody cage, whereas Bartel et al. [2] found that

nearly 30% of the cages experienced a subsidence into the

vertebral body at 6 weeks postoperatively. However, no

association was noted between cage subsidence and fusion

rate or clinical outcome in the two series. Gercek et al. [11]

identified five cage subsidence in nine patients who

received cage implantation for cervical fusion, and one of

them broke during the follow-up period and led to sub-

sequent foraminal stenosis and recurrent radiculopathy.

Cage subsidence has been regarded as a result of

instability created by the discectomy and the postoperative

cervical motion. Wilke et al. [14, 27] investigated the effect

of simulated postoperative neck movements on cage
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subsidence by using a cyclic testing protocol, and found

that cyclic loading would lead to cage subsidence into the

adjacent vertebrae and that the relation between flexibility

increase and subsidence would depend upon the implant

design. Shimamoto et al. [25], in an in vitro biomechanical

study, evaluated the immediate stability afforded by stand-

alone interbody fusion cage in the cervical spine and

concluded that the cervical interbody fusion cage should be

Table 2 Scoring system for

cervical myelopathy proposed

by the Japanese Orthopaedic

Association (JOA Score)

A. Motor function

I. Fingers

0 = Unable to feed onese1f with any tableware including chopsticks, a spoon or fork, and/or unable to

fasten buttons of any size

1 = Can manage to feed oneself with a spoon and/or a fork but not with chopsticks

2 = Either chopstick-feeding or writing is possible but not practical, and/or large buttons can be fastened

3 = Either chopstick-feeding or writing is clumsy but not practical, and/or cuff buttons can be fastened

4 = Normal

II. Shoulder and elbow (evaluated by MMT score of the deltoid or biceps muscles, whichever is weaker)

-2 = MMT 2 or below

-1 = MMT 3

-0.5 = MMT 4

0 = MMT 5

III. Lower extremity

0 = Unable to stand up and walk by any means

0.5 = Able to stand up but unable to walk

1 = Unable to walk without a cane or other support on a level

1.5 = Able to walk without a support but with a clumsy gait

2 = Walks independently on a level but needs support on stairs

2.5 = Walks independently when going upstairs, but needs support when going downstairs

3 = Capable of fast walking but clumsily

4 = Normal

B. Sensory function

I. Upper extremity

0 = Complete loss of touch and pain sensation

0.5 = 50% or below of normal sensation and/or severe pain or numbness

1 = Over 60% of normal sensation and/or moderate pain or numbness

1.5 = Subjective numbness of a slight degree without any objective sensory deficit

2 = Normal

II. Trunk

0 = Complete loss of touch and pain sensation

0.5 = 50% or below of normal sensation and/or severe pain or numbness

1 = Over 60% of normal sensation and/or moderate pain and numbness

1.5 = Subjective numbness of a slight degree without any objective sensory deficit

2 = Normal

III. Lower extremity

0 = Complete 1oss of touch and pain sensation

0.5 = 50% or below of normal sensation and/or severe pain or numbness

1 = Over 60% of normal sensation and/or moderate pain or numbness

1.5 = Subjective numbness of a slight degree without any objective sensory deficit

2 = Normal

C. Bladder function

0 = Urinary retention and/or incontinence

1 = Sense of retention and/or incontinence dribbling and/or thin stream and/or incomplete continence

2 = Urinary retardation and/or pollakiuria

3 = Normal
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supplemented with the addition of external or internal

supports. However, the role of external support remains

questionable [12, 15]. Addition of anterior plate fixation at

the level with interbody cage has been recommended to

promote successful fusion [7, 22].

In the present study, we prospectively compared the

clinical and radiological outcomes of anterior cervical

fusion with interbody cage containing b-TCP following

one- to two-level discectomy in the treatment of patients

with radiculopathy, myelopathy, or a combination of both

due to soft disc herniation or spondylosis. All patients

included in this study were randomly assigned to either

receive anterior plate fixation or not. The results showed

that the fusion rate 3 months after surgery was significantly

higher in patients treated with anterior cervical plating than

those treated without plate fixation, thus suggesting sup-

plemented anterior plate fixation would promote interbody

fusion in one- and two-level anterior cervical discectomy

and fusion with interbody cages containing b-TCP by

providing more stability immediately after surgery. The

difference of fusion rate between the two groups was

Fig. 1 CT scan with sagittal reconstruction, 3 months after one-level

interbody fusion surgery, showing successful fusion

Fig. 2 CT scan with sagittal reconstruction, 3 months after two-level

interbody fusion surgery, showing successful fusion

Table 3 Changes of spinal curvature in 62 patients who underwent

anterior cervical discectomy and fusion with cage containing trical-

cium phosphate

Spinal curvature With plating

(n = 33)

Without plating

(n = 29)

Before surgery

Lordosis 13 11

Straight 11 7

Kyphosis 9 11

Final follow-up

Lordosis 25 23

Straight 7 4

Kyphosis 1 2

Fig. 3 Time course of JOA score preoperatively, at discharge, and at

3, 6, 12, and 24 months after interbody fusion cage containing b-TCP

supplemented with or without anterior plate fixation. Values are

presented as the means ± SDs. The difference between the preoper-

ative and postoperative values was significant (P \ 0.05) at all

follow-up time points. There was no significant difference (P [ 0.05)

between both groups at all time points
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observed only at 3-month follow-up after surgery. How-

ever, at 6-month follow-up assessment, all patients of both

groups achieved interbody fusion.

Whether the delay in interbody fusion for the cases

without anterior plate fixation was related to clinical and

radiological outcome was also evaluated in this study. As

the results show, we did not identify any difference of

improvement in spinal curvature or neck and arm pain, or

recovery rate of JOA score between the two groups. These

findings indicate that supplemented anterior plate fixation

might be not necessary in one- and two-level anterior

cervical discectomy and fusion with interbody cage con-

taining b-TCP despite cage subsidence and delayed

interbody fusion. Also, use of interbody cage without

supplemented anterior plate fixation would be cost-

effective.

Bone substitutes, such as calcium phosphate ceramics,

have been used as alternatives to autogenous bone graft in

spinal fusion surgery. The possibility of using these bio-

materials in cervical interbody fusion has been investigated

in animal models and in clinical practice [9, 20, 26], but

there is a lack of literature regarding the use of b-TCP for

cervical interbody fusion. Being more degradable and bi-

oresorbable in vivo than hydroxyapatite, b-TCP might be

replaced faster by the new bone but weak in mechanical

strength when load-bearing capacity is regarded. Xie et al.

[28] reported a failed case of anterior cervical interbody

fusion with a stand-alone dense b-TCP block and suggested

special design for the bioceramic to assure bone ingrowth

and meet the mechanical requirements in cervical inter-

body fusion. In the current series, interbody cages were

used to contain granulated b-TCP. The advantage would be

that they could provide immediate stability and share the

load on bone substitutes to prevent collapse. The results

were comparable with those reported by some authors [1,

6, 16] who used other calcium phosphate ceramics. Addi-

tionally, the ample blood supply might be another reason

for successful interbody fusion.

The current study had limitations: no comparison was

made with autograft that was regarded as the gold standard

for interbody fusion. However, another study of ours [10]

has shown that use of b-TCP combined with local autograft

Fig. 4 Time course of the recovery rate of JOA score preoperatively,

at discharge, and at 3, 6, 12, and 24 months after interbody fusion

cage containing b-TCP supplemented with or without anterior plate

fixation. Values are presented as the means ± SDs. The difference

between the preoperative and postoperative values was significant

(P \ 0.05) at all follow-up time points. There was no significant

difference (P [ 0.05) between both groups at all time points

Fig. 5 Time course of neck pain as assessed with VAS preopera-

tively, at discharge, and at 3, 6, 12, and 24 months after interbody

fusion cage containing b-TCP supplemented with or without anterior

plate fixation. Values are presented as the means ± SDs. The

difference between the preoperative and postoperative values was

significant (P \ 0.05) at all follow-up time points. There was no

significant difference (P [ 0.05) between both groups at all time

points

Fig. 6 Time course of arm pain as assessed with VAS preoperatively,

at discharge, and at 3, 6, 12, and 24 months after interbody fusion

cage containing b-TCP supplemented with or without anterior plate

fixation. Values are presented as the means ± SDs. The difference

between the preoperative and postoperative values was significant

(P \ 0.05) at all follow-up time points. There was no significant

difference (P [ 0.05) between both groups at all time points
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for spine fusion would result in the same radiographic

fusion rates and similar improvement of clinical outcomes

and life quality compared with autograft alone. Successful

bone fusion was achieved in all patients of this series. The

satisfactory results also suggested that the use of bone

substitutes would eliminate bone grafting harvesting and

the related complications. Another limitation of this study

might be that two different fusion cages were used, but no

impact of cage design and material was observed on the

occurrence and degree of cage subsidence.

Assessment of interbody fusion remains a challenging

problem. As the criteria to determine radiological fusion is

not well defined and universally accepted, it is often dif-

ficult to arrive at a true assessment of fusion based on plain

radiography particularly when interbody fusion cages are

used. Fine-cut CT scans with reconstructions have been

shown to be more reliable and sensitive for the detection of

pseudarthrosis than plain radiography [5, 23, 24]. In the

current study, the fusion status was assessed using fine-cut

CT scans with reconstructions in addition to static and

flexion–extension radiography. According to the results of

this study, we suggest CT scans for the evaluation of fusion

status when interbody fusion cages are used.

Conclusion

In summary, interbody fusion cage containing b-TCP fol-

lowing one- or two-level discectomy proved to be an

effective treatment for cervical spondylotic radiculopathy

and/or myelopathy. Supplemented anterior plate fixation

can increase the fusion rate and prevent cage subsidence

but did not improve the 2-year outcome when compared

with those treated without anterior plate fixation.
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