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Abstract

Purpose Anterior cervical discectomy and fusion
(ACDF) with titanium- or polyetheretherketone (PEEK)-
cage reconstruction is widely used in the treatment of
cervical spondylotic myelopathy (CSM). This study was to
compare outcomes of titanium and PEEK cages in the
treatment of multilevel CSM.

Methods Between November 2002 and December 2004,
a total of 80 patients with 3-level CSM were randomized in
a 1:1 ratio to titanium group and PEEK group. The overall
follow-up period of the patients ranged from 86 to
116 months (average 99.7 months). Clinical and radiolog-
ical results were compared between titanium group and
PEEK group.

Results At the final follow-up, the clinical outcomes
including JOA score, NDI score, and the excellent and
good rates of clinical outcomes in the PEEK group were
better than those in the titanium group. More loss of the
Cobb angles and the intervertebral height was observed in
the titanium group, resulting in the radiological parameters
in the titanium group becoming inferior to the PEEK group
at the final follow-up. Cage subsidence rates were 34.5 and
54 % in the titanium and PEEK groups, respectively.
Fusion was observed in all patients of two groups at the
final follow-up. Two patients presented with cage dislo-
cation without clinical symptoms in the titanium group.
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Conclusions In surgical treatment of multilevel CSM,
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intervertebral height and cervical lordosis, resulting in
better clinical outcomes in the long-term follow-up.
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Introduction

Since Cloward [11] and Smith and Robinson [27] described
anterior cervical discectomy and fusion (ACDF), it has
been widely used as an ideal surgical treatment method for
cervical disc degenerative disorders. Although much
improvement has carried out on this technique, the surgical
outcome depends on decompression of the spinal cord and
nerve roots, stabilization of fused segments, restoration of
intervertebral height and cervical lordsis, as well as
avoidance of complications. Iliac crest grafting has ever
been considered as a gold standard for solid bony fusion,
but the traditional autologous bone graft was reported to
have a high incidence of donor sit complications, including
subcutaneous hematoma, wound infection, and chronic
wound pain [37, 38]. As a solution to these problems,
several kinds of interbody fusion cages have been devel-
oped, which claimed advantages of comparable fusion rate
and no donor complications [4, 7, 20, 31].

Currently, titanium cage and polyetheretherketone
(PEEK) cage are available on the market in China. Each
type of cage has its own characteristics. Titanium cages
have been criticized to produce more cage subsidence due
to higher elasticity modules. Nevertheless, due to structural
properties titanium implants are likely to provide a good
immediate stability and osseointegration, and several
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clinical studies demonstrated successful results after
implantation of titanium cages [15, 16, 30]. PEEK cages
have a modulus of elasticity closely resembling that of
cortical bone, which might lead to advantages in load
sharing and stress distribution. This might result in a lower
subsidence rate with less loss of cervical lordosis [7, 9].

A direct comparison of titanium and PEEK cages in the
treatment of cervical disc degenerative disease is very
rarely found in the literature [21, 22]. Recently, two studies
compared clinical and radiological results of titanium and
PEEK cages, but discrepant results were reported [6, 24].
Cabraja et al. [6] concluded that there was no difference
between titanium and PEEK cages in the treatment single-
level cervical disc degenerative disorders. However, Niu
et al. [24] study showed the PEEK implants are superior in
maintaining cervical interspace height and achieving
radiographic fusion, but the rates of successful clinical
outcomes were comparable between two groups in 1 and
2-level ACDF patients.

To our knowledge, there were no comparative studies on
titanium and PEEK cage in the treatment of multilevel
cervical spondylotic myelopathy (CSM). To compare the
differences in the treatment of multilevel CSM between
titanium and PEEK cages, we prospectively observed the
clinical and radiological results of the patients with 3-level
CSM who had undergone ACDF with titanium or PEEK
cages based on a minimum 7-year follow-up.

Materials and methods
Patient population

This is a prospective, randomized, control clinical study.
Between November 2002 and December 2004, a total of 80
patients who met the selection criteria of this study and
agreed with participation in the randomization process
were recruited for enrollment. The inclusion criteria
included: (1) symptoms of cervical myelopathy and/or
radiculopathy; (2) the cervical spine radiography, CT, and
MRI showed intervertebral disc degeneration and hernia-
tion, and the posterior vertebral body osteophyte formation;
(3) cervical pathology in three consecutive levels; and (4)
no response to at least 6 weeks of conservative treatment.
Those, who presented with significant segmental instabil-
ity, cervical anatomic deformity, ossification of the
posterior longitudinal ligament (OPLL), as well as symp-
tomatic disorders at the other spinal region, were excluded
from the study.

Patients were provided informed consent and random-
ized in a 1:1 ratio to titanium group and PEEK group by
envelope method. The overall follow-up period of the
patients ranged from 86 to 116 months (average
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99.7 months). Among the patients randomized, 20 (25 %)
withdrew from the study. In the titanium group, one patient
died from heart disease, three withdrew from the study
because of neurological diseases, and seven lost corre-
spondence. In the PEEK group, one withdrew form the
study because of operation for thoracic canal stenosis, two
because of neurological diseases, and six lost correspon-
dence (Fig. 1). The demographic data including age, sex,
treated level, preoperative symptoms, smoking status and
diabetes mellitus in each group were summarized in
Table 1.

Operation and device

The surgical technique was similar in both groups. A
standard Smith—Robinson right approach was made to
expose the symptomatic levels. After appropriate exposure
and localization of the disc, a discectomy was performed.
Besides, a local decompression was accomplished via
resection of osteophyte and the posterior longitudinal lig-
ament if necessary. The cartilage endplates were removed
with curettage while the bony endplates were protected.
After decompression, an appropriate sized cage packed
with local decompression bone harvested from the anterior
hypertrophic osteophyte and potential decompression of
the posterior border of vertebral body was implanted as a
stand-alone device. In the titanium group, the titanium box
cage SynCage C (Synthes, Oberdorf, Switzerland) was
used. In the PEEK group, the PEEK box cage (Depuy
Spine, Raynham, MA, USA) was used. Postoperatively, the
patients were encouraged to resume their normal activities
as soon as possible with a soft collar to avoid over-exten-
sion for 6 weeks.

Clinical and radiological evaluation

Clinical outcomes were assessed using the Japanese
orthopedic association (JOA) score, Neck disability index
(NDI) score, and Odom’s criteria (Table 2). The cervical
lordosis was assessed using the Cobb angles of C2—C7 and
operated segments. The former was formed by lines along
the inferior endplate of C2 to inferior endplate of C7 in a
neutral position, and the latter was formed by lines along
the superior endplate of the cephalad vertebral body and
along the inferior endplate of caudal vertebral body of the
operated segments. Lordosis is shown as a positive value
and kyphosis is shown as a negative value (Fig. 2). The
intervertebral height was calculated as the mean value of
the height of the anterior border (AH) and posterior border
(PH) (Fig. 3). Cage subsidence was recorded when the loss
of intervertebral height was over 3 mm (Fig. 4) [3]. Fusion
was considered according to the following accepted crite-
ria: (1) absence of motion between the spinous processes at
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Fig. 1 Flowchart of the study

3-level cervical spondylotic myelopathy

comparing the titanium cage and
PEEK cage

Cervical anatomic deformity
Associate with OPLL
Significant segmental instability
Disorders at other spinal region

Titanium group PEEK group
(n=40) (m=40)
Completed Mortality (n=1) Completed Operation for other spinal diseases (n=2)
(n=29) Neurological disease (n=3) @®=31) Neurological disease (n=1)

Lost in the follow up (n=7)

Lost in the follow up (n=6)

dynamic lateral radiographs, (2) absence of a radiolucent
gap between the graft and endplates, (3) presence of con-
tinuous bridging bony trabeculae at the graft-endplate
interface [14].

Statistical analysis
To correct the intraobserver and interobserver reliability

of the radiological measurements, three experienced
observers were assigned to independently evaluate the

Table 1 Demographic data of patients

Titanium group PEEK group P

Patients, no. 29 31
Age, year 457 +£172 472 £ 6.8 >0.05
Sex
Male 17 16 >0.05
Female 12 15
Active smokers 7 >0.05
Patient with diabetes 4 4 >0.05
Preoperative symptoms
Myelopathic 16 18 >0.05
Radicular 1 1
Combined 12 12
Operated segments
C3-C6 14 18 >0.05
C4-C7 15 13
Follow-up period, mo. 97.2 (86-107) 102.1 (88-116) >0.05

Table 2 Odom criteria

radiographs of the patients. Each of them took measure-
ments three times and mean values were used for statistical
analysis. The changes in clinical and radiological param-
eters in each group after surgeries were analyzed by the
Wilcoxon rank-sum test. The Kruskal-Wallis H test was
used to investigate whether the statistical differences of
results exist among the groups. The > test was used in the
comparisons of the incidences of dysphagia and hetero-
topic ossification between groups. All the statistical tests
were completed by the Statistical Package for Social Sci-
ence software for Windows (Ver. 17.0; SPSS Inc, Chicago,
IL, USA) and the difference was considered to be statisti-
cally significant at the P < 0.05 level.

Results
Clinical outcome

The JOA scores significantly increased from 9.6 + 1.4 to
12.8 £ 1.8 in the titanium group (P < 0.05), from
9.8 £ 1.4 to 14.2 = 1.8 in the PEEK group (P < 0.05),
respectively. The corresponding NDI scores significantly
decreased from 36.2 £ 3.7 to 21.6 & 2.6 in the titanium
group (P < 0.05), from 35.4 £ 3.6 to 15.2 & 2.3 in the
PEEK group (P < 0.05), respectively. According to the
Odom criteria, the percentage of patients with excellent
and good clinical outcomes was 55.2 % in the titanium
group, 74.2 % in the PEEK group, respectively. Although

Grade Definition

Excellent All preoperative symptoms relieved, able to carry out daily occupations without impairment

Good Minimum persistence of preoperative symptoms, able to carry out daily occupations without significant interference
Fair Relief of some preoperative symptoms, but whose physical activities were significantly limited

Poor Symptoms and signs unchanged or worse
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Fig. 2 a Preoperative Cobb angle of operated segments (segmental Cobb, o); Preoperative Cobb angle of C2-C7 (C2-C7 Cobb, ).
b Postoperative Cobb angle of operated segments (segmental Cobb, a); Postoperative Cobb angle of C2—-C7 (C2-C7 Cobb, B)
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Fig. 3 Measurement of intervertebral height of the involved
segments (anterior height of intervertebral space: AH = a-b-c;
posterior height of intervertebral space: AH = a’-b'—’)

significant neurological symptoms release and functional
activity improvement have been achieved in the two groups
at the final follow-up, there were significant differences in
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the JOA score, NDI score, and the excellent and good rates
of clinical outcomes between two groups (P < 0.05,
Table 3).

Radiological analysis

In the titanium group, the Cobb angles of the operated
segment and C2-C7 significantly increased from
5.63° £ 8.26° to 14.75° £ 9.98° (P < 0.05) and from
6.83° 4+ 8.83° to 16.49° &+ 10.27° (P < 0.05) after opera-
tion, respectively. In the PEEK group, the corresponding
parameters significantly increased from 6.45° £ 7.28° to
16.27° £ 9.45° (P < 0.05) and from 8.23° £ 7.62° to
18.72° + 11.24° (P < 0.05) after operation, respectively.
The intervertebral height of the operated segment signifi-
cantly increased from 4.2 £ 0.7 to 5.8 £ 0.8 mm in
the titanium group (P < 0.05), from 4.3 +0.8 to
6.0 =+ 0.8 mm in the PEEK group (P < 0.05), respectively.
Statistical analysis showed there were no significant dif-
ferences in radiological parameters between two groups
before and after operation. However, more loss of the Cobb
angles and the intervertebral height in the titanium group
led to the significant differences in these mentioned
radiological parameters between two groups at the final
follow-up (P < 0.05, Table 4; Fig. 5). The loss of inter-
vertebral height over 3 mm recorded as subsidence
occurred in 34.5 % of cages in the titanium group versus
5.4 % of cages in the PEEK group (P < 0.05). Fusion was
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Fig. 4 Cage subsidence could be seen in the titanium group (a) and PEEK group (b)
Tal)le 3 Clinical results of Titanium group PEEK group P
patients
JOA scores
Preoperative 9.6 + 14 98+ 14 >0.05
Final 12.8 + 1.8* 142 + 1.8* <0.05
NDI scores
JOA Japanese orthopedic Preoperative 36.2 £ 3.7 354 £ 3.6 >0.05
association, NDI neck disability Final 216 + 2.6 152 + 2.3 <0.05
index ' ’ ’ ’ ’
M . . Clinical outcomes according to Excellent: 7, Good: 9, Fair:  Excellent: 11, Good: 12, Fair: <0.05
P < 0.05 comparing with Odom criteria 8, Bad: 5 5, Bad: 3

preoperative value

observed in all patients of two groups at the final follow-up.
In addition, two patients presented with cage dislocation
without clinical symptoms in the titanium group (Fig. 6).

Discussion

Cervical spondylotic myelopathy (CSM) usually arises in
the disc level, including disc herniation, osteophyte for-
mation at endplates, and uncovertebral joints. This patho-
physiology of CSM determines that the relief of the
anterior compression of the spinal cord is the most direct
treatment of CSM. In the past few years, cervical motion
preserved through implantation of artificial disc prosthesis
has been proved to be an effective and safe alternative
option in 1 and 2 level pathologies [10, 17, 23, 39].
However, anterior cervical discectomy and fusion (ACDF)
remains the gold standard in the surgical treatment of the

patients with multilevel CSM, resulting in well established
results and less complications [19, 28, 36].

The use of stand-alone cage technology in cervical
spondylosis was first introduced by Bagby [1]. Distraction
after discectomy could restore disc height and increase the
volume of neuroforamen. Initial stability could be main-
tained by use of a cage and the tension forces of residual
annuls and ligaments. Stand-alone cages have been widely
applied in 1 and 2-level pathologies [7, 12, 15, 18].
Recently, spine surgeons started to use the stand-alone cage
construct in multilevel cervical disc disease [5, 8, 16].
Hwang et al. [16] evaluated titanium cage-augmented
fusion in three-level and four-level anterior cervical disc-
ectomies with and without anterior plate fixation. They
even reported a low complication rate and a shorter hos-
pital stay in the group without plate fixation and concluded
that stand-alone cage in multilevel cervical disc disease are
better than with plate fixation. These results have been also
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Table 4 Radiological results of patients

Titanium group  PEEK group P

Cobb angle of the operated segment (°)

Preoperative 5.63 + 8.26 6.45 + 7.28 >0.05
Postoperative 1475 £9.98% 1627 £9.45%  >0.05
Final 7.38 £+ 8.34 12.34 &+ 8.37* <0.05
Loss of correction 7.64 + 4.23 3.96 + 1.34 <0.05
Cobb angle of C2-C7 (°)
Preoperative 6.83 + 8.83 8.23 + 7.62 >0.05
Postoperative 1649 + 1027"  18.72 + 11.24*  >0.05
Final 7.86 + 8.52 13.65 + 8.92% <0.05
Loss of correction 8.59 £ 4.67 4.84 + 2.39 <0.05
Intervertebral height of the operated segment (mm)
Preoperative 42 £0.7 43 £038 >0.05
Postoperative 5.8 + 0.8* 6.0 + 0.8" >0.05
Final 43 £0.6 53+07* <0.05
Loss of correction 1.5+ 04 0.6 £ 0.2 <0.05
Subsidence (>3 mm) 17/87 (34.5 %)  5/93 (5.4 %) <0.05
Fusion 87/87 (100 %) 93/93 (100 %) >0.05
Dislocation 2/87 (2.3 %) 0/93 (0 %) <0.05

# P < 0.05 comparing with preoperative value

confirmed by Cho et al. [8] who included a group of 26
patients with three-level disease undergoing stand-alone
PEEK cage fusion and reported also satisfactory results
comparable with graft-plate construct. The same subject
has been studied by Bucciero et al. [5] who applied stand-
alone PEEK cage fusion in four-level cervical disc disease.

Fig. 6 Dislocation of titanium cage

They concluded that this method of treatment is an effec-
tive procedure for the treatment of such cages.

Based on the clinical and radiological results of this
study with over 7-year follow-up, we achieved a more
comprehensive understanding of stand-alone cage tech-
nology in the treatment of multilevel CSM, especially the
difference between titanium and PEEK cages. Radiological

Fig. 5 Loss of sagittal lordosis of the cervical spine due to cage subsidence in the titanium group: a radiograph before operation, b radiograph

immediately after operation, ¢ radiograph at the final follow-up
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analysis showed that the Cobb angles and intervertebral
height were significantly increased by implanting titanium
cages or PEEK cages, without significant differences
between two groups after operation. However, more loss of
the Cobb angles and intervertebral height in the titanium
group led to the significant differences in these mentioned
radiological parameters between two groups at the final
follow-up. Correspondingly, the clinical outcome including
JOA score, NDI score and the rate of excellent and good
clinical outcomes in the titanium group was significantly
inferior to the PEEK group. Without other significant bias
between two groups, we speculated that the higher inci-
dence of cage subsidence in the titanium group was
responsible for this result.

Cage subsidence is the most considered problem for
stand-alone cage technology. Subsidence of titanium cages
is observed in 13 to 45 % of cases in larger series [3, 25].
The reported rate of PEEK cage subsidence varies from 8
to 15 % [13, 35]. Risk factors related to the cage subsi-
dence may include endplate preparation, size of the contact
area between implant and endplate, over-distraction of the
involved segment, and the bone mineral density of the
vertebral body. However, the most important factor
resulting in subsidence is the cage material. The modulus
of the elasticity of PEEK is similar to that of bone. This
distinguishing feature is thought to be able to reduce cage
subsidence compared with titanium cages. The long-term
results of our study were consistent with the previous
reports. The subsidence rate was significantly higher in the
titanium group. Actually, titanium cage subsidence was
more common than what the result demonstrated. The
mean loss of intervertebral height reached 1.5 mm in the
titanium group, and subsidence rate was 34.5 % according
to the criteria of loss of intervertebral height over 3 mm.

The relationship between cage subsidence with loss of
intervertebral height and kyphotic deformity, as well as
clinical outcome, has been discussed in the literature [3, 24,
33]. Some authors considered case subsidence did not
necessarily mean loss of local and general cervical lordosis.
If the collapse of the anterior part of involved disc space
was not greater than that of the posterior part, the local
lordosis would be preserved, despite the disc space col-
lapse. Niu et al. [24] compared clinical and radiological
results between titanium cages and PEEK cages. The
results showed the cage subsidence in the titanium group
was significantly higher, but there was no significant dif-
ference between two groups in loss of cervical lordosis and
clinical outcome. Barsa and Suchomel [3] prospectively
analyzed 100 consecutive patients, who underwent ACDF
with box-shaped titanium cages. They found the subsi-
dence of the device was associated with segmental loss of
lordosis; however, the overall alignment between C2 and
C7 did not change significantly. Wu et al. [33] performed a

similar observation with 5-year follow-up. The results
showed the change of the local and general alignment of
subsidence and non-subsidence group was not significantly
different. Cage subsidence did not exert significant impact
upon the long-term clinical outcome, but the cervical lor-
dosis was more important. However, our study demon-
strated a contrary result in the treatment of multilevel
CSM. As we observed in Fig. 5 if cage subsidence occur-
red at 2-3 levels, the loss of height of the cervical anterior
column would lead to significant loss of cervical lordosis,
which eventually resulted in inferior clinical outcomes.
Multilevel stand-alone cages were reported to be asso-
ciated with high rates of pseudarthrosis [32]. To increase
fusion rates, prevent subsidence and restore cervical sag-
ittal alignment, additional anterior cervical plating has been
recommended for cage fixation [29]. However, rigid ante-
rior cervical plate fixation may shield the mechanical load
that is very important for fusion. On the other hand, there
are some complications associated with anterior cervical
plating [34]. Moreover, the cost of additional plating would
increase the burden of the patient, and no significant dif-
ferences in clinical outcomes between stand-alone cage
with and without plate augmentation [8, 26]. To achieve
successful fusion, the fusion materials embedded in the
cage are another key point. The autologous iliac bone was
the most suitable for biologic bone healing ability, but it is
still necessary to create an iliac wound, even though the
wound is small. In this study, the local decompression bone
was harvested and packed into the cages. 100 % fusion rate
of all patients at the final follow-up confirmed it was
effective alternative material for bony fusion without donor
site complications [2]. In addition, without anterior cervical
plate augmentation, stand-alone PEEK cages provided
good maintenance of intervertebral height and cervical
lordosis, as well as better clinical outcomes compared with
titanium cages in the long-term follow-up. These advan-
tages were added in the treatment of multilevel CSM.
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