
Introduction

Recently, Van Limbeck et al., in a systematic literature re-
view, failed to identify the best method for a single-level
anterior cervical interbody fusion [13]. With the introduc-
tion of different interbody fusion devices, such as cages,
surgical strategies to achieve anterior cervical fusion have
evolved. The first papers on such promising techniques
have been published [4, 7, 10, 14]. However, Wigfield, in

a thorough literature review, concluded that there was lim-
ited evidence supporting the use of a cervical interbody
fusion device in place of autologous bone [15].

We therefore reviewed our first cases of stand-alone
cervical cages with a specific emphasis on the subsidence
behaviour of such cages. This was prompted by a clinical
impression of settling of the implants during the follow-
up of our patients
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Materials and methods

We conducted a retrospective review of the first eight patients that
we operated on with a stand-alone cervical cage. All patients ini-
tially presented with a cervical radiculopathy and concordant soft
disc herniation that had persisted despite conservative manage-
ment. Anterior discectomy and stand-alone cervical cage interbody
fusion were performed in the C5-C6 segment in three cases and in
the C6-C7 segment in six cases, using the same technique (one pa-
tient had a two-level cage insertion). Two independent observers
reviewed hospital charts, operative reports and all radiographs.
Follow-up time ranged from 12 to 18 months (average 15 months).
The age of the patients ranged from 33 to 61 years (average age 
43 years). Seven patients were male and one female.

Surgical technique

All patients were operated according to the same standardised
technique. After insertion of a cervical spine distractor, a complete
discectomy and a neural decompression were performed. Great
care was taken to avoid damaging the cortical structures of the
bony end plates. Using cage trials under fluoroscopy, the appropriate
size of cage was assessed. The cage was then filled with cancellous
bone from the anterior iliac crest that was harvested through a
mini-incision. A standard convex SynCage-C anterior cervical in-
terbody fusion implant (Synthes USA, Paoli, Pa., USA; Fig. 1) was
then inserted under fluoroscopy for an exact placement, the cervi-
cal distractor was then removed and the cage tested for stability.
Additional bone graft was applied in front of the cage. Patients
were kept in a soft collar for 4–6 weeks.

Radiological evaluation

Plain radiographs in anterior-posterior and lateral views were per-
formed postoperatively before discharge and at the different fol-
low-ups. In order to assess subsidence or migration, three different
measurements on the lateral radiographs were taken for each case,
postoperatively and at the latest follow-up (see Fig. 2, Table 1). Sub-
sidence was defined as any change in at least one of our parameters
of 3 mm or more. When settling was present, it was then charac-
terised as a superior migration, an inferior migration or a bi-direc-
tional migration. Segmental kyphosis or lordosis was measured by

the angle between the upper and lower adjacent end plate line.
Functional cervical radiographs in flexion and extension were used
to assess segmental cervical motion. We assumed that stability was
present if the difference on the flexion and extension radiographs
was not greater than 2°.

Results

There were no intra- or postoperative complications. Neu-
rologic symptoms regressed initially in all patients.
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Fig. 1 Cervical cage used in the study. The Syncage-C has a
porous shaped box design with a superior and inferior central
opening. The inferior opening is larger than the superior one, as it
is used to fill the cage with cancellous bone. The two central open-
ings permit bony ingrowth into and from the adjacent end plate, al-
lowing the fusion to take place. The superior aspect of the cage is
convex, the inferior aspect straight, to match the anatomy of the in-
ferior and superior end plate of the cervical vertebra

Fig. 2 Measure of the anterior and posterior disc space height and
anterior or posterior migration. Distance of the cage to the poste-
rior wall of the vertebral body

Table 1 Radiological parameters (see Fig. 2 for explanation) (Ant
DSH anterior disc space height, Post DSH posterior disc space
height, Dist→C-PW distance of the cage to the posterior wall)

Patient Age Sex Seg- Time Ant Post Dist→
no. ment DSH DSH C-PW 

(mm) (mm) (mm)

1 41 M C5-C6 Postop 7 4 4
12 months 4a 2 4

2 42 M C6-C7 Postop 8 8 5
18 months 8 8 5

3 33 M C6-C7 Postop 7 5 3
12 month 4a 5 5

4 61 M C5-C6 Postop 9 4 2
12 months 6a 4 2

C6-C7 Postop 8 4 3
12 month 7 3 3

5 39 F C6-C7 Postop 5 6 1
12 month 5 6 1

6 41 M C5-C6 Postop 7 5 4
15 months 7 5 4

7 38 M C6-C7 Postop 9 6 5
18 months 3a 2a 3

8 50 M C6-C7 Postop 10 6 4
18 months 5 5a 4

a Observed changes of 3 mm or more defining migration or settling



Radiologically, only three patients out of the eight
studied (or four cages out of the nine inserted) did not
show any change in the studied parameters (Table 1, Fig. 3).

A change in at least one of our defined radiological pa-
rameters of at least 3 mm was observed in five of nine
segments (Table 1, Fig. 4). There was no case of anterior
or posterior migration of the cage. Superior migration of
the cage into the superior end plate was obvious on the
lateral radiographs in two cases. Inferior cage migration
into the inferior end plate was observed in two patients.
Simultaneous superior and inferior end plate migration

was observed in two cases. All the patients had functional
radiographic evaluation, and no segmental motion or kypho-
sis was observed in any of these cases.

At the last follow-up, one patient had recurrence of her
radiculopathy. This latter patient (patient 7) had experi-
enced an initial regression of her neck pain and C7 radicu-
lopathy following surgery, but her symptoms recurred
again 6 months later. An obvious reduction of the inter-
vertebral space with subsidence of the cage was observed
on plain radiographs, and at 15 months’ follow-up one
could notice a fracture of the cage (Fig. 5). The patient re-
quired revision, removal of the cage, further cervical de-
compression, iliac crest bone graft and anterior plating.

Discussion

Uninstrumented fusion with graft shows collapse, extru-
sion or resorption, followed by neural compression, insta-
bility and pseudarthrosis [1]. To reduce these problems,
anterior plating has been used in the past. In a recent
meta-analysis by Floyd and Ohnmeiss, anterior cervical
fusion with autograft was found to be superior to allograft
as far as pseudarthrosis and disc space collapse were con-
cerned [3]. More recently, reports have claimed advan-
tages of stand-alone cervical cages over classic autologous
bone graft with or without anterior plating [4, 7, 10, 14].
However, strong evidence of the superiority of cages is
missing. Wigfield and Nelson claimed there was very lit-
tle evidence to justify their use [15]. Vavruch et al., in a
prospective randomised study comparing the Cloward pro-
cedure and a carbon-fibre cage, concluded that the clinical
outcomes were similar, the anatomic alignment was better
with cages, but the fusion rate was much higher with the
Cloward procedure (86%) than with the carbon-fibre cages
(62%) [14].

Our results demonstrated subsidence in five out of nine
cages measured by a decrease in the disc space narrowing
of at least 3 mm. One of the nine cages broke during the
follow-up period. Our series, though small as yet, is very
alarming, and we assume that subsidence in cervical
stand-alone interbody cage fusion is a major problem and
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Fig. 3 Case 6: a 41-year-old man operated for a C6 radiculopathy.
Postoperative and 15-months’ follow-up radiographs show identi-
cal measurements with no sign of subsidence

Fig. 4 Case 7: a 39-year-old woman with a recurrence of her
radiculopathy at 6 months follow-up. A comparison of the postop-
erative lateral radiograph (left) with a radiograph obtained at 
6 months’ follow-up (right), reveals cage subsidence in the inferior
and superior end plate

Fig. 5 Same patient as in Fig. 4. At 15 months’ follow-up the cage
is broken (left). Right Aspect of the cage during its retrieval



additional stabilisation is necessary to avoid this problem,
as has already been reported in vitro [8, 11, 12].

The causes of subsidence may stem from the instabil-
ity created by the discectomy, the postoperative cervical
motion, the cage design, the end plate preparation, or the
bone mineral density [2, 5, 6, 9, 16]. At any rate, subsi-
dence is not classically observed after anterior cervical fu-
sion with a plate.

Does cage subsidence or pseudarthrosis really matter
clinically? In the study by Vavruch et al., the carbon-fibre
cage group did as well as the group with the classic Cloward
procedure, but the pseudarthrosis rate of their cage group
(38%) is, to our mind, unacceptable in the long run [14].
Their exact rate and quantification of subsidence remains
unknown.

Conclusions

The results of this small series of homogeneous patients,
with the high incidence of cage subsidence and one cage
breakage, indicates the need for caution with the use of
stand-alone titanium cervical cages in anterior cervical
surgery. We felt that, ethically, we could not continue us-
ing stand-alone cervical cages without the addition of an-
terior cervical plating. The subsidence that we observed
does not seem to be specific to the particular cage design
that we used, as other studies have significant subsidence
with other cages, at least in vitro. This paper should rep-
resent a serious warning to those who want to use stand-
alone cervical cages.
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