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Abstract The aim of this study was to evaluate the fea-
sibility of a new method, which should help to avoid cage
subsidence after vertebrectomy in short fusions. After
implantation of an extendable vertebral body replacement
(VBR) the two adjacent endplates to the fractured or
destroyed vertebra were augmented with bone cement
using the anterior approach in 20 patients with short cir-
cumferential fusion. All patients were followed up for
2 years clinically and radiographically. X-rays were
reviewed for kyphosis, cage subsidence, presence of a solid
fusion mass and instrumentation failure. Changes in every
day activities (Oswestry Disability Index-ODI) and visual
analogue scale (VAS), pain score, as well as technique-
related complications were examined. The mean amount of
kyphosis correction was 12.8° (£6.4°) and changed by only
0.3° (£0.4°) until last follow-up. Pain (VAS) and ODI
scores were significantly improved and did not change until
last follow-up. In all but two cases, the authors observed
solid union with incorporation of the cage. No surgery-
related complications were recorded. In one case revision
was advised because of non-union due to septic loosening.
The augmentation of the adjacent vertebras after anterior
VBR provides an enhancement of the interface between
cage and vertebra in cases with poor bone quality and in
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revision surgery. The technique is simple and safe, as the
needles can be placed under visual control. Cement aug-
mentation of the endplates may reduce interbody device
subsidence.
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Introduction

Vertebral fractures of patients with bad bone quality still
pose a severe problem in spine surgery. Whereas simple
fractures can be treated with percutaneous vertebroplasty
or kyphoplasty [10], severely comminuted fractures or
metastases may need an anterior vertebral body replace-
ment (VBR). Circumferential instrumentation is known to
provide the highest initial stability and is superior to mul-
tilevel posterior or only anterior stabilization [20].

Re-kyphosis in 1-3 year follow-up was reported as a
problem of formerly widespread techniques such as tran-
spedicular bone grafting [14]. This led to a mean loss of
correction of more than 10° and a high degree of
pseudarthrosis!

To promote sufficient stability, VBR is often combined
with long posterior fusions [15, 27]. Long posterior fusion
in combination with VBR provides good initial stability,
but consequently screw breakage may occur in segments
without anterior support (Fig. 1) and further operations to
remove screws from unfused segments may be necessary.

New screw designs which allow cement augmentation
are meant to provide higher stability in osteoporotic ver-
tebrae and thus allow for shorter fusions, which spare
healthy segments for the patient [11, 24]. Unfortunately
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Fig. 1 Posterior rod extension was used to increase stability at site of
corporectomy, but the outcome was a breakage of the caudal screws
(arrow) after less than 12 month

this does not necessarily affect the problem of cage sub-
sidence, as the cement, which is injected through the
screws distributes more laterally and cranially with respect
to the vertebral body; whereas the cage needs support at the
central parts of the endplates (Fig. 2). As these regions can
easily be reached during anterior VBR we regularly per-
form an additional anterior augmentation of the endplates
after placement of the cage. The technique, feasibility, and
first results shall be presented in this study after a 2-year
follow-up.

Methods and patients
Patient population

The study included a consecutive series of 20 patients (14
females and 6 males) with single level vertebral collapse
due to inadequate trauma with osteoporosis (8 cases),
adequate trauma with osteoporosis (8 cases) or tumour (4
cases). Trauma was judged as inadequate if it would not
have caused a fracture in an otherwise healthy patient.
Osteoporosis was defined according to the criteria of the
WHO and DVO-guidelines [1, 16].

In four cases, the operation performed in our hospital
was a revision operation due to screw breakage, loosening
of the previously used extendable cage or increase of the
kyphotic angle after a previous vertebroplasty. These
changes developed without neurological deficits.

T10 collapsed in two patients, T12 in four, L1 in seven,
L2 in two, L3 in three, L4 and L5 was affected in one
patient.

The age of the patients at surgery ranged from 50 to
83 years (mean 66 + 9 years).

As the recording of the ODI and pain score according to
the VAS is part of the clinical routine for all patients at our
hospital, a complete prospective comparison of the peri-
operative and present status could easily be done with no
dropouts.

The last follow-up of the patients was 2 years
(24-26 months) after the operation. Two patients with
malignancy could not complete the follow-up due to death,
which was not associated to the surgery.

Indications for surgery included the presence of verte-
bra-related pain, kyphosis, instability of the posterior wall
and possible neurological complications. Unsuccessful
conservative therapy or vertebroplasty with progressive

Fig. 2 This old fracture with segmental kyphosis of 35° at L3 (a) was
restored to 12° with cannulated screws from posterior (b) and anterior
reconstruction with an extendable cage (c, d). Note that the cement,
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kyphosis was an indication for late surgery whereas spinal
canal encroachment greater than or equal to 40% by ret-
ropulsion of a bone fragment, which was judged to repre-
sent “impending paralysis”, led to immediate intervention
including decompression. In four cases, metastases of the
spine with impending instability or affection of the spinal
canal were the reason for anterior vertebrectomy.

No patients with posttraumatic paraplegia or affection of
more than one level were enrolled in this study. Preoper-
ative infections and spondylitis were also seen as a con-
traindication for vertebroplasty.

Surgical technique

In all cases posterior fusion was performed prior to
anterior VBR. In cases of spinal canal encroachment
additional decompression was performed even if no neu-
rological deficit was present before surgery. The posterior
reconstruction in a prone position usually included
placement of cannulated pedicle screws in the adjacent
vertebrae and cement augmentation of these screws under
fluoroscopic control. If possible, short interference screws
were placed at least in one pedicle of the affected ver-
tebra to enhance the stability of the posterior construct [2]
(Fig. 2).

For the anterior reconstruction the patient was placed in
a lateral decubitus position. To access vertebral lesions at
or proximal to L1, a transpleural approach combined with a
diaphragmatic split was performed. A mini-open extra-
peritoneal approach was undertaken in cases involving
lesions of L2 or below. To prevent cage subsidence and
cement extrusion, the subchondral bone of the adjacent
endplates was always preserved.

The extendable cages were placed slightly anterior to
the centre of the endplates and distracted until their teeth

anchored to the endplate. Care was taken not to penetrate
them.

After placement of the cage, two 10-G vertebroplasty
needles (Optimed Company) were inserted approximately
5 mm off the endplates in the adjacent upper and lower
vertebrae under visual control (Fig. 3a). A-p fluoroscopy
confirmed that the top of the needles was placed in the
centre of the vertebrae and thus right next to the baseplates
of the cage (Fig. 3c). No lateral fluoroscopy was necessary
during placement as this can be controlled by direct vision
(Fig. 3a). Fluoroscopy should be used during application of
the bone cement to prevent leakage towards the spinal
canal (Fig. 3b). Cement penetration through the endplates
or anterior walls could also be detected without fluoros-
copy merely by optical control.

The same extendable titanium cage device (Obelisc®;
Ulrich, Germany) was used for all patients [21]. After in
situ lengthening small teeth in the edge area of the
attachments are meant to be docked, and anchored to the
subchondral bone of the endplates and protect the cage
from dislocation.

Final lengthening was done after vertebroplasty and a
bone substitute mixed with morselized bone obtained either
from the vertebra itself, the iliac crest or the resected ribs,
was packed around the cage to initiate bony integration.

Imaging and clinical evaluation

Radiographs were reviewed before surgery, upon discharge
and for follow-up after 12 weeks, 12 month and for the
final follow-up after 24-26 months after surgery. CT scans
were done 3 months after operation for evaluation of the
fusion (Fig. 4). If changes on the X-rays were seen, made
by a possible loosening or cage-movement, additional
CT-scans were done.

Fig. 3 Placement of the vertebroplasty needles in the centre of the
adjacent endplates under visual control (a, black arrows). The needle
tips are positioned right over the centre of the baseplates of the cage

in the lateral (b) and a-p (c¢) view. Cement augmentation is done under
fluoroscopic control to avoid cement leakage into the spinal canal
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Fig. 4 Every patient received a
CT-scan with sagittal and
coronal reconstructions

3 months after surgery. If bony
continuity around the cage was
found in both planes we rated
this as an indication for bony
fusion. The case shows a
70-year-old lady with an
osteoporotic fracture of L2

On lateral X-ray films, the kyphosis of the whole seg-
ment according to Cobb was measured from the superior
endplate of the vertebral body one level above the injured
vertebra to the inferior endplate of the vertebral body one
level below, as for this method the highest intra- and
interobserver reliability was described [7]. This was repe-
ated by two independent doctors. The deviation was within
the measuring tolerance of 2°.

On radiographs and CT scans the presence of homogenous
radiodensity of vertebrae and distinct continuity of trabeculae
around the cage was considered to indicate bony fusion. The
neurological status of the patients was assessed clinically.
Pain was measured with a visual analogue scale VAS (0-10).
Every day activity was assessed by means of the ODI, which
was assessed upon commitment and on follow-up.

Statistical analysis

The results are expressed as mean =+ standard deviation.
Statistic analyses were performed with SPSS 12 (SPSS
Inc., Chicago, IL). Because of the small group size, non-
parametric tests were used. The significance level was set
at p < 0.05. Signed Rank Test (Wilcoxon paired) was used
for statistical evaluation before and after the operation and
for the follow-up.

The box-and-whisker plots display the first and third
quartiles as the ends of the box, the maximum and mini-
mum as the whiskers and the median as a vertical bar in the
interior of each box.

Results
General complications

Two patients, who suffered from a metastatic osteolysis
with instability (adenocarcinoma) died before completion
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of the 2-year follow-up. In one patient revision was advised
because of postoperative infection of the posterior stabil-
ization device. All of the remaining patients could be
included in the study.

Surgery-related complications

No serious complications such as cement extrusions in the
spinal canal or neurological deficits occurred during ante-
rior surgery. Furthermore, no implant-related complica-
tions like dislocation or breaking through the vertebral
endplates happened.

Perioperative complications included pneumonia in one
case, transient atelectasis after transthoracal access in three
and superficial infection, treated with wound dressing and
antibiotic therapy, in two. A low-grade asymptomatic
compression fracture occurred in vertebrae one to three
levels above or below the reconstruction site in two
patients by the time of the final follow-up examination.
These two patients reported of no traumatic event during
the postoperative period.

Clinical and radiographic results

The mean kyphotic deformity before surgery measured
14° £ 11.4° and could be reduced by a mean of
12.8° + 6.4° (p < 0.0001). After 12 and 24 months the
mean change was 0.3° (£0.4°) (p = 0.4), thus smaller than
the measuring tolerance (Fig. 5). Cage subsidence of more
than 2° could only be found in the case with postoperative
septic loosening.

Stability with new trabecular bone around the cage was
found in all cases operated due to osteoporotic fractures.
Bony union was observed in three out of four tumour cases.
In the fourth case pseudarthrosis occurred after postoper-
ative radiation (Fig. 6). This pseudarthrosis did not affect
the implant position or result into screw loosening.
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Fig. 5 Mean correction of kyphosis by surgery and minimal loss of
correction at 1-year follow-up

The median VAS pain score was 7.6/10 before surgery,
3.8/10 after surgery and 3.5/10 at follow up. Median ODI
was 32 before surgery, 18 after surgery and 12 at the final
follow-up 1 year after surgery (Fig. 7). Surgery improved
pain and disability significantly (p < 0.001).

Discussion

Although currently, many vertebral fractures are treated
successfully by vertebroplasty or kyphoplasty [19], anterior
column reconstruction is still an important treatment option
for patients with posterior wall involvement, spinal
metastases or kyphosis after failed conservative treatment
or failed vertebroplasty. Although considerable literature
about treatment of fractures of the thoracolumbar region
exists [10, 13, 17], very little data were found about the

special problem of cage subsidence in osteoporotic or
metastatic bone [18, 26]. Nevertheless, every surgeon
knows about the problem of cage subsidence or loosening
which is linked to bad bone quality and a too stiff construct
compared with the bone and its much lower e-module [23].

Posterior rod extension increases the stability at the side
of corporectomy, but increases motion of the adjacent
levels and bears the risk of screw breakage at levels not
fused from anterior (Fig. 1) [24].

As we did not want to fuse more than the affected
segments, we searched for ways to improve the overall
stability of the construct. Augmentation of screws does
help to diminish the risk of screw loosening [3, 5, 8], but it
is unclear whether it prevents cage subsidence as well. As
thoracic and higher lumbar transpedicular screws are
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Fig. 7 Significant improvement in Oswestry Disability Index after
surgery and at time of follow-up. *p < 0.05

Fig. 6 Postoperative X-rays and CT-scans of a patient with post-radiation osteonecrosis of L5 and S1. Anterior vertebroplasty helped to stabilize
the endplates and prevent cage subsidence in the very week bone even without bony union
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introduced with minor convergence, cement, which is
injected through the screws, does not reach the central part
of the endplates where endplates provide the least resis-
tance to subsidence [18].

We routinely perfomed the reduction of the kyphosis
from posterior followed by anterior VBR but a reverse
order is conceivable. One should take care that cement is
not placed in regions where screws should be introduced.
In most fresh osteoporotic fractures adequate kyphosis
correction was possible from posterior without forceful
manipulation. Vertebroplasty screws helped to prevent
screw loosening during the manipulation procedure. If no
adequate correction could be achieved, we proceeded with
anterior column reconstruction and then opened the pos-
terior wound again, so that correction was performed
simultaneously from anterior and posterior. This was done
in one single case with an old osteoporotic fracture, which
was healed in kyphosis. Augmenting the endplates helped
us during anterior correction as remarkable pressure was
administrated to the endplates.

In a cadaveric study, the interface strength between
interbody device and vertebral body was enhanced when
cement was used to augment pedicle or anterior vertebral
body screws compared to normal screws [23]. These results
suggest that interbody device subsidence may be prevented
only by augmenting pedicle screws. The limitation of this
study was that the cage vertebra interface strength was
determined only for the superior vertebral endplates of the
caudal vertebrae. Here the screws can be placed very close
to the endplate and, thus, support the cage, but similar
results could not be implied for the inferior endplates as
pedicle screws are placed further away from endplates
here. As can be seen in Fig. 2, cement, which is introduced
through the screws is not able to support the inferior end-
plate of the upper adjacent vertebra. This goal can easily be
achieved by the technique presented here. The cement can
be placed easily and safely right next to the endplates of the
VBR. As the needle-placement in the lateral plane is done
under visual control (Fig. 3), the correct placement of the
needle has to be checked by fluoroscopy only in the a-p
plane. It is also recommended to use fluoroscopy during
injection of the cement to make sure that it does not reach
the spinal canal, although this is quite unlikely after ante-
rior needle placement. The surgeon has to be aware, that
cement can easily extrude through the prepared endplates,
even though this usually does not cause problems. Of the
anterior vertebroplasties performed during this study, no
complications or cement leakage occurred.

Introducing bone cement close to the endplates might
theoretically compromise osteogenesis as PMMA cement
could be toxic to bone [9]. Therefore, we followed all our
cases thoroughly. We could not find a necrosis of the
vertebrae after cement augmentation (except for the one
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case shown in Fig. 6 which had post-radiation osteone-
crosis before our treatment).

Moreover, bony union was not compromised by cement
augmentation, as was proven in the follow-ups. We had no
screw loosening and saw trabecular bone around the cages
in the CT scans (Fig. 4) indicating bony fusion. A possible
reason is that vascularization and osteogenesis does not
only come from the endplates but also from the remaining
rests of the fractured vertebrae and the surrounding soft
tissue (especially the anterior longitudinal ligament). Fur-
thermore not the whole endplate was covered with cement.

No significant loss of correction was observed in our
patients using the presented technique. Although our series
consists of patients older than found in most other publi-
cations and includes patients with metastases and osteo-
porosis, we found a remarkable subsidence only in one
patient who had a septic loosening.

Defino and Rodriguez-Fuentes [6] reported of 43
patients with a dorso-ventral stabilization. For ventral
reconstruction autologous bone from the iliac crest was
used in 41 patients while a fibular transplant was used in
the remaining two cases. The clinical outcome was prom-
ising but there was a distinct loss of correction in 11/39
patients; 5-7° in nine and >10° in two patients. The use of
bovine bone for anterior reconstruction was disappointing
and led to bony integration in just 2/11 patients compared
to 8/11 patients sustaining autologous bone grafts [22].

Better results were reported if cages similar to ours were
used instead of bone grafts.

The only report on the distractable cage, which was used
in our study, was published by Ulmar et al. [25]. They
report about 40 patients with mixed pathologies (trauma,
tumour, discitis). After a kyphosis correction of 13.8°, they
found only minor loss of correction of 1.1°. Their patients
had mean age of 56.9 years and 65% were male. Only 25%
of their patients suffered from osteoporotic fractures.

Other authors [13, 17] who used similar extendable
cages also had patient populations which were significantly
younger (43 and 48 years), mostly male and often suffered
from adequate trauma without osteoporosis. They reported
of a kyphosis reduction of 18.4°-18.7° in monosegmental
vertebal body replacements and a loss of correction of
1.5°-2.8°. In the lumbar spine and for bisegmental cor-
porectomies, the mean loss of correction was significantly
higher. No data were given whether subsidence was a
problem in older female patients who might suffer from
0steoporosis.

Vieweg et al. [26] who used the same cage, had an
overall loss of correction of only 1.6°, but found a mean
loss of 10° in those patients with osteoporosis.

This supports our thesis that cage subsidence is a
problem in patients with bad bone quality and thus addi-
tional support of the cage—bone interface should be
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attempted. We do not use cement augmentation in all our
VBRs, but believe that it is sensible in selected cases. This
is why our patient population was significantly older, pre-
dominantly female and suffered either of osteoporosis,
malignancy or failed vertebroplasty with severe kyphosis.

At the final examination our patients achieved a mean
VAS score of 3.5 (out of 10). This represents a significant
reduction of 4/10 in comparison to the pre-operative score.
The VAS reduction of 2.4 reported by Knop et al. [12] for
patients treated with transpedicular intervertebral bone
graft was considerably lower, which may be caused by the
higher pseudarthrosis rate and inferior primar stability.

Briem et al. [4] reported about a relevant long-term
impairment in patients’ quality of life after dorsoventral
stabilization of thoracolumbar fractures and concluded that
pain is the most important factor which is related to the
severity of the injury and to the operation itself. In our
study, apart from the significant reduction of the VAS, we
also observed a significant reduction of the ODI; suggest-
ing that the quality of life (disability in normal activities)
improved for the operated patients. This finding is sup-
ported by other authors who used similar instruments for
anterior—posterior vertebral column reconstruction [13].

A limiting factor of the current study is that we did not
use a control group and, therefore, cannot be certain that
without the cement augmentation, the patients could have
done just as well. We can only compare our cases to those
published in the literature and found a similar or lower loss
of correction although we used a short posterior construct
and treated an old and difficult patient population.

Conclusions

In cases where anterior vertebral body reconstruction is
needed despite poor bone quality, the use of cement to
support the pedicle screws as well as the endplates of the
adjacent vertebral bodies may be a beneficial alternative.
The technique of anterior verebroblasty is easy, safe and
quick, as the needles are placed under visual control. It may
help to reduce cage subsidence and the need for long
posterior constructs even in cases of bad bone quality.

Conflict of interest No conflicts of interest exist. No author has any
financial ties to the manufacturer of any product discussed in the
study.
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