
Introduction

Since advances in tumour treatment have improved the
prognosis of cancer patients, the incidence of clinically
apparent metastatic disease has increased [8]. Carcinomas
of the breast, prostate, lung, thyroid gland and kidney ac-
count for 80% of all osseous metastatic manifestations
[5]. The highest incidence of skeletal secondaries is ob-

served in the spine, reported in one post-mortem study to
be 36% [24]. Spinal metastases are primarily located in
the vertebral body and in the peridural space; dorsal local-
isation is a rare finding [8]. Stability of the spine is im-
paired once the dorsal cortex of the vertebral body or the
roots of the vertebral arch show signs of destruction. Lo-
cal tumour progression may cause vertebral body col-
lapse, deteriorating stability, pain and neurological symp-
toms. Spinal fractures may result in a kyphotic deformity
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that leads to a compression or distraction of the spinal
cord. In the cervical and the upper thoracic spine, where
mechanical demands are lower than in other parts of the
axial skeleton, pain frequently is less indicative than
radicular neurologic symptoms. Metastases occurring in
segments of the spine that have to withstand major forces
frequently cause acute onset paraplegia. With few excep-
tions, any kind of treatment for metastatic disease that is
available today remains palliative by definition, so sur-
gery has to strive for maximum palliative effect with a
minimum of operative morbidity and mortality. There-
fore, radical tumour removal generally is not the ultimate
goal of treatment. Instead, primary therapeutic goals are
reduction of pain, and to secure or restore function and
stability of the locomotor apparatus. Nevertheless, recent
studies have shown the benefit of a more radical removal
of metastatic spine lesions in selected patients with inter-
mediate or good prognosis [1, 21, 22]. In these patients,
reconstruction of the vertebral body following corpec-
tomy must provide sufficient long-term stability.

Various systems with different levels of primary and
long-term stability have been developed for vertebral
body restoration [2, 7, 9, 10, 12, 13, 15, 16, 19]. Recurrent
instability can be caused by mechanical failure, by a loos-
ening at the interface between implant and bone [6, 14,
16, 20], or by a metastatic relapse [18]. Furthermore,
metallic implants that were used in the past frequently dis-
turbed postoperative computed tomography (CT) or mag-
netic resonance imaging (MRI) due to artefacts, and inter-
fered with the planning and administration of radiother-
apy.

The aim of our pilot study was to evaluate the clinical
applicability and results of a new radiolucent system for
vertebral body replacement in the lumbar spine, which
consists of bone-integrating biocompatible material and
provides high primary stability with an anterior instru-
mentation exclusively.

Materials and methods

Implant device

A newly developed vertebral body replacement from poly-
etherurethane and bioglass composite (PU-C, Biovision, Illmenau,
Germany), fixed by an integrated plate of carbon-fibre reinforced
polyetheretherketone (CF-PEEK) was used [3]. Stability was
achieved by a total of six CF-PEEK screws securing the plate to
both the replacement body and the adjacent unaffected vertebral
segments (Fig.1). Two oblique lag screws were inserted through
the plate and a prefabricated hole in the vertebral replacement into
the adjacent bone proximal and distal, providing a high compres-
sion force across both segments. Additional four-point fixation
was achieved by a pair of horizontal, convergent screws at each
end. The vertebral body replacement was slotted to mate with the
plate; graft and plate were thus constrained against relative move-
ment when the oblique screws applied compression. As a compro-
mise of biomechanical requirements and surgical practicability,
the plate was located at the left anterolateral aspect of the vertebral
body replacement, in order to enable a retroperitoneal approach for

anterior instrumentation and to protect the large vessels in front of
the lumbar spine. Components of the system were available in var-
ious sizes to allow individual reconstruction of each defect.

Patients

From July 1995 to December 1996, five patients with spine metas-
tases who were eligible for the study were operated on using the
new device. Study inclusion criteria comprised indication for cor-
pectomy, defined as:

1. Removal of the vertebral body, and
2. All of the following conditions: tumour localisation in the lum-

bar spine (L1-L4), monosegmental lesion, destruction of the
vertebral body with intact posterior structures, and low-risk
metastasis defined as metastatic disease with good or interme-
diate prognosis, e.g. in patients with receptor-positive breast
cancer, differentiated thyroid cancer, or renal cell carcinoma.

Surgical treatment of spinal metastases was performed in patients
with unstable pathologic fracture, impending fracture, spinal cord
compression with or without neurological symptoms, and solitary
lesions.

All patients gave written informed consent concerning partici-
pation in the study. Before decease, patient 2 agreed to an autopsy
and removal of the implanted system for biomechanical and histo-
logic investigations.

Application of the new system was indicated and planned in
seven patients. Due to intraoperative complications, the intended
procedure could not be performed in two patients: in a 48-year-
old woman with breast cancer metastasis, L4 implantation of the
PU-C spacer led to a fracture of the L5 upper plate, necessitating
the use of a MOSS spacer. Though preoperative tumour embolisa-
tion was performed, profuse bleeding after removal of a solitary
L4 teratoma metastasis required defect reconstruction with a MOSS
spacer and polymethylmethacrylate in a 30-year-old man.

Table 1 shows data of the five patients who were treated using
the new PU-C vertebral body replacement. Three patients were
suffering from receptor-positive breast carcinoma with skeletal
metastases exclusively, two patients from secondaries of a renal
cell carcinoma. All patients had a metachronous dissemination
with an interval from the first cancer diagnosis of 2.5 years at a
minimum. Indication for surgical intervention resulted from a col-
lapse of the vertebral body in four patients (Fig.2), and a solitary
metastasis without fracture in one patient (patient 2).

438

Fig.1 Polyetherurethane/bioglass composite (PU-C) vertebral re-
placement: A side view, and B top view
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In order to analyse local tumour extension, all patients under-
went MRI examination prior to surgery. Three-dimensional calcu-
lation of the resulting defect following corpectomy was performed
preoperatively by spiral CT with two-dimensional reconstructions.
In patients with pathologic fracture, dimensions of the vertebral
body that had to be replaced were estimated using data acquired
from the adjacent vertebrae. Based on these imaging data, the PU-C
spacer was provided custom-made, enabling precise reconstitution
of the original distance of the adjacent vertebral segments.

All patients underwent digital subtraction angiography and in-
tra-arterial selective tumour embolisation, using ethibloc, immedi-
ately before surgical removal of the affected vertebral body. Oper-
ations were performed with the patient in lateral decubitus posi-
tion, using an oblique lumbar extraperitoneal approach. All metas-
tases were resected intralesionally without leaving macroscopic
residual tumour. The procedure included complete removal of both
adjacent discs and the anterior longitudinal ligament.

Neurological status was investigated preoperatively and again
following surgical procedure, and classified according to Frankel
[4]. Postoperative follow-up examinations, with intervals of 
6 months, comprised evaluation of clinical performance, plain ra-
diography, CT and MRI.

One patient received radiotherapy (45 Gy) prior to surgery,
postoperative irradiation at the same dose was applied to three pa-
tients. Tamoxifen was administered pre- and postoperatively in the
three patients with receptor-positive breast cancer.

Biomechanical testing

Patient 2 had agreed to an autopsy and removal of the implanted
system for biomechanical and histologic investigations. This pa-
tient who underwent spine surgery for a solitary metastasis of a re-
nal cell carcinoma received a combined immunochemotherapy af-
ter CT diagnosis of clinically asymptomatic lung metastases, and
died 15 months postoperatively without further tumour progres-
sion, due to therapy-related cardiac toxicity. It was possible to re-
move the vertebral body replacement together with the adjacent
lumbar segments (T11–L3) at autopsy, and the device therefore
was available for in vitro radiographic, biomechanical, and histo-
logic examination.
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Table 1 Data of five patients with PU-C vertebral body replacement (ADM alive with metastases, DD died of disease, D died of unre-
lated cause)

Patient ID Sex Age Segment Primary Frankel grade Follow-up Status Operating Blood loss 
no. tumour (preop./postop.) (months) time (min) (ml)

1 HM F 75 L3 Breast E/E 9 DD 260 4000
2 HW M 66 L2 Kidney E/E 15 D 225 3000
3 HZ F 51 L3 Breast E/E 39 DD 195 2400
4 WJ M 46 L3 Kidney E/D 5 DD 210 2300
5 HS F 36 L3 Breast D/E 29 ADM 140 3500

Fig.2A, B A 36-year-old woman (patient 5) with L3 vertebral
body collapse due to a breast cancer metastasis and mild parapare-
sis. A Lateral view conventional radiograph displays a vertebra
plana resulting in a kyphotic deformity. B T1-weighted sagittal
magnetic resonance (MR) image reveals a compression of the
cauda equina

AA BB

Fig.3 Biomechanical investigation on an explanted specimen (pa-
tient 2, T12-L4) using a universal spine tester. L2 corpectomy and
implantation of the PU-C vertebral replacement had been per-
formed 15 months previously. Resulting three-dimensional dis-
placements were measured between all adjacent segments with an
ultrasound motion measurement system
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In previous biomechanical testing, the new device was com-
pared with several marketed systems [3]. Six normal donor human
specimens were tested, intact and after corpectomy of L1, with
several stabilization systems as well as with the new device, to com-
pare the primary stability parameters range of motion (ROM) and
neutral zone (NZ) of the stabilized spine in a common spine tester
[3]. In order to compare the results of this study with the biome-
chanical testing from 1.5 years earlier, the explanted specimen
testing was performed identically [3]. In preparation, surrounding
soft tissue and muscles were dissected with care to preserve bone,
discs and spinal ligaments. T12 and L4 were potted in polymethyl-
methacrylate (Technovit 3040, Heraeus Kulzer GmbH, Wehrheim/
Ts, Germany) for fixation in the custom spine tester [23]. During
testing, the specimens were kept moist with saline. Biomechanical
testing was performed in a spine tester (Fig.3) that provides con-
trolled moment loading in one plane and unconstrained motion in
free space [23]. Pure moments from –3.75 Nm to +3.75 Nm were
applied in flexion/extension (±Mx), right/left axial rotation (±My)
and right/left lateral bending (±Mz) at a constant rate of 1.7°/s
without axial preload. Resulting three-dimensional displacements
were measured between all adjacent segments with an ultrasound
motion measurement system (Cmstrao 1.0, Zebris, Isny, Germany).
Data were recorded on the third cycle. From the load-deformation
curves, ROM and NZ [17] were determined for the angles α, β, γ
around the x, y, z axes between L1 and L3, for comparison with the
initial identically performed biomechanical study [3].

Histological analysis

Histological investigation following autopsy was performed in pa-
tient 2. The implant-bone interfaces of the endplates were desig-
nated for undecalcified bone histological evaluation.

The whole specimen was sawed into 1-cm slices. After embed-
ding in methacrylate, a 70-µm slice was cut and surface-stained
with paragon. Using light microscopy (Axiophot, Zeiss, Ober-
kochen, Germany), the bone-implant interface was examined.
Qualitative aspects of the interface, such as cancellous bone, bone
marrow and fibrous tissue, were noted, and especially presence or
absence of inflammation.

Results

Clinical follow-up

From the selected surgical approach, implantation of the
PU-C spacer after corpectomy and instrumentation using
the CF-PEEK plate was uncomplicated in all five patients.
To achieve a sufficient primary stability, in one case (pa-
tient 3) additional reinforcement of screw anchorage us-
ing polymethylmethacrylate (Palacos, Merck Biomate-
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Fig.4 Imaging performed 
5 months postoperatively in
patient 2 using plain radiogra-
phy (A), spiral CT (B) with
three-dimensional reconstruc-
tion (C), and contrast-en-
hanced T1-weighted sagittal
MRI (D).The implant and the
surrounding tissue is visualised
without artefacts. A new-
formed bony rim anterior to
the implant can be recognised
on the transversal CT scan (B)

A B
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rials, Merck KGaA, Germany) was necessary. No intra- or
postoperative complications, such as bleeding from the
resection area, damage to neighbouring vessels or neural
structures, or disturbances of wound healing were regis-
tered. Neurological deficits classified according to Frankel
[4] were observed preoperatively in one patient (patient 5)
with a vertebra plana L3 (Fig.2). While the weakness of
the lower extremities was improved by the operative pro-
cedure in this case, a patient with pathologic fracture of
L3 (patient 4) developed mild paraplegia with maintained
walking ability following operation. Stability, which was
achieved primarily in all cases, enabled an unrestricted
postoperative mobilisation without need for external sup-
port. No patient required additional posterior instrumenta-
tion. Administration of analgesic drugs was ended after 
3 weeks at the latest.

In our series, median time of follow-up was 15 months
(Table 1). During the observation period, no patient de-
veloped a neurological or functional deterioration corre-
lated to the lumbar spine. CT and MR imaging, which
could be performed artefact free, focused on early detec-
tion of metastatic recurrence and implant failure, and fa-
cilitated postoperative radiotherapy (Fig.4). Conventional
radiographs and CT scans revealed progressive osteointe-

gration of the PU-C spacer, first detectable after 6 months
in all four surviving patients (Fig.4). There were no radi-
ographic signs of implant loosening or dislocation; MRI
revealed no evidence of a local relapse. Four patients suc-
cumbed to their progressive disease after 5, 9, 15, and 
35 months, respectively. Follow-up period in patient 5,
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Fig.5 Spiral CT with sagittal reconstruction of the explanted
specimen from patient 2, demonstrating a partial integration of the
PU-C spacer into the adjacent vertebral bodies

Fig.6 Load-deformation curves of the overbridged segments in
the three primary directions; comparison of the explanted speci-
men in the present study with the results of previous biomechani-
cal investigations [3] on primary stability of the implant in vitro
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with receptor-positive breast carcinoma and complete re-
mission of multiple skeletal metastases, is 39 months so
far.

Following autopsy in patient 2, plain radiography and
CT of the resected specimen confirmed the in vivo diag-
nosis of osteointegration of the PU-C spacer (Fig.5).

Biomechanical testing

The load-deformation curves of the explanted specimen
demonstrated nearly linear behaviour under cyclic loading
(Fig.6).

In flexion/extension, total ROM was 1.25° (+ROM
0.5°; –ROM 0.75°) and total NZ 0.31° (+NZ 0.19°; –NZ
0.12°).

For axial rotation over the range of moments –3.75 Nm
to 3.75 Nm, the implant produced a total ROM of 2.59°
(+ROM 1.3°; –ROM 1.29°) and a total NZ of 0.13° (+NZ
0.12°; –NZ 0.01°).

For lateral bending over the range of moments –3.75 Nm
to 3.75 Nm, total ROM was 1.3° (+ROM 0.8°; –ROM
0.5°) and total NZ 0.29° (+NZ 0.1°; –NZ 0.19°) (Fig.6).
ROM and NZ were comparable to values reported in the
initial comparative biomechanical testing of this device
[3].

Histological analysis

Histological examination of the specimen of patient 2 was
complicated due to different material properties, which
made preparation and fixation of the cuts more difficult.
Therefore, not all areas of the endplate-bone interface
were available for microscopic examination.

In the remaining slices, no signs of inflammation, such
as macrophages, giant cells or lymphocytes were observed.

Areas of direct contact between bone and implant were
rarely observed; mostly a small line of fibrous connective
tissue was between the PU-C replacement body and the
adjacent bone (Fig.7). Tooth-like ingrowth (arrows) had
not occurred 15 months after implantation [11].

Discussion

In vitro stability of a new radiolucent system for vertebral
body replacement, consisting of a composite bioglass-poly-
urethane body and a polymeric fastening hardware, has
been shown to be superior to currently used systems [3],
providing a significantly higher restraint of motion. We
therefore investigated its in vivo application in a small se-
ries of selected patients with low-risk metastatic disease
involving the spine.

While good primary stability was achieved in four pa-
tients, in one patient, a 51-year-old woman, reinforcement
of the implanted screws using polymethylmethacrylate
was required due to a pre-existing osteoporosis, in order
to obtain sufficient fixation of the PU-C spacer. Restora-
tion of spinal stability permitted immediate remobiliza-
tion of all patients without the need for posterior instru-
mentation. During follow-up, no loosening, dislocation or
breakage of the implant was observed.

Investigation of the biomechanical performance of the
explanted vertebral segments revealed excellent stability,
which was comparable or superior to the stability achieved
in the initial biomechanical testing, which included ven-
tral systems such as Ventrofix, the USIS system and a com-
pression plate system [3]. In flexion/extension, the speci-
men of patient 2, in whom the device had been implanted
1.5 years earlier, demonstrated values of ROM and NZ
identical with the former biomechanical study [3]. Lateral
bending ROM of the implanted device and NZ were equal
or even better than the results of previous testing [3]. The
total ROM and NZ in axial rotation indicated consider-
ably enhanced ROM and NZ in comparison to the biome-
chanical investigation [3]. Overall, this demonstrated excel-
lent long-term stability of the implanted device over the
course of 1.5 years, and even improved stability due to in-
creased mechanical interlocking by bony build-round
through heterotopic ossification and the beginnings of os-
teointegration at the bone-endplate interface.

We used the Zebris ultrasound three-dimensional mea-
surement system in this biomechanical testing, instead of
the six-degrees-of-freedom goniometer systems of the pre-
vious study [3], because of its higher accuracy. The earlier
biomechanical series was performed on T12-L2 speci-
mens with a corpectomy at L2. The current, explanted
specimen was T11-L3, with a corpectomy at L1. The bio-
mechanical properties of these two slightly differing spinal
segments do not deviate substantially from one another;
thus, the comparison between the two sets of data is war-
ranted without detailed qualification. Furthermore, the
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Fig.7 Polyurethane/bioglass composite-endplate interface 15 months
after implantation
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specimen of this study corresponds in age (66 years) with
the mean of the previous series (64 years).

Biocompatibility of the used material in comparison to
titanium has been investigated in vivo in long-term exper-
iments in sheep, revealing an osseous integration of the
new composite that was similar for short application times
and significantly superior after an implantation period of
2 years [11]. Inter-individual variability was high in the
earlier time period, but settled down at 24 months, at which
time a well-structured, tooth-like apposition could also be
observed [11].

After 16 months ingrowth time in our study, mostly a
small fibrous connective tissue was observed at the bone-
implant interface. Based on the results of the animal study,
a time-dependent increase could be expected after 2 years,
which demonstrates a higher interfacial shear strength in
comparison to titanium. CT scan comparison demonstrated
bony build-round by heterotopic ossification of the PU-C
spacer macroscopically during the follow-up in four pa-
tients. Therefore, for reasons of biomechanical properties
and biocompatibility, an adequate long-term stability and
bony incorporation of the PU-C spacer can be expected.

Inflammatory reactions were not seen macroscopically
or microscopically, due to good biocompatibility of the
PU-C material.

The new device was shown to enable undisturbed MRI
and CT investigation, and therefore to facilitate postoper-
ative radiotherapy. In irradiated patients, MRI is essen-
tially for distinguishing local tumour relapse and irradia-
tion-induced transverse myelitis [8]. No postoperative com-
plications related to the surgical approach, tumour resec-
tion, or kind of restoration of spinal stability was observed
in our series. However, in comparison to vertebral body
replacement using polymethylmethacrylate, the system
does not provide a haemostatic effect on the surrounding
tissue. Therefore, angiography, which outlines the vascu-
lar supply of the lesion and represents the basis for selec-
tive embolisation, should be mandatory, if application of
the PU-C spacer is intended. From our experience, in pa-
tients with osteoporosis, reduced stability of the endplates
of the adjacent vertebral bodies must be regarded as a lim-
itation for the use of the new system providing a high
compression force against these anatomical structures.

For spinal metastases, a ventral approach is generally
considered more appropriate, because they are located
mostly in the vertebral body and the roots of the vertebral
arches. However, factors such as age, general health sta-
tus, operative risks and the pattern of metastatic spread
have to be taken into consideration before deciding on the
optimal approach in the individual patient. The PU-C
spacer, which was used in our series, can be recom-
mended in patients with neoplastic lesions limited to the
vertebral body, with unaffected adjacent segments or soli-
tary lesions, and with an expected longer time of survival.
Due to size and configuration of the developed system, its
application is limited to the lumbar spine. Additionally,
since the sacral anatomy does not permit anterolateral in-
strumentation, treatment of L5 metastases had to be ex-
cluded from this procedure. It must be regarded as a dis-
advantage of a custom-made device that the intraoperative
flexibility regarding resection and defect reconstruction is
much lower in comparison to a modular reconstruction
system without defined connection of the vertebral body
replacement and the fixating device.

Conclusion

Surgical treatment of metastatic disease of the lumbar
spine using a radiolucent vertebral body replacement from
polyetherurethane and bioglass composite (PU-C) fixed
by an integrated plate of carbon-fibre reinforced poly-
etheretherketone was successful in five patients, with en-
couraging results regarding spinal stability. While a high
primary stability was achieved because of the biomechan-
ical properties, the fixation of the PU-C spacer was im-
proved by a progressive osseous integration due to the
biocompatibility of the device. In spite of the limited
number of cases in our series, we conclude from our data
that, with the employed material and fixation device, suf-
ficient long-term results in restoration of spinal stability in
selected patients with metastatic lesions as well as pri-
mary bone tumours can be expected. Further studies with
modified implants are necessary to evaluate the use of the
PU-C system for treatment of neoplastic lesions of the
thoracic spine.

443

1.Boriani S, Biagini R, De Lure F,
Bertoni F, Malaguti MC, Di Fiore M,
Zanoni A (1996) En bloc resections of
bone tumors of the thoracolumbar
spine. A preliminary report on 29 pa-
tients. Spine 21:1927–1931

2.Ciapetta P, Boriani S, Fava GP (1997)
A carbon reinforced polymer cage for
vertebral body replacement: technical
note. Neurosurgery 41:1203–1206

3.Claes L, Schultheiss M, Wolf S, Wilke
HJ, Arand M, Kinzl L (1999) New ra-
diolucent system for vertebral body re-
placement: its stability in comparison
to other systems. J Biomed Mater Res
48:82–89

4.Frankel HL, Hancock DO, Hyslop G,
Melzak J, Michaelis LS, Ungar GH,
Vernon JD, Walsh JJ (1969) The value
of postural reduction in the initial man-
agement of closed injuries of the spine
with paraplegia and tetraplegia. I. Para-
plegia 7:179–192

5.Galasko CSB (1986) Skeletal metas-
tases. Butterworths, London

References

Page 7 of 8



444

6.Harrington KD (1981) The use of
methylmethacrylate for vertebral-body
replacement and anterior stabilization
of pathological fracture-dislocations of
the spine due to metastatic malignant
disease. J Bone Joint Surg Am 63:
36–46

7.Harrington KD (1988) Anterior decom-
pression and stabilization of the spine
as a treatment for vertebral collapse
and spinal cord compression from
metastatic malignancy. Clin Orthop
233 :177–197

8.Harrington KD (1997) Orthopedic sur-
gical management of skeletal compli-
cations of malignancy. Cancer 80:
1614–1627

9.Heller JG, Zdeblick TA, Kunz DA,
McCabe R, Cooke ME (1993) Spinal
instrumentation for metastatic disease:
in vitro biomechanical analysis. J Spinal
Disord 6:17–22

10.Hosono N, Yonenobu K, Fuji T, Ebara
S, Yamashita K, Ono K (1995) Verte-
bral body replacement with a ceramic
prosthesis for metastatic spinal tumors.
Spine 20:2454–2462

11. Ignatius A, Unterricker K, Wenger K,
Richter M, Claes L (1997) A new com-
posite made of polyurethane and glass
ceramic in a loaded implant model: 
a biomechanical and histological
analysis. J Mater Sci Mater Med 8:
753–756

12.Ma YZ, Tang HF, Chai BF, Yeh YC,
Jiang LP, Zhou SB, Chen WY (1987)
The treatment of primary vertebral tu-
mors by radical resection and pros-
thetic vertebral replacement. Clin Or-
thop 215 :78–90

13.Matsui H, Tatezaki S, Tsuji H (1994)
Ceramic vertebral body replacement
for metastatic spine tumors. J Spinal
Disord 7:248–254

14.McAfee PC, Bohlman HH, Ducker T,
Eismont FJ (1986) Failure of stabiliza-
tion of the spine with methylmethacry-
late. A retrospective analysis of
twenty-four cases. J Bone Joint Surg
Am 68:1145–1157

15.Mutschler W, Woersdorfer O, Schulte
M (1993) Tumorresektionen und
rekonstruktive Eingriffe bei Wirbelsäu-
lentumoren. Orthopäde 22:189–199

16.Ono K, Yonenobu K, Ebara S, Fuji-
wara K, Yamashita K, Fuji T, Dunn EJ
(1988) Prosthetic replacement surgery
for cervical spine metastasis. Spine 13:
817–822

17.Panjabi MM (1992) The stabilizing
system of the spine. II. Neutral zone
and instability hypothesis. J Spinal
Disord 5:390–397

18.Schulte M, Hartwig E, Sarkar M,
Arand M (1998) Endoprosthetic treat-
ment of metastatic pathological frac-
tures. Anticancer Res 18:2251–2252

19.Schulte M, Kinzl L, Mutschler W
(1992) Chirurgische Therapie von
Wirbelmetastasen. Chirurg 63:912–916

20.Siegal T, Tiqva P (1985) Vertebral
body resection for epidural compres-
sion by malignant tumors. Results of
forty-seven consecutive operative pro-
cedures. J Bone Joint Surg Am 67:
375–382

21.Sundaresan N, Steinberger AA, Moore
F, Sachdev VP, Krol G, Hough L, Kel-
liher K (1996) Indications and results
of combined anterior-posterior ap-
proaches for spine tumor surgery. 
J Neurosurg 85:438–446

22.Tomita K, Kawahara N, Baba H,
Tsuchiya H, Nagata S, Toribatake Y
(1994) Total en bloc spondylectomy
for solitary spinal metastases. Int Or-
thop 18:291–298

23.Wilke HJ, Claes L, Schmitt H, Wolf S
(1994) A universal spine tester for in
vitro experiments with muscle force
stimulation. Eur Spine J 3:91–97

24.Wong DA, Fornasier VL, MacNab I
(1990) Spinal metastases: the obvious,
the occult, and the impostors. Spine 15:
1–4

Page 8 of 8




