
Introduction

A large percentage of unstable vertebral fractures of the
thoracolumbar spine involve a destruction of the anterior
column. In burst fractures, imploded intervertebral disc
material prevents osseous consolidation, so that posterior
reduction and instrumentation frequently lead to unsatis-
factory results. To achieve the treatment objective of anatom-
ical reconstruction, it is frequently necessary to addition-
ally revise and stabilize the anterior column.

Minimally invasive techniques are becoming more wide-
spread, especially in anterior spinal surgery, due to im-
proved technologies [3, 4, 5, 14, 16, 22, 24, 25, 29]. Sta-
bilization plays an important role in spinal fracture treat-
ment. Sophisticated systems like the Z-plate or the MACS
TL system have been developed for endoscopic applica-
tion [3, 16, 22, 24, 29]. Because of these improvements
monosegmental fusion has become an alternative in the
minimally invasive treatment of A 3.1 fractures [3, 4, 5,

16, 24, 29]. After removal of the disc, stabilization was
performed with structural bone graft and overbridging mono-
segmental stabilization between the adjacent endplate and
the impacted vertebral body, to prevent postoperative loss
of correction and kyphotic deformity [16].

Due to these modern techniques, it was possible to
minimize the approach-related trauma of the anterior pro-
cedure. However, donor site morbidity such as pain and
dysesthesia at the iliac crest are becoming more important
problems [2, 6].

The search for an alternative reconstruction material is
still under way and ranges from the use of fibula via rib
segments to titanium bodies for vertebral body replace-
ment [7, 9, 11, 12, 17, 18, 20, 28, 30]. Problems include
cost, lack of long-term results concerning osseointegra-
tion and sintering, loosening and mechanical failure of
spacers.

Other alternatives include allogenous transplants, with
the residual risk of transmitting infections and the neces-
sity of cost-intensive bone-bank management.

Abstract We investigated the osseo-
integration of solvent-preserved,
xenogenous cancellous bone blocks
in the treatment of unstable fractures
of the thoracolumbar junction. In 
22 patients, the anterior repair proce-
dure was performed by thoracoscopy
or minimally invasive retroperitoneal
surgery. Twenty-two patients had
undergone monosegmental anterior
fusion and were surveyed prospec-
tively. Solvent-preserved, bovine
cancellous bone blocks were used in
11 patients; iliac crest bone graft was
used in the others. Follow-up after
12 months included CT scans, which
revealed successful osseointegration
in eight out of 11 patients who had

received autogenous iliac crest bone
grafts, while three patients showed a
partial integration. There were no
graft fragmentations. In patients who
had received solvent-preserved,
xenogenous cancellous bone blocks,
complete osseointegration was
achieved at the graft–bone interface
in only two out of 11 cases, after 
1 year. Partial integration was found
in three patients. In view of these
results, autogenous iliac crest bone
grafts are still the unrivalled standard
for defect repair in spinal surgery.

Keywords Thoracolumbar burst
fractures · Stabilization · Strut graft ·
Autograft · Xenograft

ORIGINAL ARTICLE
Eur Spine J (2005) 14 : 192–196
DOI 10.1007/s00586-004-0764-7

Markus Schultheiss 
Michael Sarkar 
Markus Arand 
Michael Kramer 
Hans-Joachim Wilke 
Lothar Kinzl 
Erich Hartwig

Solvent-preserved, 
bovine cancellous bone blocks 
used for reconstruction 
of thoracolumbar fractures 
in minimally invasive spinal surgery –
first clinical results

Received: 18 September 2001 
Revised: 18 May 2004 
Accepted: 28 May 2004 
Published online: 10 July 2004
© Springer-Verlag 2004

M. Schultheiss (✉) · M. Sarkar · M. Arand ·
M. Kramer · L. Kinzl · E. Hartwig
Department of Trauma, 
Hand and Reconstructive Surgery, 
University of Ulm, 
Steinhövelstraße 9, 89075 Ulm, Germany
Tel.: +49-731-50027350, 
Fax: +49-731-50027349,
e-mail: 
markus.schultheiss@medizin.uni-ulm.de

H.-J. Wilke
Institute of Orthopedic Research 
and Biomechanics, University of Ulm,
Ulm, Germany



With the introduction of bovine, solvent-preserved
cancellous bone blocks (Tutoplast bovine cancellous bone
block, Tutogen, Erlangen, Germany) a European Com-
munity-certified bone material is commercially available
in standardized sizes. In vitro tests showed a high bio-
mechanical resistance to axial loads, and osseointegration
was observed in an animal model [10].

The aim of this study was the comparison of the osseo-
integration of autogenous iliac crest strut grafts or Tutoplast
solvent-preserved, bovine cancellous bone blocks in mono-
segmental anterior fusion in the minimally invasive treat-
ment of thoracolumbar fractures.

Material and methods

In 22 patients suffering from spine fractures, an endoscopic (T3–L1)
or minimally invasive retroperitoneal monosegmental (L2–L4) fu-
sion was performed [3, 4, 5, 16, 29].

Twenty-one fresh fractures and one old fracture were treated
(Table 1). Mean age of the six female and 16 male patients was
39±14 years. Indications for operative treatment were restrictively
evaluated according to the Magerl classification, after preoperative
X-ray and CT scan, individually and independently from the tech-
nique of an anterior procedure [21].

According to the nature of the injury and AO (German
acronym for “the working group on osteosynthesis”) classification,
patients with type B and C distraction and/or rotation signs, or pa-
tients with a neurological deficit associated with higher-grade
structural damage to the vertebral body, were stabilized by a com-
bined anterior-posterior instrumentation. In some type A compres-
sion injuries only an anterior procedure with monosegmental sta-
bilization was performed. Indications for an additional anterior
procedure after a dorsal instrumentation were a significant narrow-
ing of the spinal canal and/or the necessity of a reconstruction of the
weight-bearing column because of higher-grade structural damage
and anterior misalignment.

Most patients underwent posterior stabilization under emer-
gency conditions, in the case of neurological deficits with laminec-
tomy, using the Universal Spine System (USS, Stratec Medical,
Umkirch, Switzerland) or the Compression Plate System (Litos,
Hamburg, Germany) for posterior instrumentation (Fig. 2).

All patients were informed about the alternatives to the bone
material to be implanted. Bone graft implantation was performed
using a press-fit technique and a fixed-angle four-point implant
was used anteriorly to achieve a high primary stability (MACS TL,
Aesculap, Tuttlingen, Germany) or Z-Plate (Medtronic Sofamor
Danek, Minneapolis, USA) in thoracoscopic or minimally invasive
technique [29]. Autogenous grafts were obtained with chisels from
the iliac crest as three-cortical structural grafts.

Solvent-preserved, bovine cancellous bone blocks were used in
11 of these patients (average age 40±12 years) (Tutoplast bovine,
cancellous bone blocks, Tutogen, Erlangen, Germany); autolo-
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Table 1 Clinical data of patients (f female, m male)

Patient Sex Stabilization Osseointegration
No.

Age Follow-up Level AO Anterior Posterior Segment Time Full Partial No Fragment
(month) classifica- (min)

tion type

Autogenous iliac crest strut graft
1 f 26 12 T6 C x – T6/T7 175 x – – – 
2 m 63 12 L3 A3 x x L2/L3 180 – x – – 
3 m 35 12 L2 A1 x x L2/L3 90 x – – – 
4 f 59 12 L2 A31 x x L1/L2 150 x – – – 
5 m 41 12 L1 Correction x x T12/L1 180 x – – – 
6 m 28 12 T8 A31 x x T7/T8 180 x – – – 
7 m 20 12 L4 C x x L3/L4 200 x – – – 
9 m 60 12 T12 A31 x x T12/L1 160 – x – – 

10 f 43 12 L1 A31 x x T12/L1 120 x – – – 
11 m 40 12 T12 A31 x x T11/L1 150 – x – – 

Tutoplast block
1 f 41 12 L1 C x x T12/L1 180 – – x x 
2 m 44 12 L1 A31 x – T12/L1 240 x – – – 
3 m 45 12 L1 A31 x x T12/L1 150 – – x x 
4 f 18 12 L2 A31 x – T12/L1 120 – x – – 
5a m 46 12 L1 A31 x x T12/L1 180 (x) – x – 
6a m 50 12 L1 A31 x x T12/L1 120 (x) – x – 
7b m 37 12 L1 A31 x x T12/L1 160 – – x x 
8 m 27 12 L1 C x x T12/L1 180 x – – – 
9 m 21 12 T11 A31 x x T10/T11 200 – x – – 

10 f 51 12 L2 A31 x x L1/L2 190 – – x x 
11 m 55 12 T11 A31 x – T11/T12 130 – x – –

aAnterior bony overbridging along the anterior ligament
bImplant failure



gous, tricortical iliac crest strut grafts were used in the others (av-
erage age 39±16 years). Due to the given sizes (maximum height
of 3 cm), we only used Tutoplast blocks (10 mm×10 mm×20 mm
or 20 mm×20 mm×30 mm) for monosegmental fusion in this study.
During the operative procedure, the material is easy to manipulate
and can be adapted well. A high primary resistance to pressure was
described by the manufacturer (153 kg/mm2).

The radiological and clinical examination was performed after
6 months and 12 months according to the standard of the DGU
(German Society of Trauma Surgery) working group on spine sur-
gery, with the help of a typical spine score for evaluating pain
symptoms and subjective overall assessment of level of activity,
and radiological findings [18]. Conventional X-ray with antero-
posterior and side view and CT scans were done with thin slices
(1.5 mm) (Phillips MX 8000 IDT, Germany). Osseointegration was
evaluated together with a radiologist in the proximal and distal re-
gions of the graft bed via CT scan with sagittal, coronal and hori-
zontal visualization. Complete osseointegration was considered ra-
diologically as bony integration at the cranial and caudal endplates
of the bone graft in the graft bed. Partial osseointegration was con-
sidered to exist if one of the two contact areas integrated. If no
bony bridging occurred the graft was considered not integrated.

Results

All 22 patients were followed up. CT scans after 12 months
revealed osseointegration in eight out of 11 patients who had
received autogenous iliac crest grafts, while three patients
showed a partial integration. There were no graft fractures.

In the Tutoplast group complete osseointegration was
demonstrated in two cases at the contact areas (Fig. 1). In
two patients, bridging ossifications along the anterior spi-
nal ligament had formed, but the bone substitute was not
integrated at the contact areas (Fig. 2). Partial integration
of the cancellous bone block was found in another three
patients (Fig. 3). No osseous integration at all was seen in
four cases.

In four cases, graft morphology of the bovine material
suffered fragmentation with consecutive sclerosing of the
graft bed (Fig. 4).

In one of these patients, implant failure occurred ventrally,
with a loss of correction of 30°, thus an operative revision

was required. Clinical findings of an infection were estab-
lished during the intervention; however, pathogens could
not be identified (Fig. 5). After replacement with an auto-
genous iliac crest strut graft and stabilization, complete
healing occurred within the next 6 months.

A median loss of correction of 5 was measured in both
groups. The 90th percentiles ranged from +2° to –15 for
the autogenous iliac crest strut graft and from –2° to –10
when Tutoplast material was used.

Discussion

The study compared the osseointegration of autogenous,
tricortical iliac crest strut grafts and Tutoplast solvent-pre-
served, bovine cancellous bone blocks in monosegmental
minimally invasive anterior fusion. After 12 months com-
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Fig. 1 Complete osseointegration of a Tutoplast block: preopera-
tive (left), after 12 months (right)

Fig. 2 Partial osseointegration (cranial) of a Tutoplast block

Fig. 3 No osseointegration of a Tutoplast block at the interface of
bone substitute and vertebral body; overbridging bone along the
anterior ligament



plete osseointegration was demonstrated in eight of 11 pa-
tients with autogenous grafts but only two of 11 with the
bone substitute.

Since the introduction of minimally invasive procedures
in spinal surgery, the approach-related trauma for anterior
fusions has been considerably reduced in thoracolumbar
fracture treatment. Monosegmental fusion of A 3.1 frac-
tures is becoming more widespread, especially in thoraco-
scopically and minimally invasive spinal surgery, due to
dedicated stabilization systems [3, 4, 5, 16, 22, 24, 29].
Fracture classification with regard to the existing ventral
defect was comparable for all patients in this study, since
only fractures eligible for monosegmental anterior repair
were included. Instrumentation was mostly performed com-
bined with angle-stable implants. Due to the minimally in-
vasive technique, clinical outcome resulted in decreased
approach-related pain.

Postoperative discomfort due to the harvesting of cor-
ticocancellous bone grafts from the iliac crest is an in-
creasingly important problem [2, 4, 6, 16]. This fact and
complication rates of up to 39% lead us to search for al-

ternative ways to reconstruct the anterior column [2, 26].
This includes allogenous transplants, with the residual
risk of transmitting infections and the necessity of a cost-
intensive bone-bank management. Several spacers for
vertebral body replacement are currently on the market.
However, these are expensive alternatives, and there is a
lack of long-term results considering the osseointegration
of these spacers with mounted cancellous bone, sintering
and loosening. For the most part, only primary stability
tests have been presented [1, 7, 11, 12, 20, 23, 28]. Good
long-term results with strut grafting and anterior stabiliza-
tion were published only by Kaneda [15]. With the intro-
duction of bovine, solvent-preserved cancellous bone blocks,
there are European Community-certified bone materials
available. There is no risk of transmission of infection by
the material, due to the sterilization procedures performed
[13]. Animal studies showed a proper osteogenous inte-
gration of the material [10]. However, to overcome the
antigenicity of xenogenous tissues, the grafts are submit-
ted to a chemical process that ensures their biotolerance,
but also reduces their osteoinductive potential.

In our study, we investigated the integration behavior
of solvent-preserved, bovine cancellous bone blocks com-
pared to autogenous, tricortical iliac crest strut grafts. In
contrast to the animal studies [10] the comparison of the
integration behavior of the solvent-preserved, cancellous
bone blocks showed a marked delay compared with auto-
genous iliac crest strut grafts.

Complete osseointegration was demonstrated only in
two cases in the bone substitute group. Due to their pri-
mary stability, the bovine, solvent-preserved cancellous
bone blocks tolerate the initial postoperative load bearing.
However, the delayed bony ingrowth led to fragmentation
and fissurations. Eventually, immunological processes may
affect these reactions, thus leading to implant failure, as
demonstrated in one case in this study (Fig. 5). The de-
layed ingrowth lead to anterior bony bridging along the
anterior ligament in two cases, but no osseointegration
was found at the contact area.

In the long term, the non-union rate of the solvent-
preserved cancellous bone seems to be well above the re-
ported values of 5–35% when using autogenous material
[8]. The total number of patients in this study is limited,
but due to the aforementioned results, the use of bovine
cancellous bone blocks is not considered reliable for the
spine, and, therefore, we have discontinued using this ma-
terial altogether. It is well-known that similar problems
may occur with autografts, however their failure rate ap-
pears significantly lower [19]. In view of the results ob-
tained, the autogenous iliac bone graft has to be regarded
as the standard technique for anterior reconstruction. The
rate of donor site problems should not be disregarded, but
rather their incidence should be minimized by an adequate
operative technique, respecting anatomical structures and
with a meticulous handling of the soft-tissue envelope
[27].
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Fig. 4 Fragmentation of a Tutoplast block

Fig. 5 Implant failure (left) and aseptic reaction on Tutoplast ma-
terial (right)
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