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Abstract A prospective longitudinal
study was performed to evaluate the
vertebral body replacement system
Synex associated with posterior fix-
ation in unstable burst fractures of
the lumbar and thoracic spine.
Within 24 months, we treated 28
patients (average age, 41 years;
range, 22–64 years; 14 women, 14
men) with acute unstable burst frac-
tures without osteoporosis of the
thoracolumbar region (n=16) and
the thoracic (n=3) as well as the
lumbar (n=9) spine in two stages
(primary dorsal transpedicular stabi-
lization and secondary vertebral
body replacement). The complica-
tions were analyzed and the postop-
erative follow-up result was evalu-
ated regarding stability, bone
fusion, correction loss, pain and
neurological status. One patient
showed a transient irritation of the
lumbosacral plexus and one patient
had a superficial wound infection

(complication rate, 7.1%). At the
follow-up examination (mean fol-
low-up, 13 months) only in two
cases a minimal loss of correction
(<5°) was measured. Radiologically,
27 patients showed secure bone
fusions and all patients had stability
of the osteosynthesis. Most of the
patients stated no or just slight pain
at follow-up. Only two patients with
pain to a medium degree had to take
painkillers. The vertebral body
replacement system Synex seems to
be a good alternative for vertebral
body replacement in unstable burst
fractures of the thoracic and lumbar
spine since at present follow-up it
shows a high rate of bone fusion
and minimal loss of correction. 
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of the disc tissue and the loss of height of the vertebral
body, I favor a two-step treatment concept. In this treat-
ment concept, the burst fracture is first stabilized trans-
pedicularly. The vertebral body is then replaced with the
Synex vertebral body replacement system. Synex is a tita-
nium implant designed for the reconstruction of the ante-
rior column in cases of vertebral body destruction (e.g.
post-traumatic kyphosis, tumor, spondylitis) [10, 11]. The
biomechanical properties of this vertebral body re-
placement system have been subjected to comprehensive
testing [10]. Clinical investigations, especially radiologi-

Introduction

Unstable vertebral fractures, especially complete and
incomplete burst fractures of the thoracic and lumbar
spine without neurological deficits, can be treated in var-
ious ways. The treatment concepts range from conserva-
tive therapy via dorsal stabilization with only an internal
fixator to complex dorsal and ventral combinatory surgi-
cal treatments [1–9]. Because of the intrusion of disc tis-
sue into the fracture gap in most burst fractures, the injury
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cal investigations on the treatment of burst fractures of the
thoracic and lumbar spine, have been performed retro-
spectively on a heterogeneous group of patients, some of
whom had additional ventrolateral stabilization [11]. In
the present study, the efficiency of this vertebral body
replacement system and the occurrence of associated
complications were investigated prospectively in a group
of consecutive patients. 

Patients and methods

The study enrolled consecutive patients older than 20 years with
acute traumatic burst fractures of a single vertebra. Specifically,
they had unstable complete and incomplete burst fractures of
the thoracic (T5-T11) or thoracolumbar (T12-L1) region or
lumbar spine (L2-L5) (Magerl A 3.1 and more complex injury
pattern or Magerl B or C injuries in combination with burst
fractures). Patients were excluded if they had bone metabolism
deficiencies, especially osteoporosis. Over a 24-month period,
28 patients (14 women) of mean age 41 years (range, 22–68
years) were enrolled.

Surgical technique and characteristics of the device

The vertebral body replacement system Synex (Synthes,
Umkirch, Germany) is a pre-assembled, distractible vertebral
replacement made of titanium with a locking mechanism (Fig.
1a, b). It is available in different sizes (different sectional diam-
eters and distraction lengths) and with different inclination
angles. The vertebral replacement is introduced in a neutral state
and is then extended (Fig. 1c). If the result is not satisfactory, the
extended implant can be reset to the neutral state with an unlock-
ing instrument. The endplates of the implant must completely
touch the endplates of the adjacent vertebrae. Before implanta-

tion, the hollow cylinder is filled with autologous bone graft
from the resected vertebral body and after extension the result-
ing hollow space is again filled with bone graft material. 

In this study, bone from the resected vertebral body was
used. We attached additional autologous bone graft from the
resected vertebral body lateral to the vertebral body replace-
ment to ensure secure bone fusion. Operations were carried out
in two stages. First, a dorsal stabilization with an internal fixa-
tor was performed. After a period of 7–10 days, complete or
incomplete corporectomy was carried out. The vertebral body
was then replaced from ventral (retroperitoneal, combination
retroperitoneal-transthoracic or transthoracic depending on the
spine section) in a minimally invasive procedure using the
Synframe system (Synthes, Umkirch, Germany). A dorsal
decompression of the spinal channel was performed on three
patients using hemilaminectomy and on one patient using
laminectomy. 

Examination methods

All patients were examined radiologically and clinically. The
fracture type according to a modified Magerl classification [12]
was determined by plain radiography and computed tomogra-
phy (CT). Neurological status was documented preoperatively,
postoperatively, and in follow-up examinations according to the
classification system of the American Spinal Injury Association
(ASIA) [13]. On this scale, grade A indicates sensorimotor para-
plegia, grade B refers to retained sensory function, in grade C
some motor function is retained, in grade D motor function and
practical use are retained, and grade E indicates normal func-
tion. Stability, bone structure (lateral and ventral bone clasp
between base plate and cover plate), and correction loss were
analyzed using radiographs and X-ray movement pictures. The
kyphosis angle was measured on lateral radiographs in the neu-
tral position before and after stabilization and at the time of the
follow-up examination. The kyphosis angle (Cobb angle) was

Fig. 1a-c Synex vertebral body
replacement system (Synthes,
Umkirch, Germany). a Opera-
ting kit with different sizes.
b Close-up of the neutral state.
c Extended statea

b

c
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measured from the superior endplate of the superior adjacent
vertebral body to the inferior endplate of the inferior adjacent
vertebral body [7, 14, 15]. Fusion was investigated on CT scans
with biplanar reconstruction. A bone bridge in the cage or a lat-
eral or ventral continuous bone clasp was assumed to be a
secure bone fusion. Pain intensity was documented using the 4-
point verbal rating scale (VRS-4) as follows: grade 0, no pain;
grade 1, minimal pain, pain only during intensive physical exer-
cise; grade 2, medium pain, pain during easy exercise; and
grade 3, permanent pain [16]. Complications of the vertebral
body replacement operation were also analyzed.

Results

The study enrolled 28 consecutive patients with unstable
complete or incomplete burst fractures of a single verte-
bra (Table 1). Altogether, there were 16 fractures of the
thoracolumbar spine, 3 fractures of the thoracic spine, and
9 fractures of the lumbar spine (Table 1). According to the
modified Magerl classification, the fractures were classi-
fied as follows:
- Fracture type A, n=22 (type A 3.1, n=2; type A 3.2,

n=8; type A 3.3, n=12)
- Fracture type B in combination with a burst frac-

ture, n=3 
- Fracture type C in combination with a burst frac-

ture, n=3
At study entry, 18 patients had no neurological deficits

(ASIA grade E), eight patients had incomplete paraplegia
(grades C and D) and two had complete paraplegia (grade A).

There were no instances of hardware failure of the
vertebral body replacement system. The average time
between operation and follow-up examination was 13
months (range, 8–24 months). An average correction loss
under 1° was found. In only two cases was a minimal loss
of correction (<5°) measured. At the follow-up examina-
tion, secure bone fusions were demonstrated radiologi-
cally in 27 patients (96%). Lateral and ventral clasp for-
mation visible on plain radiographs was taken to indicate
bone fusion (Fig. 2). Alternative indications were a conti-
nuous bone structure in the cage or lateral or ventral clasp
formation visible on CT. For all patients, functional ima-
ges in both flexed and extended positions showed the
region to be stable. Most of the patients reported no or
only slight pain at follow-up. Only two patients with pain
to a medium degree had to take analgesics. The remain-
ing patients were free of pain or felt only minor pain dur-
ing or after hard physical exercise. Two patients (7.1%)
had complications: one patient developed a superficial
wound infection and the other developed an irritation of
the lumbosacral plexus. Neurological losses were not
observed at the follow-up examination.

Discussion

A number of methods of replacing the resected vertebral
body have been described. The goal in all cases is to cre-

Fig. 2 Preoperative CT scan reconstruction of a 39-year-old wo-
man (case 21) with an unstable burst fracture at L1 with incomplete
paraplegia. (a) Postoperative anteroposterior (left) and lateral
(right) radiographs after vertebral body replacement with synex
and transpedicular stabilization with USS internal fizator (Synthes
Umkirch, Germany) (b)

a

b

Fig. 3 Continuous bone structure in the cage visible on computed
tomography scans (a-c) and reconstructions (d)

a b

c d
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ate a solid and stable substitute that restores the alignment
of the spine. Different materials and design variations can
be considered for vertebral body replacement. Autologous
bone graft (pelvic, tibial, fibular, rib or femoral bone),
ceramics, carbon fiber, plastics, and metals have all been
used for vertebral body replacements [1, 9, 11, 15, 17–19].
The most common and versatile material for vertebral
body replacement has been polymethylmetacrylate
(PMMA). However, problems encountered with PMMA
vertebral body replacements include displacement of the
implant and primary inhibition of bone fusion.

The Polster-Brinkmann screw, which is made of implant
steel and can be extended by means of a thread, is easy to
incorporate into the defect after corporectomy. It allows the
straightening of the ventral spine [20]. A disadvantage of
this system is that it can only be used with PMMA and not
with bone. Furthermore, the load-carrying surface is small,
resulting in lower primary stability of the spine.

The design of Gerdinger and Hipp’s vertebral body
replacement was similar [21]. The risk of migration into
adjacent vertebral bodies was decreased by the use of
broader base plates and cover plates. The Harms cage
(titanium mesh cylinder) represents a combination of bone
and metallic support. It is made of titanium, has a broad
load-carrying surface, and can be adapted to the height of
the defect [22, 30]. The cavity is commonly filled with
bone or more rarely with PMMA. However it offers no
opportunity for ventral straightening. A design was there-
fore required which could be extended in situ and filled
with bone. The Synex vertebral body replacement system
presented in this paper can be adapted to the spine and can
be filled with autologous bone. This distractible implant
can be used for primary or secondary tumors of the tho-
racic and lumbar spine, fractures of thoracic and lumbar
vertebral bodies, and for degenerative or infectious dis-
eases that require the resection of a vertebral body. The
biomechanical studies of Knop et al. [10] indicated good
stability in combination with an internal fixator. The sta-
bility of this system was better than that of the combina-
tion of a Harms cage and an internal fixator. In addition,
further biomechanical studies on other distractible verte-
bral body replacement systems revealed that the stretching
of the cage or vertebral body device after implantation
positively influenced the primary stability. The applica-
tion of a distraction force had the same effect [10, 23].

Based on these biomechanical studies, a good postop-
erative radiological result was expected with a small post-
operative correction loss or more rarely a loosening of the
implant. Clinical results, and especially radiological
results, have not yet been analyzed with respect to bone
fusion rates. The treatment results observed between 8 and
24 months after the implantation of the Synex showed that
these vertebral body replacements allow good bone

fusion. Secure bone fusion, as indicated by lateral and
ventral clasp formation or a definite fusion of the cavity of
the distraction element, was ascertained from radiographs
and computed tomograms. At follow-up, fusion had
occurred in 96% of patients. This fusion rate is compara-
ble to the values reported in the literature, which lie
between 67% and 99%, and is considered to be good [24].
The opportunities for comparison with results reported in
the literature are limited owing to the use of different fol-
low-up examination techniques and criteria for bone
fusion. A direct comparison of fusion rates is therefore not
possible. According to the definition given by McAfee
[19], bone fusion can only be said to have occurred if
there is a radiologically proven continuous bone bridge
from end-plate to end-plate inside the cage, or bone
around the implant (Fig. 3). These criteria were used in
this study. The radiological results are also reflected in
good clinical results, especially the absence of pain. The
majority of the patients was totally or mostly pain free.
This was judged to be a good treatment result overall.

In summary, the average correction loss in most
patients was under 1°. This is better than many of the re-
sults reported in the literature. For example, a correction
loss of 3.6°–11° was found after dorsal transpedicular sta-
bilization with an internal fixator and posterior intercorpo-
ral fusion [18, 25–27]. For anterior stabilization alone, cor-
rection losses between 5° and 7° have been reported [1, 3,
8, 9, 26]. McDonough et al. [7] reported a median loss of
correction of 2° after anterior corpectomy and Z-plate fix-
ation. Especially in cases involving the anterior column,
the question of how these fractures should be approached
and stabilized (anteriorly, posteriorly, or combined antero-
posteriorly) is controversial. To date, the dorsal transpedic-
ular stabilization of unstable fractures of the thoracic or
lumbar spine with an internal fixator system is still the
standard method for surgical treatment [18, 26]. One argu-
ment in favor of the solely dorsal approach is the single-
operation, one-side procedure, which is less invasive.
However, there are currently many authors who favor sole-
ly ventral or combined dorsoventral approaches for the
treatment of complete and incomplete burst fractures [1, 3,
6, 8]. These approaches enable the anterior spine to bear
weight immediately while remaining stable and ensure
secure fusion without correction loss [10]. They are associ-
ated with longer operation times, greater stress for the
patient, and higher complication rates for the operation.
However, they afford better treatment results in terms of a
lower rate of pseudarthrosis, a higher fusion rate, lower
correction losses, and better clinical postoperative treat-
ment results, e.g. freedom from pain [18]. The positive
clinical and radiological results of the present work con-
firm this. Only two patients complained of permanent pain
(grade 2, medium pain). The remaining patients were either
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free from pain or experienced pain only during or after hard
physical exercise. The treatment result can thus be regard-
ed as positive with respect to quality of life. The complica-
tion rate among the patients was 7.1%. One patient devel-
oped a superficial wound infection, and the other had irri-
tation of the lumbosacral plexus. Neurological breakdowns
were not found at the time of the follow-up examination.
Compared with findings in the literature, the complication
rate is similar or better. Complication rates reported in the
literature for ventral approaches are between 14% and 38%
[1, 4, 9, 18, 28, 29]. With reference to the article of Knop

et al. [10] from 2002, the complication rate is good,
although a one-institute series cannot be subjected to
detailed comparison with a prospective multi-center study.
Knop et al. [10] reported an overall complication rate of
14% (complications requiring revision, 8.1%; complica-
tions not requiring revision, 5.6%). In conclusion, the ver-
tebral body replacement system Synex seems to be suitable
for the treatment of unstable burst fractures of the thoracic
and lumbar spine. Both clinical and radiological results are
positive and the occurrence of secondary dislocation and
correction loss is minimal.
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