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Abstract Unstable vertebral body fragility fractures of
the thoracolumbar spine can occur with or without rele-
vant trauma. Initially, a standardized diagnostic algorithm
including magnetic resonance tomography is recommended
to detect accompanied further vertebral body fractures, to
interpret the individual fracture stability, and to screen for
relevant traumatic intervertebral disc lesions. Aim of the
therapy is to assure fast mobilization and to maintain spi-
nal alignment. Unstable fracture morphology is defined by
vertebral body fractures including a relevant defect of the
posterior vertebral cortex as well as type B or C fractures.
With respect of type A fractures, a combined anterior—pos-
terior approach including a primary cement-augmented
posterior stabilization and anterior spondylodesis is indi-
cated in those patients with relevant intervertebral lesions
or in those suffering from high-energy accidents result-
ing in unstable burst-type fractures. The others will ben-
efit from hybrid stabilizations including cement-augmented
posterior stabilizations and cement augmentation (kyphop-
lasty) of the fractured level to gain a ventral transosseous
stability. In addition, individually adapted antiosteoporotic
therapy is essential.

Introduction

The average age of patients suffering from vertebral body
fractures is increasing over the last decades. Nowadays, a
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second peak is visible after the age of 65 [19, 20]. There are
several possible explanations for that including longer life
expectancy, increasing activity level, ongoing degenerative
changes, sagittal malalignment, and impaired bone quality
[11]. Thereby, the vertebral spine is the most prominent
location of osteoporotic fractures [8]. Interestingly, more
than 80% of trauma patients suffered from Vitamin D insuf-
ficiency possibly potentiating the effect of osteoporosis in
the future [34]. The majority of osteoporotic vertebral body
fractures are stable and can be treated conservatively. How-
ever, a considerable number of vertebral body fractures col-
lapse after mobilization or offer instability criteria. Thus,
an operative stabilization is mandatory [13]. Thereby, the
biomechanics of the vertebral spine as well as the fracture
situation have to be considered. The aim of this review is to
analyze the biomechanical background of unstable osteo-
porotic vertebral body fractures, to present a diagnostic
algorithm, to point out the indication for anterior—posterior
stabilization, and to describe surgical techniques based on
the individual patient.

Biomechanics

Fragility fractures of the vertebral body typically occur
after low-energy accidents [13]. Furthermore, it is occa-
sionally visible in patients without any trauma at all. In the
majority, these fractures offer no signs of instability with
intact posterior vertebral cortex and intact posterior liga-
ment complex. Thus, a conservative treatment is indicated.
However, this can change tremendously over the course.
The repetitive force acting on a fractured vertebral body
can be sufficient to promote regional kyphosis and/or poste-
rior vertebral cortex insufficiency. This can be explained by
several biomechanical considerations, such as the ongoing
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process of degeneration, impaired bony architecture caused
by osteoporosis, and non-physiological force vectors acting
on the vertebral bodies based on malalignment. Thereby,
vertebral column degeneration is mainly based on ongo-
ing intervertebral-disc sclerosis and subsequent loss of disc
height [11]. Thus, the intervertebral disc loses the ability to
transfer forces symmetrically leading to pressure peaks at
the anterior and posterior vertebral bodies [2]. In addition,
it was shown that a reduction of whole vertebral column
flexibility reduces the ability of stress compensation [1, 12,
27, 30]. Thus, stress peaks that act on the posterior verte-
bral body and impaired bony stability in combination with
osteoporotic fracture situation might overstrain the verte-
bral body. Furthermore, the local and regional alignment
of the vertebral column is of great importance, concern-
ing both the sagittal and coronal plane. On the one side,
increasing kyphosis leads to an anterior shift of the force
acting on the vertebral body (Fig. 1). On the other side,
scoliotic malalignment will lead to one-sided lateral stress
peaks of the affected vertebral bodies [8]. Thus, increas-
ing risk of further vertebral can be expected [3]. It has been
shown that the risk of adjacent fractures increases dispro-
portionately in dependence on the number of vertebral bod-
ies with kyphotic malalignment [17].

Classification

Historically, osteoporotic fractures were classified analo-
gous to vertebral body fractures of patients with normal
bone quality. One of the oldest fracture classifications
was developed by Holdsworth [10] and Whitesides [32]
using a two-column concept. Later, Louis [16] and Denis
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Fig. 1 Schematic drawing of the axial force distribution (red arrows)
at the vertebral body at the thoracolumbar junction in standing posi-
tion in a balanced vertebral spine without fracture deformity (a). In
contrast, a 10° wedge deformity of one vertebral body (b) leads to an
anterior shift of the downward-directed force vector (b)
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[5] introduced the three-column idea dividing the anterior
column in two parts, the anterior two-thirds of the verte-
bral body on the one side and posterior third of the verte-
bral body including the posterior cortex and the posterior
longitudinal ligament on the other side. In 1994, Magerl
et al. [18] introduced the AO comprehensive fracture
classification after analyzing a total of 1445 thoracolum-
bar vertebral fractures. Fractures of the compression type
were classified as type A fractures, whereas type Al and
A2 fractures affected the anterior column only, and type
A3 fractures additionally included the posterior cortex of
the vertebral body. In 2013, this classification has been
modified into the “AOSpine Thoracolumbar Spine Injury
Classification System” [29]. Meanwhile, specific classi-
fications for osteoporotic vertebral body fractures have
been introduced, such as the Genant score. This classi-
fication is based on the vertebral body shape on conven-
tional radiographs [15]. Just recently, the osteoporotic
fracture (OF) classification has been developed [22]. This
classification considers the fracture morphology as well
as individual patient-specific parameters such as pain sit-
uation, mobility, bone quality, and kyphotic malignment.

Diagnostic imaging

Conventional radiography in two planes is the primary
diagnostic tool in patients with suspicion of vertebral
body fractures [11]. This should be performed in all
patients with low- or moderate-energy traumas and in
those patients without known accidents but therapy-
resistant pain of no more than 6 weeks. In contrast, com-
puted tomography (CT) is indicated in patients suffering
high-energy accidents. An additional magnetic resonance
imaging (MRI) is recommended in patients with vis-
ible or high suspicion of a vertebral body fracture(s) and
an age of 60 years and older. In most patients, short-
tau inversion recovery (STIR) sequences are sufficient.
Thereby, Spiegl at al. [23] reported that in more than half
of the patients, the therapy concept was changed based on
the information obtained by MRI. In contrast, MRI with
T1 and T2 sequences should be included in patients with
a history of acute clinical signs of claudicatio spinalis
or any radiculopathy [11]. In the majority of cases, the
degree of posterior cortex lesion can be evaluated suffi-
ciently by MRI and conventional radiographs. In doubt,
an additional CT examination is necessary to interpret
bony instability correctly. Furthermore, full-spine radio-
graphs are recommended in those patients who tolerate
standing position. Thereby, the local and global align-
ment can be analyzed.
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360°-Stabilization

A posterior-only treatment concept is not advisable in
patients suffering from an unstable osteoporotic thora-
columbar vertebral fracture based on the decreased implant
fixation strength, the impaired healing potential of the frac-
tured vertebral body, and the anterior shift of the down-
ward-directed force vector [13]. In contrast, a ventral tran-
sosseous stabilization by kyphoplasty or vertebroplasty is
a proper and suitable procedure in osteoporotic vertebral
body fractures without vertebral disc lesions. The authors
prefer kyphoplasty based on the reduced cement leakage
and the improved reduction potential compared to verte-
broplasty [26, 33]. The rigid cement acts well against axial
forces making this an adequate technique for type Al (OF
1) fractures or fractures without relevant posterior cor-
tex lesion (OF 2 fractures). In contrast, the biomechanical
properties of the cement against shear forces, particularly
in osteoporotic bone situation, are questionable. Therefore,
it is advisable to perform an additional dorsal stabilization
(hybrid) to avoid shear forces in patients with posterior
cortex lesion. The combination of posterior stabilization
and the anterior intraosseous support (kyphoplasty) acts
functionally as a 360°-stabilization. This can be performed
minimally invasively by a posterior approach. Anatomic
reduction can be successfully achieved in acute fractures
by correct patient positioning in prone position and sag of
the fractured vertebral body. Analogous to the authors of
the OF classification, we believe that a 360°-stabilization
is advisable in patients with a posterior cortex lesion of
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more than 20% [22]. Similarly, an additional dorsal stabi-
lization has to be discussed in patients with type Al frac-
tures and severe kyphotic malalignement of more than 20°
particularly in the upper and mid-thoracic spine. Kyphop-
lasty alone might result in higher risk of reduction loss and
impaired clinical results, based on the biomechanics of this
fracture condition shown in Fig. 2. Particularly, too far pos-
terior cement positioning increases the risk of upper end-
plate fractures and consecutive recurrent kyphotic mala-
lignment [7]. In contrast, this risk of implant failure can
be minimized by a 360°-stabilization and adding a dorsal
implant. Additionally, the technique of a 360°-stabilization
can be done either by performing posterior stabilization
in combination with an additional anterior spondylodesis
using a cage. This has to be chosen properly.

Hybrid stabilization

The hybrid stabilization including minimally invasive
posterior cement-augmented stabilization and kyphop-
lasty of the ventral column is a well-established technique
[4] (Fig. 3). It was shown that the intraoperative blood
loss and complication rate could be reduced significantly
using minimally invasive techniques [21]. In addition, no
disadvantages in reduction potential are visible. Weiss
et al. [31] proved the ability of anatomic fracture reduc-
tion using minimally invasive instrumentation systems.
Cement augmentation of the screws is of great importance
to reduce implant failure and reduction loss [4, 25]. Fenes-
trated screws facilitate the technique of screw augmentation
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Fig. 3 69-year-old female patient who fell during an emergency stop
during a bus ride suffering an incomplete burst fracture of the first
lumbar vertebral body type AO A3, OF 3 (a—c). On the next day,
minimally invasive bisegmental cement-augmented stabilization of

tremendously. As a result of the intravertebral-disc sclero-
sis and the lower fracture threshold in osteoporotic bones,
traumatic intervertebral disc lesions are rare in patients
with osteoporotic vertebral fractures [11]. Thus, ante-
rior transosseous stabilization using cement augmenta-
tion is sufficient in the majority of those patients. Whereas
bisegmental instrumentation is sufficient in vertebral body
fractures of the thoracolumbar junction and lumbar spine,
longer dorsal constructs are necessary in fractures of the
mid or upper thoracic spine [13]. Thereby, it is important to
analyze the sagittal alignment correctly and to avoid ending
the instrumentation at the apex of kyphosis [8].

In accordance with the literature, proper hybrid stabi-
lization technique can lead to anatomic fracture reduction
without relevant postoperative reduction loss [14]. In con-
trast, patients suffering from osteoporotic vertebral fracture
treated with posterior stabilization without anterior sup-
port had significantly higher rates of reduction loss [28].
Similarly, patients treated by hybrid stabilization offered
better long-term clinical and radiological outcomes com-
pared to those treated by kyphoplasty alone [24]. Actually,
there was no difference in reduction loss between patients
with unstable osteoporotic vertebral fractures treated by
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Th 12 to L 2 including kyphoplasty of L1 was performed. Postopera-
tive radiographs illustrated anatomic reduction (d, e). After 1 year,
the patient had minimal pain (VAS: 2) with no limitations. There was
no relevant reduction loss visible after 1 year (f, g)

an anterior—posterior approach including anterior cage
implantation versus by hybrid stabilization [28].

Anterior—posterior approach

Nonwithstanding, vertebral fractures with osteoporotic
bone quality can be caused by high-energy trauma leading
to unstable fracture morphology with or without interverte-
bral disc lesion. Traditionally, these patients are treated by
an anterior—posterior approach (Fig. 4). In those patients,
cement-augmented screw implantation is recommended
[25]. In addition, it was shown that a careful endplate
preparation is of great importance to avoid reduction loss
by cage subsidence. Hoffmann et al. [9] evaluated patients
older than 60 years with unstable vertebral body fractures
of the thoracolumbar junction after an adequate trauma
treated by an anterior—posterior approach with implanta-
tion of a ventral cage. They found an average reduction loss
in all patients with intraoperative endplate defect (17%)
of 14.8°, whereas in all others, no relevant reduction loss
was visible (average: 1.3° after 3 years). Generally, the out-
come was promising with no or minimal limitations in the
majority of patients (86%) and moderate limitations in the
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Fig. 4 69-year-old male patient who fell from a height of 3 m while
cutting the tree. Initially, a polytrauma CT examination was per-
formed showing a complete burst fracture of L2 type A4, OF 4 (a).
Surgery was done on the same day, performing a posterior bisegmen-
tal cement-augmented stabilization from L1 to L3 (b, ¢). An addi-

others. Alternatively, cement augmentation of the vertebral
body accompanied to the anterior cage has been reported.
Thus, relevant cage incidences with reduction loss could be
avoided [6]. This technique is particularly recommended
in those patients with intraoperative suspicion of endplate
lesions accompanied to the cage.

Whereas the majority of our adult patients below the age
of 60 years are treated by an anterior—posterior approach
including cage implantation at the ventral column, our
older patients, 70 years of age or older, are mainly treated
by hybrid stabilization. Meanwhile, both techniques were
used in our patients aged between 60 and 70 years. There-
fore, we examined this patient collective between 60 and
70 years of age with unstable thoracolumbar fractures after
acute trauma of moderate to high energy. All patients were
treated surgically in 2013 and 2014. A total of 20 patients
were treated by hybrid stabilization, whereas an ante-
rior—posterior approach was done in 14 patients. After a
minimum follow-up of 12 months, there was no significant
difference regarding the average ODI score (hybrid: 24.9;
anterior-posterior: 16.0). In addition, there was no signifi-
cant difference in the pain situation, patients’ satisfaction
level as well as the physical and mental summary score
(SF 36 score). However, the anterior—posterior concept

tional anterior spondylodesis and partial corporectomy of L2 and
implanting a cage was performed 8 weeks after trauma (d, e). The
patient had only minimal pain after 1 year (VAS: 1) and had no limi-
tations (ODI-score: 0). The radiographic control after 1 year showed
no reduction loss and correct implant positioning (f, g)

represents the more complex strategy, being associated
with two surgeries and a significantly longer hospital stay.
Based on those results, a 360°-stabilization using anterior
transosseous stabilization (kyphoplasty) might be a suffi-
cient therapy strategy in patients 60 years and older without
traumatic vertebral disc lesion. On the other hand, patients
with accompanying intervertebral disc lesion and those
who are biologically young and very active might benefit
from a more complex anterior—posterior approach.

Conclusions

An MRI should be part of the diagnostic workup prior to
surgery, to rule out accompanying further lesions such as
bone oedema and vertebral disc lesions.

A 360°-stabilization in osteoporotic vertebral fractures
of the thoracolumbar spine is indicated in patients with
acute or subacute fracture situation and relevant lesion of
the posterior cortex and in patients with severe kyphotic
malalignment (>20°).

Whereas an anterior—posterior approach including ven-
tral spondylodesis is indicated in patients with accompa-
nying relevant intervertebral disc lesion and biologically
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young and active patients, we see the indication for a
hybrid stabilization in older patients without disc lesion
and the above-mentioned fracture situation.
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