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Background: Two different procedures, used for percutaneous augmentation of vertebral compression frac-
tures were compared, with respect to height restoration and maintenance after cyclic loading. Additionally
the impact of the cement volume used was investigated.

Methods: Wedge compression fractures were created in 36 human cadavaric vertebrae (T10-L3).
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593’ W‘I’Jmi-' on Twenty-seven vertebrae were treated with the SpineJack® with different cement volumes (maximum, inter-
K;;tt?o;?asc;mpressmn ractures mediate, and no cement), and 9 vertebrae were treated with Balloon Kyphoplasty. Vertebral heights were

measured pre- and postfracture as well as after treatment and loading. Cyclic loading was performed with
10,000 cycles (1 Hz, 100-600 N).

Findings: The average anterior height after restoration was 85.56% for Kyphoplasty; 96.20% for SpineJack® no
cement; 93.44% for SpineJack® maximum and 96% for the SpineJack® intermediate group. The average cen-
tral height after restoration was 93.89% for Kyphoplasty; 100.20% for SpineJack® no cement; 99.56% for
SpineJack® maximum and 101.13% for the SpineJack® intermediate group. The average anterior height
after cyclic loading was 85.33 % for Kyphoplasty; 87.30% in the SpineJack® no cement, 92% in the SpineJack®
maximum and 87% in the SpineJack® intermediate group. The average central height after cyclic loading was
92% for Kyphoplasty; 93.80% in the SpineJack® no cement; 98.56% in the SpineJack® maximum and 94.25% in
the SpineJack® intermediate group.

Interpretation: Height restoration was significantly better for the SpineJack® group compared to Kyphoplasty.
Height maintenance was dependent on the cement volume used. The group with the SpineJack® without ce-
ment nevertheless showed better results in height maintenance, yet the statistical significance could not be
demonstrated.
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Cement volume
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1. Introduction (VP) and Balloon kyphoplasty (BKP) have been well established proce-

dures to address painful osteoporotic vertebral compression fractures.

According to the literature the age adjusted annual incidence of
vertebral compression fractures (VCF) in Europe is 10.7/1000 in
women and 5.7/1000 in men and furthermore is markedly increasing
with age (Felsenberg et al., 2002). The treatment of osteoporotic verte-
bral compression fractures using transpedicular cement augmentation
has grown significantly over the last two decades. Balloon kyphoplasty
was developed to offer the opportunity to restore the vertebral height
and to improve the sagittal alignment. Percutaneous vertebroplasty
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BKP has become a popular technique leading to improved pain
reduction and lower complication rates (e.g. cement leakage) compared
to standard vertebroplasty (Kim et al.,, 2012; Lee et al., 2009; Wardlaw
et al., 2009). Several systematic reviews have reported efficacy with
regard to significant pain reduction in 87% of the patients undergoing
vertebroplasty and in 92% of the patients undergoing Kyphoplasty
(Hulme et al., 2006). Overall, the complication rate of both procedures
is considered to be low (Taylor et al., 2006).

According to the criteria of evidence-based medicine, there are only
two level Ib evidence studies (Boonen et al., 2011; Wardlaw et al., 2009)
that show the benefits of Balloon kyphoplasty compared to conserva-
tive treatment especially in the early stage after osteoporotic fractures.
The level la studies comparing vertebroplasty and conservative
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treatment show inconsistent results and have been discussed in detail
elsewhere (Buchbinder et al., 2008; Kallmes et al., 2009).

Most scientist and clinicians agree that the pain control, which is
still the main treatment goal in vertebroplasty and Kyphoplasty, is
independent from the cement volume used. In some fractures, espe-
cially in fresh fractures, burst fractures or traumatic fractures in
patients with osteoporosis, the cement has an important stabilizing
function. Controversy still exists over how much cement should be
used. Some authors believe in complete filling of the vertebral body
(as much as possible), some authors believe that a lot of cement has a
negative influence on bone healing or might even increase the rate of
adjacent fractures since the elastic modulus of the treated vertebral
body is increased.

The discussion about which kind and how much cement should be
used in younger patients is even more controversial (Lewis, 2011;
Maestretti et al., 2007). There is consensus that as few cement as
possible should be injected.

Balloon kyphoplasty was designed to improve patients' safety. Espe-
cially the cement leakage that occurred in percutaneous vertebroplasty
was addressed by this technique. By inflation of the Balloon the sur-
rounding trabecular bone is compressed. A void is created in which
the cement, which is of higher viscosity than in vertebroplasty can be
injected.

The aim of the present study was to evaluate two different proce-
dures, used for percutaneous augmentation of vertebral compression
fractures, with respect to height restoration and height maintenance
after cyclic loading. Additionally the impact of the cement volume
used was investigated.

2. Methods
2.1. Specimens

To analyze the performance of the Balloon kyphoplasty and
SpineJack® procedures it was necessary to create similar conditions
for both devices. 36 vertebral bodies (T10-L3) of six intact fresh
human cadaveric spines of Caucasian females with a mean donor
age of 84.5 years (range 79-93 years) and a mean Body Mass Index
(BMI) of 23.1 (range 14-32.9 kg/m?) were used. Specimens were
stored at —20 °C. Prior to surgery a CT-scan of the spine was
performed to identify any pathology, especially preexistent vertebral
fractures or deformities. In addition, bone density was measured for
all vertebral bodies separately, which showed substantial osteoporosis
Bone Mineral Density (BMD 0.38 g/cm?, range = 0.196-0.531, SD =
0.08). The spines were dissected into single vertebral bodies and the
surrounding soft tissues were completely removed. The laminae and
spinal processes were kept in place. Altogether 36 undamaged vertebral
bodies were prepared. The vertebral bodies were assigned to four
groups, with homogeneous distributions of vertebral levels and donors.
The four groups were randomized to the four different treatments
Afterwards the endplates were embedded in Technovit 3040, Heraeus
Kulzer, Wehrheim, Germany (cold-curing resin for surface testing and
impressions, Kulzer, Germany (Fig. 1)).

Twenty seven vertebral bodies were treated with the SpineJack® (S],
Vexim, France). This group was subdivided into three groups. In 9
vertebral bodies the maximum amount of cement was used (cementing
was stopped, when leakage was observed), in 10 vertebral bodies no
cement was used at all. In 8 vertebral bodies only a little amount of
cement (just around the SpineJack®) was injected. Nine vertebral
bodies were treated with Balloon Kyphoplasty, Kyphon Medtronic,
Sunnyvale, USA (BKP, Kyphon, Medtronic) (Fig. 4).

2.2. Fracture generation and experimental groups

Vertebral heights were measured at the anterior wall as well as in
the center of the vertebral bodies in the medial sagittal plane after

Fig. 1. Setting during surgery. The vertebral body is positioned in the custom made
loading frame, loaded with 100 N. In this picture the image intensifier is placed for
lateral imaging. The embedded endplates and holding devices for the vertebral body
is clearly visible. The set-up for the fracture creation was similar regarding holding
devices and load transfer.

multiplanar reconstruction of the CT-scans. Vertebral wedge compression
fractures were created by a material testing machine (Universal Testing
Machine, Instron 5566, Instron, Pfungstadt, Germany). The endplates of
the vertebral bodies were embedded in Technovit and placed in a plastic
device. The load was transferred by a pivot mounted pressure plate that
was placed on the plastic holding device on the superior vertebral
endplate (Fig. 1). The main vector of the axial force was centered in the
sagittal midline at the end of the anterior third of the vertebral body.

The axial load was continuously increased (1 mm/min load applica-
tion velocity) until the height of the anterior edge of the vertebral body
was reduced by 40% of the initial measured values. The load was
maintained for 15 min. The maximum load that was needed to create
the fracture, the load at the time when 40% of height reduction was
achieved as well as the loads after 15 min was recorded.

After 15 min the load was manually decreased to 100 N. The dis-
tances at 40% and after reducing the load to 100 N were also recorded.
The vertebral bodies were then fixed in this position on a radiolucent
clamp. The clamp was a custom made device that is radiolucent and
able to fix the vertebral bodies in a certain position during processing,
CT-imaging and transporting to make sure that no spontaneous change
of height occurs. After clamping at the 100 N position a post-fracture
computed tomography was carried out. Anterior and central heights
of the vertebral bodies were measured.

Short description of the techniques used:

Balloon kyphoplasty (Kyphon, Medtronic)

In Balloon kyphoplasty, two guide wires are placed through both
pedicles using Jamshidi-Needles, Kyphon, Medtronic, Sunnyvale,
CA, USA. After insertion of two working cannulae, two inflatable
bone tamps were advanced into the broken vertebral body. They
were inflated until height restoration was observed. The bone
tamps were then deflated and withdrawn. The cavity was filled
with KyphX® HV-R™ Viscosity, Radiopaque Bone Cement, Kyphon,
Medtronic, Sunnyvale, CA, USA High Viscosity, Radiopaque Bone
Cement, according to the manufacturer's recommendations or
instructions for use.

SpinejJack® (Vexim)

The SpineJack® implant is made of titanium alloy (Ti6Al4V). Access
into the vertebrae using the SpineJack® device is similar to Balloon
kyphoplasty. After insertion of the two guide wires, the pedicle
and vertebral body is reamed to achieve a space for the insertion
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of the implant. After reaming, the later position of the implant is
simulated by a template. The position of the template is controlled
in two planes by a C-arm. The template is replaced by the implants.
The implant is opened in the cranio-caudal direction using visualiza-
tion with an image intensifier in two planes. After positioning and
opening of the implant, Cohesion® (Vexim, Balma, France) bone ce-
ment is injected under fluoroscopic control in two planes.

2.3. Instrumentation

All procedures were performed by the same surgeon using an image
intensifier. The placement of the k-wires was monitored by fluoroscopic
control in 3 planes (a.p., lateral and cranio-caudal) by turning the
clamped vertebral bodies under the image intensifier.

As previously described, the vertebral bodies were fixed in a radiolu-
cent clamp after fracture creation and reduction of the axial load to
100 N (Fig. 1). After post fracture computed tomography, the clamped
vertebral bodies were placed in a custom made loading frame. This
frame allowed fluoroscopic control in 2 planes as well as constant load-
ing with a preload of 100 N. The axial force was again centered in the
sagittal midline at the end of the anterior third of the vertebral body
(Fig. 1). After positioning of the specimens in the loading frame a load
of 100 N was applied, the clamp was loosened and the load was kept
during the instrumentation until the cement completely set.

To obtain a relevant result, clinical judgment was used to proceed
with or stop the cement injection in the groups with the maximum
cement volumes. The aim of cement augmentation in the maximum
volume groups in this experimental setting was to fill the vertebral
body as much as possible. Cementing was stopped when leakage
was observed. The rationale was to fix the specimens as solidly as
possible after treatment. This technique was used in the BKP as well
as in the SpineJack® maximum cement group.

After the cement had completely hardened the clamp was closed
again, the load was released and a post treatment computed tomogra-
phy was performed. After computed tomography cyclic loading was
performed using a servohydraulic Test Bench (Bose Electroforce LM2
Test Bench, Bose, Friedrichsdorf, Germany) with 10,000 cycles (1 Hz,
100-600 N) according to previously used loading protocols in this
field (Kettler et al., 2006; Wilke et al., 2006). The load was again trans-
ferred by a pivot mounted pressure plate that was placed on the plastic
holding device on the superior vertebral endplate (Fig. 1). The main
vector of the axial force was centered in the sagittal midline at the
end of the anterior third of the vertebral body. Rotational forces were
not applied or measured.

The fourth computed tomography was performed after the loading.
In all CT scans anterior and central heights of the vertebral body were
measured and compared.

3. Results

For all parameters determined, the results are expressed as means,
ranges and standard deviations (SD). The test of significance between
results from study pairs was conducted by using Tukey's test with sig-
nificance P < 0.05. Tukey's test is essentially a t-test, except that it
corrects the type I error rate when multiple comparisons are being
made. Tukey's test is more suitable for multiple comparisons than
performing a series of t-tests.

In all vertebral bodies compression fractures could be established.
According to the OTA classification they were all A-type fractures. The
average force needed to create the fracture was 3090.9 N (range
1371.3-5810.0 N; SD = 1012.0). The average axial force that was
recorded when the anterior height of the vertebral bodies was reduced
by 40% and the loading frame was stopped was 2514.4 N (range 841.0-
4522.0 N; SD = 1081.0). After 15 min the recorded loads (with fixed

loading frame) reduced themselves to 15253 N (range 490.0-
2752.0 N; SD = 693). After manually moving back the traverse until a
load of 100 N was reached the average distance on the traverse was
1.4 mm (range 0.6-2.6 mm; SD = 0.55 mm).

The average maximum pressure of the Balloons during inflation was
218.9 psi (120-350 psi; SD = 62.7), the average total volume of both
Balloons used for inflation was 10.1 ml (range 8-14 ml; SD = 1.67).
The average cement volume used in the Balloon-kyphoplasty group
was 8.3 ml (range 6-10.5 ml; SD = 1.28). The average cement volume
used in the maximum cement SpineJack group was 9.6 ml (range 7.2-
12.6 ml; SD = 1.84). The difference in the injected cement volumes
in between these groups was not significant (P = 0.09). The average
cement volume used in the group with only cement around the
SpineJack was 1.8 ml (range 1.3-2.4 ml; SD = 0.32). The difference in
the injected cement volumes in between the SpineJack groups with
maximum or small cement was significant (P < 0.05).

The average anterior and central heights measured as percentages
of the initial unfractured vertebral bodies are listed in Table 1. Figs. 2
and 3 show the heights in bar graphs. Using Tukey's test for statistical
analysis between all four groups there was a statistical difference for an-
terior height restoration between the groups BKP vs. NoC (P = 0.01)
and BKP vs. CiSJ (P = 0.019). All other differences for anterior or central
heights after fracture, treatment or loading showed no statistical signif-
icance (P > 0.05).

All CT scans were analyzed for deployed heights and position of the
SpineJack® implant. At first the deployed heights of the SpineJack®
implant were measured before and after recompression. Compression
or failure of the implants was not seen. Cutting through of the endplates
was not seen in any case.

Dependent on the cement volume used there were differences in the
rotation of the SpineJack® tool. The average rotation of the SpineJack®
in the No-Cement group was 6.85° (range 0.80° to 28.05°; SD = 8.50).
The average rotation of the SpineJack® in the Cement inside SJ group
was 2.60° (range 0.15° to 6.20°; SD = 2.25°). The average rotation of
the SpineJack® in the Max-Cement group was 2.02° (range 0.30° to
5.00°; SD = 1.43). There were no significant differences between the
groups: NoC and CiS] (P = 0.243); NoC and MAX (P = 0.149) and
CiSJ and MAX (P = 0.947).

4. Discussion

The first treatment goal of cement augmentation was pain reduction
in painful hemangiomas (Galibert et al., 1987). After successful and
promising results the indication was extended for painful osteoporotic
fractures. Because of a high grade of cement leakage Balloon
kyphoplasty was developed to create a void prior to cement injection
with the idea of injecting cement with higher viscosity in a preformed
void using less pressure (Hulme et al, 2006). Additionally Balloon
kyphoplasty offered the theoretical opportunity to restore the vertebral

Table 1
Measurements of vertebral body heights in percentages of the initial values (100%)
(after fracture, after treatment and after cyclic loading) for all four treatment groups.

Balloon SpineJack  SpineJack SpineJack
Kyphoplasty No cement Intermediate Maximum
Mean/SD Mean/SD cement cement
Mean/SD Mean/SD
After fracture
Anterior (% of initial height) 82.33/6.12 82.40/6.54 77.13/8.85 76.67/5.48
Central (% of initial height) 85.66/5.15 87.30/8.04 83.88/6.62 83.56/5.55
After treatment (mm)
Anterior (mm) 85.56/5.25 96.20/6.14 96.0/8.09  93.44/7.86
Central (mm) 93.89/5.97  100.20/7.66 101.13/3.90 99.56/6.71
After cyclic loading
Anterior (mm) 85.33/6.69 87.30/7.38 87.0/11.51  92.0/7.54
Central (mm) 92.0/6.44 93.80/5.79 94.25/7.48 98.56/6.88
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Fig. 2. Anterior heights of the vertebral bodies. Results for the four groups (BKP = Balloon
kyphoplasty, S] NoC = SpineJack® without Cement, CiS] = cement inside SpineJack®
and S] Max = SpineJack® with maximum cement). CT scans were taken at four time
points. The bars represent the median percentage of the initial heights measured before
fracture at three time points (black = after fracture, light gray = after treatment and
dark gray = after cyclic loading).

height and to improve the sagittal alignment. Several clinical studies
have shown that these theoretical improvements cannot be transferred
to the clinical setting universally (Hulme et al., 2006). Voggenreiter et
al. (2005) have shown that 50% of the height restoration after Balloon
kyphoplasty is achieved by positioning the patient prone. This effect
also accounts for the height restoration that can be observed in other
cement augmentation procedures. Another 50% of the regained height
is due to the Balloon kyphoplasty procedure itself. One has to say
constrictively that the height that was gained by inflation of the
Balloons significantly decreased after deflation of the Balloons
(Voggenreiter, 2005).

The Balloons were also used for restoring the endplate anatomy or
to remove disc material from the vertebral body to improve bone
healing. Oner et al. (2006) and Verlaan et al. (2005) described the
concept of Balloon Assisted Endplate Reduction (BAER). Verlaan
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Fig. 3. Central heights of the vertebral bodies. Results for the four groups (BKP = Balloon
kyphoplasty, S] NoC = SpineJack® without cement, CiS] = cement inside SpineJack®
and SJ] Max = SpineJack® with maximum cement). CT scans were taken at four time
points. The bars represent the median percentage of the initial heights measured before
fracture at three time points (black = after fracture, light gray = after treatment and
dark gray = after cyclic loading).

Fig. 4. Representative three dimensional reconstructions of a vertebral body treated
with the SpineJack® implant. A) = top view, B) = lateral view. The vertebral body,
cement (white) and implants (blue) are clearly visible.

et al. (2005) found comparable results as Voggenreiter (2005). The
reduction of the endplates that was achieved by inflation of the Balloons
could not be maintained completely after deflation. The goal of height
restoration and “anatomical” reposition of the endplates becomes
more interesting in unstable fractures, burst fractures (Kruger et al.,
2010) or in the treatment of younger patients (Maestretti et al., 2007).

There are several explanations why the height that can be achieved
besides positioning of the patient during Balloon inflation cannot be
maintained after deflation of the Balloon. One reason is the compressive
forces that act on the spine after deflation of the Balloon. To our knowl-
edge there are no present studies that describe or objectify these forces.
Another reason is the ligamentotaxis that will act in the opposite direc-
tion than the expansion forces. There is only little knowledge on how
much pressure acts on the broken vertebral body in prone position.
The spinal load calculated on the L4-L5 disc was 144 N in prone (Sato
et al, 1999). In our specimens with vertebral compression fractures
and a reduction of the anterior height of 40% we observed that the
vertebrae virtually acted like sponges and tended to reexpand after
reduction of the load. After manually moving back the traverse until a
load of 100 N was reached the average distance on the traverse was
14 mm (range 0.6-2.6 mm; +0.55 mm). This height restoration was
spontaneous without manipulation or intravertebral expansion of a
device. This spontaneous reexpansion makes a continuous load on the
vertebral bodies mandatory. For this reason different authors have
used continuous loads on the vertebral bodies during manipulation
(Kettler et al., 2006; Rotter et al., 2010; Wilke et al., 2006). If this load
is not applied, a height restoration will be measured that is not related
to the device or technique used and will result in not representative
values. We decided for the lowest force used in the quoted literature
which was 100 N.

The interdigitation of the cement as well as the cement volume used
have been discussed as reasons for primary stability as well as for
recompression of the treated vertebral body (Kriiger et al, 2012).
Most scientists and clinicians agree that pain control, which remains
the main goal in the treatment of osteoporotic vertebral compression
fractures by means of vertebroplasty and Kyphoplasty, is independent
of the cement volume used. In some fractures, especially in fresh or
mobile fractures, burst fractures or traumatic fractures in patients
with osteoporosis, the cement has an important stabilizing function. It
is still controversial how much cement should be used. Some authors
believe in complete filling of the vertebral body (as much as possible),
some authors believe that a lot of cement has a negative influence on
bone healing or might even increase the rate of adjacent fractures
since the elastic module of the treated vertebral body is increased.

The discussion about which kind and how much cement should be
used in younger patients is even more controversial. Some authors do
not recommend cementing techniques in young patients since the
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long term effects are unknown. Other authors use cementing tech-
niques in young patients and report encouraging results (de Falco
et al., 2005; Maestretti et al., 2007). Independent from the techniques
used, there is consensus that the future directions in young patients
should aim on reduction of cement volumes and preserving the trabec-
ular bone.

As mentioned above Balloon kyphoplasty was designed to improve
patients' safety. Especially the cement leakage that occurred in percuta-
neous vertebroplasty was addressed by this technique (Hulme et al.,
2006). By inflation of the Balloon the surrounding trabecular bone is
compressed by high pressure. A void is created in which the cement,
which is of higher viscosity than in Vertebroplasty can be injected. The
side effect of the Balloon was the potential ability to achieve height res-
toration, especially in mobile fractures. In most cases in which the Bal-
loons are used as an intravertebral reduction device, two Balloons are
used. This also corresponds to the manufacturer's advice. The position
or direction in which the Balloons will expand during inflation cannot di-
rectly be controlled by the surgeon. If used with a bipedicular approach
the inflation pattern still is very similar in most cases of osteoporotic
bone with reduced strength of the remaining trabecular structures. The
Balloons expand until they touch in the middle of the vertebral body
(so called “kissing Balloons”) afterwards they expand to the lateral wall
of the vertebral body and towards the endplates. To achieve height resto-
ration in potentially mobile fractures the Balloons have to be inflated
with bigger volumes. So the real question for the surgeon is actually
not how much cement he wants to use, but how much the Balloons
should be inflated to observe height restoration. The inflation in mobile
fractures is stopped when the optimal height restoration is achieved.
The created void has to be filled with cement afterwards.

The idea of the SpineJack® as an intravertebral reduction device
aims at the restoration of the sagittal balance as well as at the reduction
of the endplates. The SpineJack® is positioned so that the wings can be
opened sequentially in a cranio-caudal direction. Once the height resto-
ration is achieved, the expansion is stopped and cement is injected to
stabilize the vertebral body. To date, the device is not intended to be
used as a “stand-alone device” without cement. It is unclear how
much cement is sufficient to support the SpineJack® after expansion.

All surgical procedures could be performed without technical
problems. All the equipment worked without technical difficulties.
The processing and imaging using the custom made radiolucent
clamps went according to the protocol without technical or systemic
difficulties. The cyclic loading with 10,000 cycles (100-600 N, 1 Hz)
could also be performed without technical complications.

The restored height under a preload of 100 N was significantly
higher in the SpineJack® group, compared to the Balloon-Kyphoplasty
group (Figs. 2 and 3). In the figures it is remarkable that the height
restoration was better for all SpineJack groups compared to BKP. In
the central reconstruction of the central height, an almost “anatomical”
reconstruction (100% of the nonfractured vertebrae) was possible. It
seems that in this setting with a constant preload of 100 N the
intravertebral reduction device that is kept in place results in better
height reconstruction during surgery. Comparing the maximum cement
volume that was used in the groups we found no significant difference
(P = 0.09) between the Balloon kyphoplasty (mean volume 8.3 ml;
range 6-10.5 ml; SD = 1.28) and Maximum Cement SpineJack®
group (mean volume 9.6 ml; range 7.2-12.6 ml; SD = 1.84). The aver-
age amount of cement used in the SpineJack group was higher, the
reason for this is based on the significantly increased height restoration
in the group. Increasing the height and parallel to the vertebral body
volume, higher cement volumes can be injected if maximum filling of
the vertebral body is aimed for.

The height maintenance in the SpineJack® groups was dependent
on the cement volume used (Figs. 2 and 3). The more cement was
injected, the higher the maintenance was. In osteoporotic or low quality
bone the cancellous bone is the least stable part of the vertebral body.
Since cement and implants cannot be compressed the trabecular

structures around the cement fails. The more cement is used, the bigger
the surface and thus the smaller the pressure per surface area is. This re-
sults in better height maintenance. If the vertebral body is filled
completely with cement no height loss after loading is seen. Interesting-
ly the achieved height after loading was higher in the SpineJack® stand-
alone group than in the BKP group. Analyzing the post loading CT scans
no failure or breakage of the devices was witnessed. Comparing the
CT-scans was relatively easy since the orientation in the vertebral
body and cement was facilitated by the anatomy of the implant. The
planes of the multiplanar reconstructions were aligned to the axis of
the devices. Some degree of twisting of the device was observed in
the different groups. The difference in the groups was not significant.
Since we measured twisting in the maximum cement group as well
(which is theoretically impossible) the measuring method has to be
questioned.

The orientation in the BKP group was even more complicated.
Identical planes to compare pre- and postloading results regarding
cement distribution and compression of the spongious bone around
the cement, could not be found.

5. Conclusion

The protocols for creating wedge fractures, and the instrumentation
under a constant preload of 100 N led to reproducible results and
effects. The study showed that the height restoration was significantly
better for the S] group compared to the BKP group.

Height maintenance in the S] groups was dependent upon the
cement volume. To date, we cannot recommend using the SpineJack®
stand-alone in osteoporotic bone. If the bone quality is better or if addi-
tional protection of the device (e.g. dorsal instrumentation) is achieved
cement volumes might be reduced.
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