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Third-generation percutaneous vertebral augmentation systems
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Currently, there is no general consensus about the management of osteoporotic vertebral fractures (OVF). 
In the past, conservative treatment for at least one month was deemed appropriate for the majority of 
vertebral fractures. When pain persisted after conservative treatment, it was necessary to consider surgical 
interventions including: vertebroplasty for vertebral fractures with less than 30% loss of height of the affected 
vertebral body and kyphoplasty for vertebral fractures with greater than 30% loss of height. Currently, this 
type of treatment is not feasible. Herein we review the characteristics and methods of operation of three 
of the most common percutaneous vertebral augmentation systems (PVAS) for the treatment of OVF: 
Vertebral Body Stenting® (VBS), OsseoFix® and Spine Jack®. VBS is a titanium device accompanied by a 
hydraulic (as opposed to mechanical) working system which allows a partial and not immediate possibility 
to control the opening of the device. On the other hand, OsseoFix® and Spine Jack® are accompanied by a 
mechanical working system which allows a progressive and controlled reduction of the vertebral fracture. 
Another important aspect to consider is the vertebral body height recovery. OsseoFix® has an indirect 
mechanism of action: the compaction of the trabecular bone causes an increase in the vertebral body 
height. Unlike the Vertebral Body Stenting® and Spine Jack®, the OsseoFix® has no direct lift mechanism. 
Therefore, for these characteristics and for the force that this device is able to provide. In our opinion, Spine 
Jack® is the only device also suitable for the treatment OVF, traumatic fracture (recent, old or inveterate) and 
primary or secondary bone tumors.
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Review Article

Introduction

At present there is no ‘consensus conference’ about the 
management of osteoporotic vertebral fractures (OVF) 
(1,2). The duration and indications for proceeding beyond 
conservative treatment of OVF remain unclear, and the 
surgical criteria are not distinctly defined. In the past, a 
conservative treatment for at least one month was deemed 
inappropriate for the majority of the vertebral fractures. 
However, when pain persisted after conservative treatment, 
it was necessary to consider surgical solutions including: 
vertebroplasty for vertebral fractures with height loss less 

than 30% and kyphoplasty for height loss greater than 
30% (1,2). Currently, a treatment of this type is not feasible 
because it results in a poor quality of life, does not stop the 
domino effect and is associated with poor results.

Discussion

Vertebral augmentation procedures are quick and have the 
advantages of being performed percutaneously and under 
local anesthesia. The treatment of OVF has changed in 
recent years. The first-generation percutaneous vertebral 
augmentation system (PVAS), vertebroplasty, was described 
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by Galibert et al. in 1987 (3). Although this approach 
produces good results in terms of pain relief, it does not 
restore the height of the vertebral body. Moreover, there is 
a risk of approximately 30% that cement leaks beyond the 
confines of the bone because it is necessary to inject a low 
viscosity cement at high pressure.

These problems prompted the development of the 
second-generation PVAS: the balloon kyphoplasty (4). This 
procedure involves the inflation of a balloon catheter inside 
the collapsed vertebral body which restores its height before 
the facture is stabilized with bone cement. The balloon 
creates a cavity inside the vertebral body into which a more 
viscous cement can be injected at lower pressure, thus 
considerably reducing the risk of leakage (5-10). Reducing 
the volume of cement as the primary stabilizer in vertebral 
compression fractures can also reduce the likelihood of 
cement leakage (11,12). Unfortunately, the recovery of 
vertebral body height may be only temporary as there is 
often a total or partial vertebral body collapse after the 
balloon is deflated (13-16).

This problem has prompted the development of new 
devices which can indefinitely restore the height of the 
vertebral body without using a conventional balloon with 
mechanical kyphoplasty, the third-generation of PVAS 
(17,18). Several third-generation PVASs are available but 
the most widely used are: the Vertebral Body Stenting 
System®, Spine Jack® and the OsseoFix Spinal Fracture 
Reduction System® (19). Although these systems have the 

same functions, they have differentiating technical features. 
The aim of this paper is to analyze these devices in order 
to identify the most suitable system depending on the 
patient’s age, etiopathogenesis, and fracture characteristics/
morphology (20-23).

Vertebral Body Stenting System®

The Vertebral Body Stenting System® is an expandable, 
intrasomatic, titanium device for percutaneous vertebral 
augmentation (Figure 1). It aims to alleviate pain and restore 
the height of the fractured vertebra and consequently 
the normal curvature of the spine (24). This system 
uses the same balloon as in a standard kyphoplasty; this 
balloon is inserted and expanded into the vertebral body 
and can achieve an expansion ratio of 400%. By using 
ligamentotaxis, it is possible to produce a ‘concrete 
reduction of the fracture’, thus recovering the vertebral 
height and providing a cavity into which highly viscous poly 
(methylene methacrylate) (PMMA) can be injected (25,26). 
After the expansion phase, the balloon can be deflated and 
removed without risk of partial height loss because the 
device remains inside the vertebral body. VBS is usable 
for vertebral compression fractures from T5 to L5 (24-26) 
(Figures 2-4).

The indications for VBS are: osteoporotic vertebral 
compression fractures from T10-L5 without involvement 
of the posterior vertebral edge classified after Genant, 
grade 2 and grade 3 with a kyphotic angulation of more 
than 15 (21,22); fractures without involvement of the 
posterior vertebral edge, according to the American 
Orthopaedic (AO) classification (24,27,28): A1.1, A1.2, 
A1.3, A3.1, depending on the degree of posterior wall 
involvement. The contraindications are: A2, A3.3, B1.1, 
B2.1, B3 and C types.

Extensive mechanical and biomechanical tests have 
been performed to characterize the mechanical behavior 
and performance of the VBS (25-28). The preclinical 
testing of the VBS was designed to evaluate all relevant 
loading conditions to demonstrate a reasonable assurance 
of safety. These biomechanical tests demonstrated a 
significant reduction in height loss after balloon deflation 
when using the VBS as compared to balloon kyphoplasty. 
For example, VBS was able to maintain the pre-fracture 
height and avoid the loss of height which was measured 
with balloon deflation in kyphoplasty. In comparison to 
balloon kyphoplasty (28), VBS showed positive clinical 
results because it significantly relieved pain and improved 

Figure 1 Vertebral Body Stenting®.
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function. At twelve months, Visual Analogue Score (VAS) 
and Oswestry Disability Index (ODI) were reduced by 
6.4 points and 41.7%, respectively. Additionally, at twelve 
months a substantial improvement of the vertebral body 
height to 15.3% was observed, as well as a good kyphotic 
correction to 4.5°. The risk of adjacent vertebral fracture 
was estimated to be 9%, which is similar to (or slightly 
lower than) the rates reported in the literature for balloon 
kyphoplasty. We conclude that VBS can be considered a 
safe and effective surgical technique for the treatment of 
vertebral fractures and osteoporotic vertebral compression 
fractures with a low rate of adverse events (24-28).

Spine Jack®

Spine Jack® is a new device for mechanical kyphoplasty 
(Figure 5) (18,29) . It is a titanium implant designed to 
restore the height of the vertebral body in OVF, primary or 
secondary bone tumors, or traumatic fractures (A1.1, A1.2, 

A1.3, A3.1 and type B in selected cases, according to AO 
classification). Using a bilateral transpedicular approach, the 
Spine Jack® is inserted into the vertebral body from T10 to 
L5, and gradually expanded (Figures 6-8). The distraction 
caused by the device reduces the fracture by ligamentotaxis, 
especially when acting on the anterior longitudinal 
ligament. The device includes a mechanical (as opposed 
to hydraulic) working system which allows a progressive 
and controlled reduction of the vertebral fracture. This 
feature facilitates the recovery of the collapsed vertebra and 
provides 3D support to the structure which is required to 
mechanically stabilize the vertebrae in axial compression (30). 
After the reduction, PMMA is injected into the vertebral 
body in order to stabilize the reduction.

The use of two devices symmetrically positioned inside 
the vertebral body allows a homogeneous spreading of the 
PMMA (18,29,30). The expansion of the device causes 
a preferential direction of the flow of the PMMA thus 
reducing the risk of leakage. When injected, the inter-
digitation of the PMMA produces a large contact area below 
the midline; this is essential in order to confer stability to 

Figure 2 Osteoporotic vertebral fractures: pre-operative image.

Figure 5 Spine Jack®.

Figure 3 Osteoporotic vertebral fractures: Vertebral Body Stenting® 
post-operative image.

Figure 4 Osteoporotic vertebral fractures: Vertebral Body Stenting® 
post-operative image.
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the vertebral body. This device also allows a reduction in 
the risk of leakage into intervertebral disc space, reducing 
the risk of the fractures of the adjacent vertebral body. The 
device has a ‘self-locking security system’ through which 
extreme load forces concentrated on the devices cause the 
system to automatically block itself (29,30). This restricts 
further expansion of the device, and the risk of vertebral 
endplate breakage is significantly reduced. Furthermore 
this reduction of the superior endplate allows a better 
functional recovery of the injured disc. It has been shown 
that Spine Jack® represents a safe and effective system for 
the treatment of vertebral fractures (18,29,30).

Spine Jack® and kyphoplasty were compared using two 
homogenous groups to evaluate the differences across age, 
gender distribution, fracture location, duration between 
injury and surgery, pre-operative VAS score, vertebral 
body height, and kyphotic wedge angle (Figures 4,5) (30). 
The radiographic parameters that were evaluated include: 
post-operative anterior vertebral body height, preoperative 
anterior vertebral body height, cephalic anterior vertebral 
body height and caudal anterior vertebral body height. 
The value of the recovery of the vertebral body height was 
estimated using Eq. [1] (30).

[1]

Figure 6 Osteoporotic vertebral fractures: pre-operative image.

Figure 7 Osteoporotic vertebral fractures: Spine Jack® post-
operative image.

Figure 8 Osteoporotic vertebral fractures: Spine Jack® post-
operative image.

2

Vertebral body height recovery =
(Postoperative anterior vertebral body height) - (Preoperative anterior vertebral body height)×

(Cephalic anterior vertebral body height) + (Caudal anterior vertebral body h
100%×

eight)
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In order to assess the recovery of the vertebral height, 
vertebral height was calculated before and after the PVAS; a 
semi-quantitative assessment was also used by classifying the 
recovery in to three categories: grade 0 (no change), grade 1 
(below 50%) and grade 2 (greater than 50%). It was shown 
that the post-operative increase in vertebral body height was 
greater in the Spine Jack® group than in the kyphoplasty 
group (P<0.05). 85% of the patients who underwent PVAS 
using the Spine Jack® system were classified as grade 2 
(Figures 6,7), 12% as grade 1 and 3% as grade 0. 58% of the 
patients who underwent balloon kyphplasty were classified 
as grade 2, 26% as grade 1 and 16% as grade 0 (30).

It is important to note that Spine Jack® is not only useful 
for the treatment of OVF but also for traumatic fractures, 
and primary or secondary bone tumors. The system is able 
to produce a large force of elevation thus reducing the ‘old’ 
vertebral fractures (also known as ‘inveterate’ collapses) 
in which signs of bone marrow edema are still detectable 

on an MRI scan. Spine Jack® is the only third-generation 
device for PVAS capable of treating this type of fracture. 
We conclude that this device allows a safe and efficient 
restoration of vertebral body height in comparison to the 
conventional balloon kyphoplasty (30).

OsseoFix® Spine Fracture Reduction System

OsseoFix® Spine Fracture Reduction System (AlphaTec 
Spine Inc. Carlsbad CA, USA) is an expandable titanium 
device developed for the treatment of OVF (Figure 9). It is 
made of a titanium mesh which expands into the vertebral 
body with the aim of reducing the vertebral fractures and 
decreasing the kyphotic deformity by compacting the 
surrounding trabecular bone (31). OsseoFix® is usable for 
vertebral compression fractures from T6 to L5 in stable 
vertebral fractures (type A1.1 to A1.3 or A3.1, according 
to AO classification). This device is also useful in the 
treatment of acute stable traumatic vertebral fractures of 
the same type in young patients. The contraindications 
are: vertebral fractures with retropulsed fragment and 
dural sac or spinal cord compression, previous treatment 
at the same level, systemic or local infections, anaphylactic 
reactions to iodine-based compounds, cancer, irreversible 
coagulopathies, pre-existing calcium disorders, renal failure 
or psychiatric disorders (31,32).

This device is inserted into the vertebral body, 
targeting its tip to the anterior third of the vertebral 
body, and subsequently expanding the screw handle. 
In contrast to kyphoplasty or other balloon-assisted 
tenoplasty, this device remains in place so that the cavity 
created after the expansion is stable. The surrounding 
trabecular bone is compacted outward by the device 
(Figures 10,11) (33). This operation has two advantages: 
the compaction of the trabecular bone leads to an 
increase in the vertebral body height, thus reducing the 
kyphotic deformity and the interdigitation of trabecular 
bone into the mesh stabilizes the system itself. After this 
process, PMMA is injected inside the expanded device; 
significantly less PMMA is required in comparison to 
a standard kyphoplasty. Moreover the PMMA creates 
an interdigitation between the cells of the titanium 
mesh and the surrounding bone, further stabilizing the  
system (32). Because the trabecular bone surrounding the 
devices is finally compacted, this system is also able to 
reduce the risk of cement leakage (33). For these reasons, 
OsseoFix® provides both immediate and long-term 
effectiveness in reducing pain and kyphotic deformities 

Figure 9 OsseoFix®.

Figure 10 Osteoporotic vertebral fractures: intra-operative image.
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Figure 11 Osteoporotic vertebral fractures: OsseoFix® post-operative image.

secondary to vertebral compression fractures (31-33).

Conclusions

In conclusion, there are various devices available, but each 
of them has its own characteristics and its specific methods 
of operation. The VBS is a titanium device provided with 
a hydraulic (as opposed to mechanical) working system 
which could be responsible for a partial and not immediate 
possibility to control the opening of the device (19). On the 
other hand, OsseoFix® and Spine Jack® are provided with a 
mechanical working system which allows a progressive and 

controlled reduction of the vertebral fracture (19). Another 
important aspect to consider is the recovery of the vertebral 
body height. OsseoFix® has an indirect mechanism of action 
in which the compaction of the trabecular bone leads to an 
increase in vertebral body height (19). In this case there is 
no direct lift mechanism, which is the operating mode of 
Vertebral Body Stenting® and Spine Jack® (19). Therefore, 
in our opinion, Spine Jack® is the only device suitable for 
the treatment of both OVF, traumatic fracture (recent, 
old or inveterate) and primary or secondary bone tumors 
because it has a mechanical working system and direct lift 
mechanism (Table 1) (19).

Table 1 Characteristics of ‘third generation’ devices

Device Pathology Intended use Purpose Working Type Access Material

Kyphon Vertebral body 

fractures (VBF)

Recent trauma, 

osteoporosis, 

metastasis

Fracture reduction 

and cavity creation 

for cement

Balloon Not  

permanent

Percutaneous Elastomer

Vertebral body 

stenting (VBS)

VBF Recent trauma, 

osteoporosis, 

metastasis

Fracture reduction 

and cavity creation 

for cement

Balloon +  

deformable metallic 

component

Permanent Percutaneous Titanium

Spine Jack VBF Recent and not 

recent trauma, 

osteoporosis 

metastasis

Fracture reduction 

and cavity creation 

for cement

Deformable metallic 

component

Permanent Percutaneous Titanium

OsseoFix VBF Osteoporotic 

collapse

Fracture reduction 

and cavity creation 

for cement

Deformable metallic 

component

Permanent Percutaneous Titanium

VBF, vertebral body factures.
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