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ABSTRACT

Current scientific evidence enhances the importance of the
anatomic restauration of vertebral bodies with compression
fractures aiming, as with other human body joints, to obtain a
biomechanic and functional spine as close as the one prior to
the fracture as possible. We consider that anatomic reduction of
these fractures is only completely possible using intravertebral
expandable implants, restoring vertebral endplate morphology,
and enabling a more adequate intervertebral disc healing.
This enables avoiding disc and osteodegenerative changes to
that vertebral segment and its adjacent levels, as well as the
anterior overload of adjacent vertebral bodies in older adults —
a consequence of post-traumatic vertebral flattening — thus
minimizing the risk of adjacent vertebral fractures. The ability of
vertebral body fracture reduction and height maintenance over time
and its percutaneous transpedicular application make the intra-
vertebral expandable implants a very attractive option for treating
these fractures. The authors show the direct and indirect reduction
concepts of vertebral fractures, review the biomechanics, charac-
teristics and indications of intravertebral expandable implants and
present a suggestion for updating the algorithm for the surgical
treatment of vertebral compression fractures which includes the
use of intravertebral expandable implants. Level of Evidence V,
Expert Opinion.

Keywords: Prostheses and Implants. Spinal Fractures. Spine.
Fractures, Compression. Fracture Fixation.

RESUMO

Aevidéncia cientifica atual aponta para a importancia de obter restau-
ragc&o anatémica dos corpos vertebrais com fraturas em compressao,
tal como acontece em outras articulagdes do corpo humano, de modo
a garantir uma coluna biomecanica e funcionalmente mais proxima da
prévia a fratura. Consideramos que a reducao anatémica destas fratu-
ras apenas se consegue na totalidade com a aplicagéo de implantes
intravertebrais expansiveis, restaurando a morfologia das plataformas
vertebrais e assim proporcionando uma cicatrizagdo do disco inter-
vertebral mais adequada. Isto permite minimizar a progressao para
alteragbes disco e osteodegenerativas desse segmento vertebral
e dos niveis adjacentes, bem como em idosos evitar a sobrecarga
anterior dos corpos adjacentes consequente ao achatamento pds-
-fraumnatico e assim minimizar o risco de fraturas vertebrais adjacentes.
A capacidade de redugéo da fratura e de manutengéo da altura do
corpo vertebral ao longo do tempo, bern com a sua aplicagéo per-
cuténea transpedicular, torna os implantes intravertebrais expansiveis
uma opg¢ao muito atrativa no tratamento destas fraturas. Os autores
apresentam os conceitos de redugéo direta e indireta de fraturas
vertebrais, revém a biomecanica, caracteristicas e indicagdes dos
implantes intravertebrais expansiveis, finalizando com uma proposta de
atualizagéo do algoritmo de tratamento cirdrgico das fraturas vertebrais
em compressao que inclui a aplicagdo de implantes intravertebrais
expansivos. Nivel de Evidéncia V, Opiniao do Especialista.

Descritores: Proteses e Implantes. Fraturas da Coluna Vertebral.
Coluna Vertebral. Fraturas por Compress&o. Fixagao de Fratura.
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INTRODUCTION

The treatment of fractures of the thoracolumbar spine, in particular
the compression fractures, has evolved rapidly over the past 30
years, having considerably changed the indications, techniques
and surgical implants. The morbidity of anterior approaches to

anterior spine reconstruction has caused an exaggerated tendency
to treat vertebral compression fractures by pedicular fixation, often
increasing the number of fixed levels. However, loss of support in
the anterior spine, a region that receives 80% of all axial loads,
will inevitably overload the posterior instrumentation, sometimes
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resulting in instrumentation failure, loss of vertebral body height,
and local and post-traumatic segmental kyphosis, with clinical and
functional repercussions.® In view of this, the minimally invasive
techniques of augmenting the fractured vertebral body have gained
increasing popularity due to their ability to stabilize the anterior spine
through the percutaneous posterior pathway, enabling good results
in symptomatic relief, convalescence speed, functional and quality
of life indices, and spine anatomy and biomechanics restoration.”®
Expanding intravertebral implants are devices capable of controlled
self-expansion applied percutaneously via posterior access transpe-
dicular. They are introduced inside the fractured vertebral body, which
usually shows a compression fracture. Their expansion can reduce the
fracture of the vertebral body, restoring its height, integrity, and stability.
The application of expansive intravertebral implants, also known as
armed kyphoplasty, in addition to allowing the immediate analgesia
and stabilization benefits of vertebroplasty and kyphoplasty, also allow
the maintenance of the restored vertebral height, which is demon-
strated in several studies with medium and long-term follow-up.”3
This is because, after vertebral platforms height is restored, they are
mechanically supported by the expanded device (functioning as a
interior support or sustentaculum), decreasing or preventing vertebral
flattening, minimizing the risk of local and post-traumatic segmental
kyphosis, and ensuring the stable anterior support of vertebral body
height.”8.24-2" |n this way, expansive intravertebral implants have gained
popularity in the treatment of vertebral body compression fractures due
to its guarantee of stable anterior support at the level of the vertebral
body performed percutaneously, transpedicularly, reserving the high
invasibility of corpectomy and reconstruction with spacers or massive
allograft for cases requiring anterior neurological decompression of
the vertebral canal 42528

Importance of anatomical reduction in vertebral compression
fractures

The authors of this article defend the importance of obtaining,
as indicated for the other joints of the human body, an anatomical
restoration (or the closest to it) of vertebral bodies which suffered
compression fractures (by correcting the vertebral kyphosis angle,
vertebral height, and the morphology of vertebral platforms) in order
to ensure a biomechanically and functionally spine closer to the one
prior to the fracture. Thus, it is sought in young individuals to avoid
progression to disc alterations and osteodegenerative disorders of
this vertebral segment and adjacent levels and in older adults to
avoid the anterior overload of adjacent bodies and thus minimize the
risk of adjacent vertebrae fractures 8162428 Restoring the original
anatomy of vertebral platforms enables the recreation of the original
position of the often injured intervertebral disc, promoting its proper
healing and pressurization and minimizing the invagination of the
nucleus pulposus to the interior of the vertebral body, possibly
compromising bone healing. This allows a better physiological
load damping, potentially minimizing accelerated degeneration and
reducing the overload of the suprajacent vertebral body and, thus,
the risk of adjacent fractures.28.2%-33 A study showed, by functional
magnetic resonance, that the apparent diffusion coefficient of the
intervertebral disc suprajacent to vertebral compression fractures,
after amean 2.67 years, was significantly higher in fractures treated
with expandable intravertebral implants, in which the anatomy of
the vertebral platform is restored (thus showing coefficients similar
to normal control discs), than fractures subjected to conservative
treatment, which maintains the central flattening of the vertebral
platform.34 The diffusion coefficient of suprajacent discs decreased
as the post-fracture degree of vertebral kyphosis increased.
This coefficient represents the water and nutrient diffusion levels
to the nucleus pulposus, thus suggesting the importance of
anatomically reducing the vertebral platform supporting the disc
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to ensure its adequate water and nutritional intake. This study also
demonstrates that the application of intravertebral cement has
minimal influence on the diffusion of nutrients and water through
the vertebral platforms for discs. Thus, the traumatic deformation
of the vertebral platform compromises its diffusion circuits to the
nucleus pulposus, promoting its dehydration, malnutrition, and
the accelerated progression to post-traumatic disc degeneration.
Moreover, suprajacent discs, after a mean 2.67 years, were in a
significantly more advanced state of degeneration after conservative
treatment (83.33% of which with Pfirmann grades Il and Ill) than
those which had undergone intravertebral implant treatment (78.57%
showed a Pfirmann grade |, and the others, a grade [1).710.28.34
In particular case of osteoporotic fractures, it is currently recognized
that it is essential to restore vertebral body height at the time of
the first fracture to prevent the domino effect of the disease, i.e.,
the consecutive occurrence of osteoporotic fractures in adjacent
vertebrae due to anterior spine overload after the first uncorrected
vertebral flattening. Vertebral flattening progressively diverts the load
axis to a more anterior position, exposing the osteoporotic vertebral
bodies to excessive anterior loads and favoring spine kyphotization
and a cascade of consecutive pathological fractures.®%

Concepts of anatomical reduction of vertebral compression
fractures

Expandable intravertebral implants introduce the concept of direct
fracture reduction (Figure 1), that is, performed by an expanded
implant at the exact fracture location within the vertebral body.
If the fracture occurs by mechanism in compression, these implants
will do the opposite, they expand the vertebral body, the reverse
mechanism to the one that caused the fracture, being therefore
a very effective method of fracture reduction. The classic indirect
reduction by distraction and lordosis maneuvers through pedicle
instrumentation of adjacent vertebrae reduces the cortical ring of
the vertebral body due to the effects of containment of the anterior
and posterior longitudinal ligaments and the peripheral portions of
the vertebral platforms because of containment of the fibrous ring of
the intervertebral disc. In turn, only direct reduction by expandable
intrasomatic implants enables the restoration of the central part of
the vertebral platforms, showing their importance in post-traumatic
anatomical reduction and the promotion of adequate disc healing
(Figure 1).28:36-37 Moreover, these implants, in view of the integrity
of common longitudinal anterior and posterior ligaments and the
insertion of the fibrous ring in vertebral platforms, also enable anterior
and posterior bone fragments to effectively return to their original
positions, respectively, by ligamentotaxis and anulotaxis. Thus, they
also reduce the peripheral parts of vertebral platforms and cortical
rings.!7-2227.28:30.34.36.38-41 Therefore, we consider that, to obtain the
complete desired anatomical reduction of a vertebral compression
fracture, direct reduction with expandable intravertebral implants
is always necessary to correct the central depression of vertebral
platforms. Moreover, in some fractures, this maneuver is sufficient for
total fracture reduction and stabilization. Thus, when an initial indirect
reduction by adjacent pedicular instrumentation is required, in order
to also anatomically restore the central part of vertebral platforms it
is necessary to associate it with a direct reduction by expandable
intravertebral implants. Several studies have shown that, if expandable
intravertebral implants are correctly positioned, the fear that they
increase posterior wall retropulsion in burst compression fractures
is unverified. On the contrary, by performing ligamentotaxis and
anulotaxis at the time of implant expansion, the increased vertebral
body height causes the posterior wall to move anteriorly, moving
away from the vertebral canal and approaching its original position,
restoring the posterior vertebral body height and making an indirect
decompression of the vertebral canal.!”1:12.18.36.38.40.41
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A - Indirect
Reduction

B - Direct
Reduction

C - Combined Reductions

Central portion of vertebral platforms —
Direct reduction is only possible by
expandable implants

Figure 1. A: Indirect fracture reduction by distraction and lordosis maneuvers
performed through instrumentation in the pedicles of adjacent vertebrae.
Note the reduction of posterior wall retropulsion and restoration of anterior
and posterior sagittal heights of the vertebral body. However, central flattening
of the upper vertebral platform persists with no complete restoration of the
middle sagittal height of the vertebral body (red arrowhead); B: Direct reduc-
tion of the fracture via expandable intravertebral implants. Note the elevation
of the entire upper vertebral platform (arrowhead); C: Indirect reduction and
direct reduction combined. Notice how direct reducion complements the
indirect reduction manouvers, allowing the total anatomical restoration of
the vertebral body, that is, the reduction of the cortical ring and also of the
central portion of the vertebral platforms.

Biomechanics of expandable intravertebral implants

Table 1 shows the features of the two main expandable intravertebral
devices currently available, the VBS® (Vertebral Body Stenting) and
the SpineJack® systems, the most commonly used worldwide. *>44
Technological evolution will certainly bring expandable intravertebral
implants with different mechanisms and morphology which will
effectively ensure the anatomical restoration of vertebral platforms.
In short, according to the authors' opinion and according to Table 1,
the VBS® implant reduces and replaces the flattened and destroyed
vertebral body, does not intending to wait for bone healing, while the
SpineJack® implant reduces and preserves the flattened vertebral
body, intending to bone healing.
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Table 1. Features of the two main expandable intravertebral implants
currently available. Indications of each implant according to the authors’

preference. 243

Implant name

VBS?® (Vertebral Body Stenting)

SpineJack®

lllustration

Morphology

Cylindrical shape network
(stent). Two implants by
bipedicular access

Similar to a carjack with upper
and lower lamellae. Two
implants by bipedicular access

Material

Chromium-cobalt

Titanium

Expansion
direction

Circumferential and centrifugal
in the coronal plane
(craniocaudal + lateral)

Bidirectional in craniocaudal
or vertical direction

Expansion
mechanism

Hydraulic, by a kyphoplasty
ballon (pressure and
volume controlled)

Mechanic

Expansion
force

Maximum pressure of 30 Atm;
Maximum expansion volumes:
#Small stent = 4 ml;
#Medium stent = 4.5 ml;
#Large stent =5 ml

Expansion force of
500 Newtons;
Maximum expansion
heights: #Small implant,
4.2 size = 12.5mm;
#Medium implant, 5.0
size = 17 mm; #Large
implant, 5.8 size = 20 mm

Goal

Fracture reduction and
space filling — Indicated for
osteopenia, lithic injuries, and
A4 burst traumatic fractures

Fracture reduction,
preservation of non-fractured
trabeculae — Indicated for
A1, A2, and A3 fractures
with healthy bones

Rationale

VBS®is a reduction and
space-filling implant system
since it can multidirectionally

expand (vertically and
laterally). It is indicated for
reconstructing or replacing the
vertebral body without waiting
for vertebral fracture healing.
Stents are implants that form
two cavities, coated by a
casing of impacted trabeculae,
within the vertebral body by
expanding and impacting
surrounding bony trabeculae.
These implants form cavities
that, after being filled with
cement or bone graft, replace
much of the vertebral body,
filling and stabilizing it.
Moreover, they minimize
cement extravasation
by recreating the walls

of the vertebral body via
impaction of bony trabeculae

containing the cement.

SpineJack®is a more powerful
reduction implant and
preserver of non-fractured
native bone trabeculae,
rather than a filler, as it has
only vertical expansion and
not lateral. In these cases,
fracture reduction and healing
is intended, rather than
replacing the vertebral body.
This implant only reduces and
sustains the vertebral body
since it shows neither cavitary
shape nor lateral expansion.
It is incapable of destroying
intact lateral trabeculae and
does not create significant
empty space inside the
vertebral body. Thus, it is
useful when it is intended to
reduce the fracture and obtain
bone healing, preserving as
much of healthy bone
as possible. Therefore,
we consider this implant
not ideal for replacing the
comminuted vertebral body,
lytic or porotic, a vertebra that
does not have content and
needs intrasomatic filling in
addition of fracture reduction.
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Indications of expandable intravertebral implants

The problem of vertebral compression fractures is located at
the vertebral body, it is the one that is fractured, so it makes
sense that some direct reduction and stabilization action on
this same vertebral body is necessary. Indirect reduction by
adjacent pedicular instrumentation, in addition to failing to correct
vertebral platform depression, is incapable of providing vertebral
bodies with sufficient integrity to receive loads. Indirect reduction
maneuvers increase cortical ring height. However the interior
of the vertebral body, previously filled with a resistant bony
trabecular meshwork is now weak, showing only crushed bony
trabeculae, which often results in progressive vertebral flattening
and can lead to non-union situations. As such, we consider that
the application of expansive intravertebral implants is indicated
when an anatomical and sustained reduction of the fracture
is intended, as such in most vertebral compression fractures.
The purpose of anatomical reduction is in traumatic compression
fractures to avoid an early development of degenerative discoar-
thropathies caused by the persistence of vertebral flattening,
and in osteoporotic compression fractures to avoid domino effect
of anterior overload caused by vertebral flattening, decreasing
thus the risk of adjacent vertebral fractures and the progression
of pathological kyphotization of the spine. The literature lacks
well-defined flattening and kyphotic values for vertebral bodies
which would justify their reduction. Yet, some authors point to
the flattening of about one third of the vertebral body height,
vertebral kyphoses equal to or greater than 15° and/or Beck
sagittal indices equal to or lower than 0.7.911:2428:35 |t is increas-
ingly considered that the reconstruction of the anterior column,
particularly the vertebral body, an important support for axial
loads predominant in bipedal gait, is essential to rebuilding a
spine both biomechanically and physiologically more similar
to the one prior to the fracture."®'® Therefore, it is currently
considered that reducing and stabilizing vertebral bodies with
expandable intravertebral implants is indicated in compression
fractures of the vertebral body, i.e., in type-A fractures in the
AO Spine classification, whether traumatic, osteoporotic or
tumoral 3524384445 Attention is drawn that there may be room
for conservative treatment, especially in Al-, A2-, and A3-type
fractures, particularly in cases with flattening of less than one
third of the vertebral body height and vertebral kyphoses below
15° whose patients can verticalize their trunk without relevant
pain.?®4 However, treatment should always be analyzed on a
case-by-case basis, considering that more pronounced defor-
mities may be acceptable in cases in which life-expectancy is
short and patients’ reduced functionality fail to justify surgical
reduction and stabilization. Despite this, it is important to verify
that pain relief, standing up, gait, and remaining recovery are
usually faster in patients who undergo augmentation of the
vertebral body with cement (“up and go” in a few hours and
unrestricted activity in 24 hours, often without any pain).*446
Kyphoplasty and expandable intravertebral implants have
also shown promising results in face of fractures subjected
to conservative treatment which had symptomatically and
chronically evolved to post-traumatic necrosis, often with
associated flattening and kyphosis.*’ Initially, expandable in-
travertebral implants were considered a reduction and stabi-
lization method complementary to pedicular instrumentation.
Nevertheless, several recent studies have shown that most
vertebral compression fractures (type-A fractures in the AOSpine
classification), i.e., those with intact posterior ligament complexes,
can be effectively treated only with these intravertebral implants,
which work, at the same time, as a reduction and stabiliza-
tion device of the vertebral body, with no need for pedicular
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instrumentation if anterior stabilization is effective 82425384044
This is very relevant insofar as most dorsolumbar fractures are
compression ones. Thus, they are included in the indication for
expandable intravertebral implants, many of which dispense
pedicular screws.'® We highlight below the two special situa-
tions in which compression fractures require pedicular screw
instrumentation. In complete A4 burst fractures, we recommend,
in addition to intravertebral implants, the application of pedicular
screws above and below the fracture due to the complete
separation of the vertebral body from posterior elements.
The fractured vertebra can also be instrumented with short
intermediate pedicular screws, as shown by Cianfoni A et al.
who published a circumferential vertebral fixation technique
without arthrodesis in which fenestrated intermediate screws
are inserted inside the stents, working, after cement filling,
as anchorage of the posterior elements to the vertebral body,
stabilizing all Denis columns.*® Regardless of the comminution
degree of the A4 fracture, if expandable intravertebral implants
support the vertebral body, pedicular instrumentation of only one
level above and below the fracture is sufficient for a safe con-
struction, consisting in a circumferential stabilization (posterior
+ anterior), dispensing fixation of further levels due to stable
anterior support.*® We also highlight the cases in which the
fracture caused important segmental kyphosis. In these cases,
segment reduction is impossible with only intravertebral implants
in the fractured body. Thus, we initially recommend reducing
segmental kyphosis by distraction and lordosis maneuvers via
the pedicular instrumentation of adjacent levels, followed by
applying intravertebral implants in the fractured body aiming
to complement the reduction of its platforms and maintain this
reduction over time. In summary, most compression vertebral
fractures may dispense stabilization with pedicle screws since
the immediate stabilization of the vertebral body by expansive
intravertebral implants enables avoiding the need for discharge
that segment with pedicle screws at adjacent levels until there
is vertebra healing. The advantage of being able to dispense
pedicle fixation is the maintenance of mobility of the segments
adjacent to the fractured vertebra, allowing a more physiological
biomechanics of the discs and the spine in general, which in the-
ory accelerates patient rehabilitation and minimizes progression
of discoarthropathies degenerative changes by compensatory
hypermobility of the following unfixed levels. Moreover, it enables
avoiding the risk of screw pull-out in the porotic bone and the
eventual need to cement them or use expandable screws, as
well as eliminating the need for a second surgery to extract the
instrumentation. Intravertebral expansive implants also have place
in those type B and C fractures of the AOSpine classification
associated with a compression component at the vertebral body,
however, in these cases it is mandatory to be associated with
pedicular screws instrumentation because the posterior elements
are compromised and need stabilization.”44

Authors’ algorithm for treating vertebral compression fractures

In this section, we present the algorithm followed by the authors for
treatment of vertebral compression fractures, applying the referred
principles of importance of anatomical reduction and the use of
expansive intravertebral implants (Figures 2 and 3).

In healthy bones and AOSpine Al-type traumatic fractures with
values equal to or higher than 15° kyphosis and flattening of
one third of the height, or A2- and A3-type fractures, we prefer
reduction and stabilization with SpineJack® implants. In these
fractures, typically in younger patients, in which most of the
intrasomatic bony trabeculae are still preserved, the goal
is to maintain them, restore vertebral body height and the
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Figure 2. Schematic representation of the objectives for each type
of vertebral compression fracture, according to bone quality and the
AOSpine classification, as well as the justification for choosing the
expandable intravertebral implant to be applied and the need or not
for pedicular instrumentation.

morphology of the vertebral platforms, and wait for fracture healing,
thus obtaining an anatomical and biomechanical vertebra
similar to the one prior to the fracture. The implants used for
this purpose are SpineJack®, which by its exclusively vertical
expansion, elevate the vertebral platforms without destroy-
ing many surrounding bone trabeculae (it does not occupy
relevant space), then requiring only a minimal amount of bone
cement to stabilize the implants. In these fractures, the objec-
tive is to wait for their bone healing in an anatomic position.
The minimum amount of injected cement does not affect the
bone healing process. In Al-, A2-, and A3-type fractures,
we consider that direct reduction by expandable implants is suffi-
cient to achieve anatomical restoration and fracture stabilization,
except in cases of segmental kyphosis greater than 15°, which
require indirect reduction by pedicular instrumentation. Due to
the frequent body-pedicle dissociation of type A4 fractures,
we initially perform percutaneous pedicle instrumentation at
the adjacent levels above and below, then indirect reduction by
distraction and lordosis maneuvers through this instrumentation,
followed by further direct reduction of the vertebral body and
stabilization of the restored height with VBS® implants. Thus,
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fracture
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A3
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Osteoporotic compression
fractures

Figure 3. Graphic algorithm of the surgical options for reducing and
stabilizing each type of vertebral compression fracture according to the
AOSpine classification. A1, A2, and A3 fractures according to AOSpine*
— reduction and stabilization with SpineJack® expandable intravertebral
implants; A4 AOSpine fractures — initial reduction with maneuvers by
pedicular instrumentation, additional reduction and replacement of
the vertebral body with expansive intravertebral VBS®-type implants
filled with bone graft. Note the reduced central depression of the upper
vertebral platform after expansion of intravertebral implants and its final
filling with bone graft (final image in yellow/brown represents the bone
graft inside the stents); Osteoporotic compression fractures — reduction
and stabilization with expansive intravertebral VBS®-type implants filled
with bone cement. Note the reduced depressions of the upper and
lower platforms after expansion of the implants. Final image in gray
represents the cement inside the stents.

in these fractures with severe destruction of the vertebral body,
we subjected the fracture to both types of reduction, initially
indirect (pedicular instrumentation) and then direct (expandable
implant), seeking to obtain the best possible anatomical resto-
ration. We believe intraosseous vascularization of the vertebral
body to be compromised in A4-type fractures. Thus, in these
fractures, bone healing is not expected, as such we immediately
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move toward reconstructing/replacing the vertebral body with
cylindrical implants, the stents. These make further reduction
of the vertebral body through multidirectional impaction of the
surrounding bone trabeculae, in particular by elevation of the cen-
tral portion of the vertebral platforms, and guarantee the mainte-
nance of this reduction as interior supports (interior sustentaculum).
As we recommend for fractures with porotic bone, some authors
indicate the intrasomatic application of polymethylmethacrylate
cement for A4 burst fractures with healthy bone (even for young
patients), arguing that fracture healing takes place even in the
presence of cement, as fracture gaps between bone trabeculae
and cement are filled by bone callus.?6:24.253550-52 However,
in view of this type of fractures in healthy bone and young ages,
we prefer to fill the stents with bone graft, usually cancellous
allograft granules from bone bank. We apply the graft with
minimal impaction so as to not compromise bone matrix struc-
ture or nutritional diffusion until its revascularization, aiming
at its colonization by osteoprogenitor cells, vascular invasion,
and bone incorporation. With this filling, we intend to obtain
a vertebra biomechanically similar to unfractured ones, i.e.,
more physiological in the distribution of loads than those filled
with polymethylmethacrylate, a biologically inert cement, which
makes difficult the future pedicular instrumentation of the vertebra,
as well as somehow influencing its biological activity, healing,
and remodeling. We consider this option important especially
for active young and middle-aged individuals who would request
their spine in long term, in which a more rigid vertebra, caused
by intrasomatic filling with polymethylmethacrylate cement,
can alter the normal balance of the rachis in terms of elasticity
and segmental stiffness, which can lead to discovertebral de-
generation and adjacent body fractures. Another option could be
the intra-stent application of the biologically active and osteocon-
ductive calcium phosphate cement, which is slowly reabsorbed
and replaced by bone, unlike the inert polymethylmethacrylate.
This biological version of a cement shows its progressive oste-
ointegration while the structure, consistency, and height of the
vertebral body, as well as the calcium phosphate cement itself,
are mechanically protected by expandable intravertebral impl
ants.23.6.24.25.35,39,45,53-56 Gj|| we prefer for an intrasomatic filling
with bone graft, aiming to provide a bone matrix capable of
osteoconduction and osteoinduction, thus favoring consolidation
to obtain a vertebral body whose morphology and biomechanics
are similar to those pre-fracture with a metallic interior endo-
skeleton filled with the incorporated graft. Several studies have
assessed the isolated intrasomatic application of bone graft
(without intravertebral expandable implants) in fractures. However,
they found a progressive flattening of these vertebrae and graft
resorption, probably due to the insufficient mechanical support
capacity of the isolated bone graft which suffered excessive
loads compromising its integrity and incorporation.*3:57-60 Thus,
we consider the application of bone graft inside the stents to
be fundamental, ensuring not only the maintenance of vertebral
height but also protecting the bone graft and minimizing its
resorption until its incorporation, obtaining a vertebra with a
metallic endoskeleton which is fully filled by bone. The limited his-
tological evidence of cases of isolated intrasomatic application of
bone graft (without intravertebral expandable implants) showed,
in some patients, the absence of intrasomatic graft incorporation
and microscopic findings of partial graft necrosis are frequent

even in the presence of clinical evidence and bone healing
imaging. This suggests a probable excessive load on the graft
to be incorporated (not protected by intravertebral implants)
and a weak relation between histology and clinic. However,
long-term prospective studies are needed to show the advan-
tages of intrasomatic bone graft application, or its substitute,
associated with intravertebral implants in these fractures.*3"57-60
In our opinion, the comminution of both vertebral platforms of
A4-type fractures makes in these cases the SpineJack® reduction
mechanism less effective since it is based on metal lamelae
applied against vertebral upper and lower platforms. If these
platforms show comminuted fractures, there is an increased risk
of the metallic lamelae either crossing fracture lines and entering
the disc space or of them raising only one platform fragment,
resulting in an incomplete reduction. In turn, an implant with
greater trabecular impaction surface, such as VBS®, enables a
more effective direct reduction of A4 fractures, as it impacts the
bone trabeculae around them, reinforcing the bone casing of
the vertebral body. On the other hand, in fractures with adjacent
segmental kyphosis greater than 15°, we prefer to start by indirect
reduction maneuvers via pedicular instrumentation, followed by
direct reduction by intravertebral implants. If neurological deficits
are present, nervous decompression, most often laminectomy,
is associated with the aforementioned steps. Corpectomy and
filling with massive spacers or allografts is reserved for situations
requiring anterior decompression of the vertebral canal.

In turn, in fragile bone fractures, i.e., osteoporotic or neoplastic
pathological fractures and traumatic fractures in porotic bone,
we usually prefer VBS reduction and stabilization filled with poly-
methylmethacrylate cement. The rarefaction and marked destruction
of intrasomatic bony trabeculae in this type of fracture entails
the replacement of most of the inner empty vertebral body with
another material. In these fractures, typical of an older population,
immediate stabilization is sought for rapid symptomatic relief and
functional recovery, rather than waiting for fracture healing or a ver-
tebra biomechanically similar to the others. Thus, the marked bone
rarefaction of the vertebral body is compensated by applying two
VBS® cement-filled cylindrical implants that occupy a considerable
space, to obtain a rigid and stable vertebral body. SpineJack® is
mainly a reduction implant and not a space-filler. Thus, we usually
do not use it in osteoporotic fractures, in which we intend to occupy
and immediatly stabilize the intrasomatic space.

CONCLUSION

Current scientific evidence points to the need for the anatomical
reduction of compression vertebral body fractures, what can
only be achieved in totality with the application of expansive
intravertebral implants, restoring the morphology of the verte-
bral platforms. Percutaneous transpedicular posterior access,
the ability to fracture reduction and maintenance of vertebral
body height, makes these implants a very attractive option in
the treatment of compression fractures of the vertebral bodies,
whether of a traumatic, osteoporotic or tumoral nature. Currently,
there is no scientific evidence regarding comparative studies
on the preferential use of an expandable implant over another.
So, for now, the decision is made based on surgeons’ opinion.
Large prospective studies are needed to consolidate treatment
efficacy and elucidate how each expandable intravertebral im-
plant is to be indicated.

AUTHORS’ CONTRIBUTIONS: Each author contributed individually and significantly to the development of this article. DFLM: intellectual concept of the
article, literature review, data collection and analysis, writing of the article, final review of the article; JPG: intellectual concept of the article, literature review,

data collection and analysis, writing of the article, final review of the article.

Acta Ortop Bras.2022;30(3):€245117

Page 6 of 8



REFERENCES

1.

20.

21

Kriger A, Schmuck M, Noriega D, Ruchholtz S, Baroud G, Oberkircher L.
Percutaneous dorsal instrumentation of vertebral burst fractures: value of
additional percutaneous intravertebral reposition-cadaver study. Biomed Res
Int. 2015;2015:434873.

Verlaan JJ, van Helden WH, Oner FC, Verbout AJ, Dhert WJA. Balloon vertebro-
plasty with calcium phosphate cement augmentation for direct restoration of trau-
matic thoracolumbar vertebral fractures. Spine (Phila Pa 1976). 2002;27(5):543-8.
Korovessis P, Repantis T, Petsinis G, lliopoulos P, Hadjipavlou A. Direct reduction
of thoracolumbar burst fractures by means of balloon kyphoplasty with calcium
phosphate and stabilization with pedicle-screw instrumentation and fusion.
Spine (Phila Pa 1976). 2008;33(4):E100-8.

Daniaux H. [Transpedicular repositioning and spongioplasty in fractures of
the vertebral bodies of the lower thoracic and lumbar spine]. Unfallchirurg.
1986,;89(5):197-213. German.

Marco RA, Kushwaha VP. Thoracolumbar burst fractures treated with posterior
decompression and pedicle screw instrumentation supplemented with
balloon-assisted vertebroplasty and calcium phosphate reconstruction.
J Bone Joint Surg Am. 2009;91(1):20-8

Verlaan JJ, Somers |, Dhert WJA, Oner FC. Clinical and radiological results
6 years after treatment of traumatic thoracolumbar burst fractures with pedi-
cle screw instrumentation and balloon assisted endplate reduction. Spine J.
2015;15(6):1172-8.

Klezl Z, Majeed H, Bommireddy R, John J. Early results after vertebral body
stenting for fractures of the anterior column of the thoracolumbar spine. Injury.
2011;42(10):1038-42.

Rotter R, Martin H, Fuerderer S, Gabl M, Roeder C, Heini P, Mittimeier T. Vertebral
body stenting: a new method for vertebral augmentation versus kyphoplasty.
Eur Spine J. 2010;19(6):916-23.

Vanni D, Pantalone A, Bigossi F, Pineto F, Lucantoni D, Salini V. New perspective
for third generation percutaneous vertebral augmentation procedures: preliminary
results at 12 months. J Craniovertebr Junction Spine. 2012;3(2):47-51.

. Hartmann F, Griese M, Dietz SO, Kuhn S, Rommens PM, Gercek E. Two-year

results of vertebral body stenting for the treatment of traumatic incomplete burst
fractures. Minim Invasive Ther Allied Technol. 2015;24(3):161-6.

. Diel P, Roder C, Perler G, Vordemvenne T, Scholz M, Kandziora F, et al.

Radiographic and safety details of vertebral body stenting: results from a
multicenter chart review. BMC Musculoskelet Disord. 2013;14:233.

. Thaler M, Lechner R, Nogler M, Gstéttner M, Bach C. Surgical procedure

and initial radiographic results of a new augmentation technique for vertebral
compression fractures. Eur Spine J. 2013;22(7):1608-16.

. Werner CM, Osterhoff G, Schlickeiser J, Jenni R, Wanner GA, Ossendorf C,

Simmen HP. Vertebral body stenting versus kyphoplasty for the treatment of
osteoporotic vertebral compression fractures: a randomized trial. J Bone Joint
Surg Am. 2013;95(7):577-84.

. LinJH, Wang SH, Lin EY, Chiang YH. Better height restoration, greater kyphosis

correction, and fewer refractures of cemented vertebrae by using an intravertebral
reduction device: a 1-year follow-up study. World Neurosurg. 2016;90:391-6.

. Noriega D, Kruger A, Ardura F, Hansen-Algenstaedt N, Hassel F, Barreau X,

Beyerlein J. Clinical outcome after the use of a new craniocaudal expandable
implant for vertebral compression fracture treatment: one year results from a
prospective multicentric study. Biomed Res Int. 2015;2015:927813.

. Noriega D, Ramajo RH, Lite IS, Toribio B, Corredera R, Ardura F, Krger A. Safety

and clinical performance of kyphoplasty and SpineJack(®) procedures in the
treatment of osteoporotic vertebral compression fractures: a pilot, monocentric,
investigator-initiated study. Osteoporos Int. 2016;27(6):2047-55.

. Noriega D, Rodriguez-Monsalve F, Ramajo R, Lite IS, Toribio B, Ardura F.

Long-term safety and clinical performance of kyphoplasty and SpineJack®
procedures in the treatment of osteoporotic vertebral compression fractures:
a pilot, monocentric, investigator-initiated study. Osteoporos Int. 2019;30(3):637-45.

. Baeesa SS, Krueger A, Aragon FA, Noriega D. The efficacy of a percutaneous

expandable titanium device in anatomical reduction of vertebral compression
fractures of the thoracolumbar spine. Saudi Med J. 2015;36(1):52-60.

. Noriega D, Maestretti G, Renaud C, Francaviglia N, Ould-Slimane M, Queinnec

S, et al. Clinical performance and safety of 108 SpineJack implantations: 1-year
results of a prospective multicentre single-arm registry study. Biomed Res Int.
2015;2015:173872

Noriega D, Marcia S, Theumann N, Blondel B, Simon A, Hassel F, et al. A prospective,
international, randomized, noninferiority study comparing an implantable titanium
vertebral augmentation device versus balloon kyphoplasty in the reduction of
vertebral compression fractures (SAKOS study). Spine J. 2019;19(11):1782-95.
Kerschbaumer G, Gaulin B, Ruatti S, Tonetti J, Boudissa M. Clinical and
radiological outcomes in thoracolumbar fractures using the SpineJack device.
A prospective study of seventy-four patients with a two point three year mean
of follow-up. Int Orthop. 2019;43(12):2773-9.

Page 7 of 8

22.

23.

24,

25.

26.

27.

28.

29.

30.

3

=

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

iy

42.

43.

44,

Verlaan JJ, van de Kraats EB, Oner FC, van Walsum T, Niessen WJ, Dhert WJA.
The reduction of endplate fractures during balloon vertebroplasty: a detailed
radiological analysis of the treatment of burst fractures using pedicle screws,
balloon vertebroplasty, and calcium phosphate cement. Spine (Phila Pa 1976).
2005;30(16):1840-5.

Muto M, Greco B, Setola F, Vassallo P, Ambrosanio G, Guarnieri G. Vertebral
body stenting system for the treatment of osteoporotic vertebral compression
fracture: follow-up at 12 months in 20 cases. Neuroradiol. J. 2011;24(4):610-9.
Maestretti G, Cremer C, Otten P, Jakob RP. Prospective study of standalone
balloon kyphoplasty with calcium phosphate cement augmentation in traumatic
fractures. Eur Spine J. 2007;16(5):601-10.

Maestretti G, Sutter P, Monnard E, Ciarpaglini R, Wahl P, Hoogewoud H, Gautier
E. A prospective study of percutaneous balloon kyphoplasty with calcium
phosphate cement in traumatic vertebral fractures: 10-year results. Eur Spine
J. 2014;23(6):1354-60.

Fuentes S, Metellus P, Fondop J, Pech-Gourg G, Dufour H, Grisoli F. [Percuta-
neous pedicle screw fixation and kyphoplasty for management of thoracolumbar
burst fractures]. Neurochirurgie. 2007;53(4):272-6. French.

Furderer S, Anders M, Schwindling B, Salick M, Duber C, Wenda K, et al.
[Vertebral body stenting. A method for repositioning and augmenting vertebral
compression fractures]. Orthopade. 2002;31(4):356-61. German.

Muto M, Marcia S, Guarnieri G, Pereira V. Assisted techniques for vertebral
cementoplasty: why should we do it? Eur J Radiol. 2015;84(5):783-8.
Tzermiadianos MN, Renner SM, Phillips FM, Hadjipavlou AG, Zindrick MR,
Havey RM, et al. Altered disc pressure profile after an osteoporotic vertebral
fracture is a risk factor for adjacent vertebral body fractures. Eur Spine J.
2008;17(11):15220-30.

Oner FC, van der Rijt RR, Ramos LMP, Dhert WJ, Verbout AJ. Changes in the
disc space after fractures of the thoracolumbar spine. J Bone Joint Surg Br.
1998;80(5):833-9.

. Crawford RJ, Askin GN. Fixation of thoracolumbar fractures with the Dick fixator:

the influence of transpedicular bone grafting. Eur Spine J. 1994;3(1):45-51.
Cinotti G, Della Rocca C, Romeo S, Vittur F, Toffanin R, Trasimeni G. Degenerative
changes of porcine intervertebral disc induced by vertebral endplate injuries.
Spine (Phila Pa 1976). 2005;30(2):174-80.

Kerttula LI, Serlo WS, Tervonen OA, Paékko EL, Vanharanta HV. Post-traumatic
findings of the spine after earlier vertebral fracture in young patients: clinical
and MRI study. Spine (Phila Pa 1976). 2000;25(9):1104-8.

Noriega D, Marcia S, Ardura F, Lite IS, Marras M, Saba L. Diffusion-weighted
MRI assessment of adjacent disc degeneration after thoracolumbar vertebral
fractures. Cardiovasc Intervent Radiol. 2016;39(9):1306-14.

Grafe IA, Baier M, Noldge G, Weiss C, Fonseca K, Hillmeier J, et al. Calcium-
-phosphate and polymethylmethacrylate cement in long-term outcome after
kyphoplasty of painful osteoporotic vertebral fractures. Spine (Phila Pa 1976).
2008;33(11):1284-90.

Fredrickson BE, Edwards WT, Rauschning W, Bayley JC, Yuan HA. Vertebral
burst fractures: an experimental, morphologic, and radiographic study.
Spine (Phila Pa 1976). 1992;17(9):1012-21.

Harrington RM, Budorick T, Hoyt J, Anderson PA, Tencer AF. Biomechanics of
indirect reduction of bone retropulsed into the spinal canal in vertebral fracture.
Spine (Phila Pa 1976). 1993;18(6):692-9.

Olivier E, Beldame J, Ould-Slimane M, Puech N, Lefebvre B, Marouteau-Pasquier
N, et al. [Treatment of thoracolumbar junction burst fractures (Magerl A3) by
balloon kyphoplasty: anatomic study]. Rev Chir Orthop Reparatrice Appar Mot.
2007;93(7):666-73. French.

Verlaan JJ, Dhert WJA, Verbout AJ, Oner FC. Balloon vertebroplasty in combi-
nation with pedicle screw instrumentation: a novel technique to treat thoracic
and lumbar burst fractures. Spine (Phila Pa 1976). 2005;30(3):E73-9.

Venier A, Roccatagliata L, Isalberti M, Scarone P, Kuhlen DE, Reinert M, et al.
Armed kyphoplasty: an indirect central canal decompression technique in burst
fractures. AUOINR Am J Neuroradiol. 2019;40(11):1965-72.

. Kriger A, Oberkircher L, Figiel J, FloBdorf F, Bolzinger F, Noriega D, Ruchholtz S.

Height restoration of osteoporotic vertebral compression fractures using different
intravertebral reduction devices: a cadaveric study. Spine J. 2015;15(5):1092-8.
Bolzinger F, Oglaza JF, Krliger A, Swider P. Measurement of implant deployment
and related forces in kyphoplasty by percutaneous approach. Clin Biomech
(Bristol, Avon). 2014;29(4):463-7.

Renaud C. Treatment of vertebral compression fractures with the cranio-caudal
expandable implant SpineJack®: technical note and outcomes in 77 consecutive
patients. Orthop Traumatol Surg Res. 2015;101(7):857-9.

Vaccaro AR, Oner C, Kepler CK, Dvorak M, Schnake K, Bellabarba C,
et al. AOSpine thoracolumbar spine injury classification system: fracture
description, neurological status, and key modifiers. Spine (Phila Pa 1976).
2013;38(23):2028-37.

Acta Ortop Bras.2022;30(3):€245117



45.

46.

47.
48.

49.

50.

5

'y

52.

Korovessis P, Hadjipavlou A, Repantis T. Minimal invasive short posterior
instrumentation plus balloon kyphoplasty with calcium phosphate for burst and
severe compression lumbar fractures. Spine (Phila Pa 1976). 2008;33(6):658-67.
Wardlaw D, Cummings SR, Van Meirhaeghe J, Bastian L, Tillman JB, Ranstam
J, et al. Efficacy and safety of balloon kyphoplasty compared with non-surgical
care for vertebral compression fracture (FREE): a randomized controlled trial.
Lancet. 2009;373(9668):1016-24.

Premat K, Vande Perre S, Cormier E, Shotar E, Degos V, Morardet L, et al.
Vertebral augmentation with the SpineJack® in chronic vertebral compression
fractures with major kyphosis. Eur Radiol. 2018;28(12):4985-91.

Cianfoni A, Distefano D, Isalberti M, Reinert M, Scarone P, Kuhlen D, et al. Stent-
-screw-assisted internal fixation: the SAIF technique to augment severe osteoporotic
and neoplastic vertebral body fractures. J Neurointerv Surg. 2019;11(6):603-9.
Zaryanov AV, Park DK, Khalil JG, Baker KC, Fischgrund JS. Cement augmentation
in vertebral burst fractures. Neurosurg Focus. 2014;37(1):E5.

Braunstein V, Sprecher CM, Gisep A, Benneker L, Yen K, Schneider E, et al.
Long-term reaction to bone cement in osteoporotic bone: new bone formation
in vertebral bodies after vertebroplasty. J Anat. 2008;212(5):697-701.

. Zhang C, Ouyang B, Li P, Wang L, Luo L, Zhao C, et al. A retrospective study of

thoracolumbar fractures treated with fixation and nonfusion surgery of intravertebral
bone graft assisted with balloon kyphoplasty. World Neurosurg. 2017;108:798-806.
Togawa D, Bauer TW, Lieberman IH, Takikawa S. Histologic evaluation of human
vertebral bodies after vertebral augmentation with polymethyl methacrylate.
Spine (Phila Pa 1976). 2003;28(14):1521-7.

Acta Ortop Bras.2022;30(3):€245117

54.

55.

56.

57.

58.

59.

60.

. Verlaan JJ, Oner FC, Slootweg PJ, Verbout AJ, Dhert WJ. Histologic changes

after vertebroplasty. J Bone Joint Surg Am. 2004;86(6):1230-8.

Libicher M, Hillmeier J, Liegibel U, Sommer U, Pyerin W, Vetter M, et al.
Osseous integration of calcium phosphate in osteoporotic vertebral fractures
after kyphoplasty: initial results from a clinical and experimental pilot study.
Osteoporos Int. 2006;17(8):1208-15.

Schutzenberger S, Schwarz SM, Greiner L, Holub O, Grabner S, Huf W, et al.
Is vertebral body stenting in combination with CaP cement superior to kyphoplasty?
Eur Spine J. 2018;27(10):2602-8.

Klein R, Tetzlaff R, Weiss C, Schafer MK, Tanner M, Wiedenhofer B, et al.
Osteointegration and resorption of intravertebral and extravertebral calcium
phosphate cement. Clin Spine Surg. 2017;30(3):E291-6.

Van Herck B, Leirs G, Van Loon J. Transpedicular bone grafting as a supplement
to posterior pedicle screw instrumentation in thoracolumbar burst fractures.
Acta Orthop Belg. 2009;75(6):815-21.

Alanay A, Acaroglu E, Yazici M, Oznur A, Surat A. Short-segment pedicle instru-
mentation of thoracolumbar burst fractures: does transpedicular intracorporeal
grafting prevent early failure? Spine (Phila Pa 1976). 2001;26(2):213-7.

Knop C, Fabian HF, Bastian L, Blauth M. Late results of thoracolumbar
fractures after posterior instrumentation and transpedicular bone grafting.
Spine (Phila Pa 1976). 2001;26(1):88-99.

Tagil M, Johnsson R, Stromqvist B, Aspenberg P. Incomplete incorporation
of morselized and impacted autologous bone graft: a histological study in 4
intracorporally grafted lumbar fractures. Acta Orthop Scand. 1999;70(6):555-8.

Page 8 of 8



