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ABSTRACT

Vertebral fracture (VF) is a common condition with >160,000 patients affected every year in North America and most of
them with affected lumbar vertebrae. The management of VF is well known and defined by many protocols related to
associated clinical neurological symptoms, especially in case of the presence or absence of myelopathy or radicular
deficit. In this article, we will explore the percutaneous stabilization of the lumbar spine by showing the newest

approaches for this condition.

INTRODUCTION

Vertebral fracture (VF) can be secondary to high- or low-
energy trauma. Low-energy trauma occurs more frequently
in females, with an increased prevalence related with the
ages, whereas high-energy traumas are more frequent in
males and are not related with older age.' Pathological VF
is secondary to osseous involvement by a localized de-
bilitating condition, mainly tumours. Most are due to
malignancies such as myeloma and primary bone tumours.
The spine is the most affected target by metastases.' Ana-
tomically and functionally, the thoracic and lumbar spine
can be divided into three regions—thoracic spine
(T1-T10), thoracolumbar junction (T10-L2) and the
lumbar spine (L3-L5).2

The narrow spinal canal in this region predisposes to spinal
cord damage resulting in a high incidence of neurological
deficit. The relatively lesser incidence of neurological injury
in lumbar fractures can be attributed to the large size of the
neural canal.’ In North America, the incidence of spinal
injuries is >160,000 every year.! Among the thor-
acolumbar injuries, 50-60% affected the transitional zone
(T11-L2), 25-40% affected the thoracic spine and 10-14%
involved the lower lumbar spine and sacrum.” Neurological

injury complicates 20-36% of fractures at the thor-
acolumbar junction in different studies.®™®

Conventional radiographs with anteroposterior and lateral
radiographs are usually the first technique used to study
patients suspected for VE. Radiographic evaluation should
include spinal alignment, the presence of any rotation or
translation, assessment of the kyphosis, loss of vertebral
height and widened interpedicular or interspinous
distance.”™" CT scan provides further information on the
extent of bony injury, and MRI scan shows injury to the
spinal cord and soft-tissue structures.’

The classification of thoracolumbar fractures has evolved
over the years. In 1929, Jones'? had described thor-
acolumbar fractures classification based only on
radiographs. In 1970, Holdsworth had introduced the
“two column concept”.13 Denis et al,’* in 1976, pro-
posed the “three column concept. The most recent
classification system is the AOSpine Knowledge Forum
classification of thoracolumbar trauma. Based on the
AO thoracic and lumbar fracture classification, frac-
ture dislocation injuries could be B1.2, B2.3, B3.3 and
C types.ﬁ’ls’16



http://dx.doi.org/10.1259/bjr.20150436
mailto:lucasaba@tiscali.it

BJR

It is possible to classify vertebral traumatic fractures as stable or
unstable related and in the past years several classifications have
been suggested: the most commonly used is the Magerl’s clas-
sification that considers trauma in compression, rotation and
distraction injuries.

Magerl Al type is considered a main indication for percutaneous
vertebroplasty (PVP), percutaneous balloon kyphoplasty (BKP)
or vertebral augmentation (VA). However, it is important to
underline that these subjects can be treated also with or-
thosis devices, bed rest as well as medical and/or physical
therapy.

Anatomy and physiopathology

The spine (also known as the vertebral column or spinal col-
umn) is a structure with 26 bones in an adult body: 24 separate
vertebrae interspaced with cartilage and, then additionally, the
sacrum and coccyx. Prior to adult age, the spine has 33 bones
because the sacrum and coccyx bones do not fuse together until
adolescence.

In each vertebra, there are the following parts: the body, verte-
bral foramen, spinous process and transverse process. The ver-
tebral body is the main part of the vertebra.

A fundamental part in the spinal column is the intervertebral
disc that is made of two different parts: the annulus fibrosus and
the nucleus pulposus. The annulus fibrosus is made of tough
fibrocartilage, whereas the nucleus pulposus absorbs the
body’s weight.

A VF occurs after a trauma that is usually quite big, but in some
cases, VFs can occur in people with some pathologies such as
osteoporosis or cancer. These conditions reduce the bone
strength of the spine and can break them with little or no force.
Generally, the most commonly fractured vertebrae are those in
the lower back.'”'®

Three major types of VF are considered: osteoporosis,
trauma and pathological fracture. The first one usually
occurs in females who have gone through menopause or in
elderly people under steroid medication. In this condition,
the normal bone density is lost and the resulting abnor-
mally porous bone is more compressible, and bone frac-
tures are at increased risk due to the weakened skeletal
bones. When affected by osteoporosis, the bones can
fracture with relatively minor injury that would normally
not cause a bone to fracture.'”* Another cause of fracture
is the trauma; an injury that is severe enough to cause
vertebrae to fracture can occur as a result of many inci-
dents. VF can occur in people who have been involved in
car accidents.

The third category is the so-called pathological fracture that
refers to a VF that occurs because of some preexisting disease at
the site of fracture such as metastasis, bone infection, osteo-
myelitis or diabetes. Pathological fractures are usually caused by
cancer in the bone (primary or metastasis), especially by pros-
tate, breasts or lungs.21
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Percutaneous stabilization method 1: vertebroplasty
The first case of percutaneous vertebral procedure (PVP) was
described in France, by Deramond and Galibert in 1984 who
injected polymethylmethacrylate (PMMA) bone cement at the C2
level in a patient with an aggressive haemangioma with relief of
pain.*” This technique became popular among interventional
radiologists for rapid pain relief.>> In 1988, PVP was widely used
in primary and secondary painful osteoporotic vertebral fractures
around the world. The application of PVP in VF was first pub-
lished in 1989,** and the first case series was published in 1997.
However, PVP is not effective in restoring vertebral height.

According to the guidelines published in 2003 by the Society of
Interventional Radiology (SIR), common indications for PVP
include osteoporotic VF of more than 2 weeks and refractory by
medical therapy, painful vertebra with extensive osteolysis or
invasion secondary to benign or malignant tumour.”> Any pa-
tient with improvement of symptoms with conservative treat-
ment, asymptomatic VE the presence of osteoblastic metastasis,
tumour mass with spinal canal involvement, pregnancy, un-
correctable coagulopathy, severe cardiorespiratory disease, ce-
ment allergy, and systemic and especially local infection cannot
be eligible. Injection of PMMA cement into an injured vertebral
body can be performed using a needle that is placed percuta-
neously using a transpedicular approach.

High-quality fluoroscopy equipment is essential but a hybrid
technique using both fluoroscopy and CT has been described by
some authors.”®*” PVP was carried out under local anesthesia.
Needles used in PVP procedures are standard bone marrow
biopsy-type needles. For lumbar levels, 10- or 11-gauge needles
are used, but for the thoracic levels, 13- or 14-gauge needles are
preferred.”® The transpedicular approach is most often used in
the lumbar spine and the extrapedicular approach in the tho-
racic spine.”” The standard bipediculate approach has been used
to fill each vertebral half separately.

The patient is placed in the prone position, and using fluoro-
scopic or CT guidance, a needle was placed into the anterior
third of the damaged vertebral body. In order to facilitate filling
of the fracture area, typically, anterosuperior route is selected
and this also allows to avoid injection into the larger vascular
sinuses of the basivertebral venous plexus.”® The injection of
PMMA has to be forced to surpass the local pressure of the
trabecular bone of the treated vertebra, so the bone cement is
transferred under pressure. During injection of the cement,
continuous observation is necessary to prevent excessive bone
cement leakage (Figure 1).

PVP and BKP are associated with some potential peri-operative
and post-operative adverse events: cement leakage, pulmonary
embolism, haematoma, adjacent vertebral fracture, spinal cord
compression, radiculopathy and infection.”’® Cement leakage
constitutes the most common complication of these minimally
invasive procedures (27-75%). Fortunately, most of the cement
extravasation phenomena are clinically asymptomatic.’’° Ce-
ment may leak into the intervertebral disc space (most com-
mon), anterior paravertebral area, throughout the needle tract,
venous system, intervertebral foramen or even epidural space
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Figure 1. Vertebroplasty: the steps of percutaneous vertebroplasty: introduction of the needle in anteroposterior (a) and
laterolateral (b) view, injection of polymethylmethacrylate under continuous fluoroscopic guidance (c) and final result (d).

(spinal canal).”®™*' Pulmonary embolisms occur, with rates
ranging from 0.6% (for PVP) to 0.01% (for BKP).**

Walker et al*® reported osteomyelitis a rare complication, which
requires corpectomy. Adjacent-level vertebral fracture is a major
post-operative complication of PVP or BKP. In a comparative
study on adjacent-level vertebral fractures after VA procedures,
Movrin et al** found that the rate of adjacent level fractures
widely varied for both PVP (8-52%).

In the recent years, surgeons showed an increasing interest for
the use of a synthetic bone substitute capable of remodelling or
integrating into the surrounding bone; in particular, calcium
phosphate cement. This is expected to work as a carrier for
osteoinductive proteins.*>™*’ Recent studies showed that few
new-generation bioactive bone cements have been found to
induce new bone formation and also have good mechanical
stability.”>' Bioactive composite materials prepared from
acrylic cement in conjunction with ceramics showed good radio-
opacity.”* Cortoss, a composed material-based bone cement
currently undergoing clinical trials for PVP and BKP is com-
posed of terpolymer resin with combeite glass-ceramics.

Percutaneous stabilization method 2:

balloon kyphoplasty

BKP technique was proposed some years ago. It was introduced
in 1990s with the aim of stabilizing the vertebral fracture and
restoring the vertebral height as close as possible to the pre-
fracture level and minimizing the associated kyphotic de-
formity.”> The term “Kyphoplasty®” was coined by Kyphon, the
company that markets the balloons, to emphasize that correcting
kyphosis is among the main objectives of the procedure. BKP is
a slightly more complicated technique then PVP and is involved
in the introduction of an inflatable bone tamp into the com-
pressed vertebral body with the aim of elevate the end plates.
This is carried out by creating a cavity inside the vertebral body
that is filled with cement. PMMA is the most frequent bone
cement used in these procedures. BKP has been suggested in the
treatment of osteoporotic VE, in the vertebral collapse fractures
caused by malignancies or in traumatic VF in young patient. The
initial experience of BKP for use in patients with myeloma with
multiple fractures has been favourable. In 18 patients who

underwent 55 kevel of BKP, there were no major complications
at a mean follow-up time of 7.4 months.”® Posterolateral ap-
proach is preferred; an alternative approach could be the
transpedicular route.”® A 10-gauge cannula is inserted into the
vertebral body under fluoroscopic or CT guidance. The inner
cannula is removed, and a trocar is inserted through the cannula
and is used to create a path into the vertebral body.

Then, the trocar is removed and a balloon is inserted into the
vertebral body via the tube, under fluoroscopic guidance. An
appropriate position of the inflatable balloon is identified plac-
ing distal and proximal radiographic markers. The balloon is
inflated under manometric control to restore the collapsed end
plate to its normal position and to create a cavity within the
vertebra. The contralateral balloon is placed before inflation to
allow symmetric elevation of the vertebral end plates (Figure 2).
The balloon is filled with radiographic contrast medium to evaluate
the size of balloon expansion. When the height is restored through
an en masse reduction, the balloon is deflated and removed. The
bone cement is injected into the cavity under a low-pressure de-
livery system, thus reducing the risk of cement leakage. The rate of
neurological complications with BKP as reported by Hulme et al®®
was 0.03%. In BKP, rupture of the bone tamp also rarely occurs and
usually does not carry any adverse effect.”” Phillips et al>® reported
significantly less contrast extravasation-related complications in
BKP than PVP [odds ratio (95% confidence interval): 0.04
(0.00-0.68) p = 0.03]. In a comparative study on an adjacent-level
VF after VA procedures, Movrin et al** found that the rate of
adjacent level fractures widely varied for BKP (3-29%). Limited
BPK literature is available compared with PVP.

In 2003, Ledlie et al’® concluded that BKP was efficacious in
restoring vertebral body height in 26 patients (41 fractures)
when monitored for 1 year after procedure. In 2009, a multi-
centre study assessed the effectiveness and safety of BKP and
followed up patients up to 1 year post-operatively. The authors
concluded that BKP was effective and safe in treating acute VE.*°

In 2005, Masala®" treated 11 patients with VF occurred up to
3 months earlier and due to osteoporosis or myeloma, and the
authors found that BKP proved to be a safe and effective method
for the treatment of intractable pain due to VE.
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Figure 2. Balloon kyphoplasty: inflation of the balloons in anteroposterior (a) and laterolateral view (b, c), injection of the bone
cement after deflation and delivery of the balloons (d) and final result (e, f).

In a study recently published, Niu et al®* have concluded that
BKP is an effective treatment strategy for osteoporotic VE.

Percutaneous stabilization method 3: vertebral
augmentation systems

As an alternative to BKP, VA mechanical devices were introduced
in the past few years,”>””! in order to reach the best long-term
vertebral height restoration. In fact, clinical experience has
demonstrated a potential limitation of BKP with loss of restored
height after balloon deflation due to vertebral elastic recoil.”>”*

Thanks to the capacity of VA to restore the physiological ver-
tebral height, this treatment is considered a good indication in
patients affected by Magerl Al fractures. Also, subjects having
Magerl lesions A2 and A3 type can also be considered for this
treatment in selected cases (polytrauma with comorbidities, cases
which the surgical and anaesthesiologist risk is too high or in el-
derly people not suitable for surgical intervention and in all).

To the best of our knowledge, four VA systems were described in
literature: the VerteLift® (Spine Align Medical Inc., San Jose,
CA)®* (Figure 3), a nitinol cage; the OsseoFix® (Alphatec Spine
Inc., Carlsbad, CA)®" (Figure 4), a titanium self expandable
mesh cage; the Vertebral Body Stenting® (Synthes, Soletta,
Switzerland) (Figure 5),%%%7 3 titanium balloon-expandable stent;
and the Spine Jack® (Vexim, Balma, France),” a titanium endo-
vertebral jack (Figure 6). Procedures can be performed in an op-
erating room equipped with a C arm or in an angiography room.
Usually, local anaesthesia® or deep sedation (fentanest and pro-
pofol) is used, but some surgeons described general anaesthesia.®’

All these implants require the same bipedicular approach; access
cannulae are inserted using the oblique projection and then

advanced in the anteroposterior projection to the medial aspect
of the pedicle; in the anteroposterior view, the medial margin of
the pedicle is an absolute anatomical landmark to check before
to pass over the posterior wall of the vertebral body in latero-
lateral view.

The delivery pathway for the VerteLift is obtained with trocars
and a manual drill through the transpedicular cannulae. It is
important to underline that the bone tissue obtained during
drilling can be used for histological examination. Once the
implants are properly positioned and expanded, the delivery
system is detached. Injection cannulae are pre-filled with
PMMA. When the cement reaches the optimal viscosity
(“toothpaste consistency”) the cement injection is performed.
For each level, an average value of 5ml are injected.

The OsseoFix mesh cage implant requires two Kirshner wires
inserted into the access cannulae, followed by cannulated dril-
ling of the pathway into the anterior third of the vertebral body.
An implant delivery system helps to insert the two titanium
mesh cages. A mechanical actuation system is used to deploy the
expandable cages in a controlled manner. The size of the cage
has been previously selected according to pre-operative planning
from pre-operative CT scans. Then, cement injection could be
performed by means of dedicated fillers, but some authors de-
scribed the implant of the mesh cages without PMMA
injection.””

The vertebral body stenting device represents an evolution of
BKP, having a balloon expandable titanium stent that can be
delivered with balloon inflation.®**>*” Through the working
cannula, a metallic drill can be used to model the trabecular
bone such as other osteotomy cannula to lead the insertion of
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Figure 3. VerteLift® (Spine Align Medical Inc., San Jose, CA) device: final position of the implant (a, b) and after injection of

polymethylmethacrylate (c, d).

the metallic implant without problems. The cement can be
injected through a slow injection system such as bone filler or
through a 1-ml syringe that lead to inject a quite high viscosity
cement, with less either disk and venous leakage.

The concept of the Spine Jack implant is different from the other
VA systems; the craniocaudal expansion of the device (instead of
spherical, such as the other devices) allows forces to be applied
only on the vertebral end plates, and in that way, height resto-
ration can be obtained without retropulsion of bone fragments;
moreover, the reduction of the bone fragments is also possible
due to ligamentotaxis. Following the positioning of the trocar
needles, a Kirshner wire is then inserted; a manual cannulated
reamer is then used to do the pathway for the template. The

procedure is then repeated through the contralateral pedicle
unless both devices are inserted into the vertebral body. Owing
to the craniocaudal expansion of the laminas, the optimal po-
sition of the devices is parallel to the end plates. The implants
can be expanded and deployed with manual rotation of a mul-
tifunctional handle. Once the implants are delivered, the bone
cement can be injected through dedicated bone fillers under
fluoroscopic guidance to avoid leakages.

Evidence from literature and suggested guidelines

In the past few years, several articles have been authored to
assess if VA is really effective in pain relief in patients with
osteoporotic fractures and what is the best management of os-
teoporotic VF between non-surgical management, PVP and

Figure 4. OsseoFix® (Alphatec Spine Inc., Carlsbad, CA) device: introduction (a), expansion (b), and delivery (c) of the implantand

final result after injection of the bone cement (d, e).
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Figure 5. Steps of the vertebral body stenting device: insertion of the device (a), inflation of the balloons (b, ¢), deflation of the
balloons and delivery of the two stents (d, e€) and injection of polymethylmethacrylate (f).

BKP. Taylor et al®® performed an analysis of the literature,
assessed 69 articles and found pain relief is 87% with an im-
provement of functions.

Wardlaw et al®® published in The Lancet, an article that assessed
300 patients with 1 to 3 acute VFs in a randomized controlled
trial at 21 sites in 8 countries. 149 subjects received BKP treat-
ment, whereas 151 subjects received non-surgical care. The
authors found that BKP is an effective and safe procedure for
patients with acute VF and will help to inform decisions re-
garding its use as an early treatment option. In particular,
patients in the BKP group reported a better quality of life im-
provement than conservative medical care at 1 month and
12 months. Patients in the BKP group reported pain relief and
analgesic drug reduction superior to the control group.

In another article, Boonen et al”> assessed the effect of BKP at
24 months; 120 patients underwent BKP, whereas 112 were
treated with conservative care. The authors found that patients

who were treated with BKP experienced and maintained a better
quality of life improvement than patients with conservative care.
It is interesting to observe that the new fracture rate difference
between the BKP group (47.5%) and the conservative care group
(44.1%) is not statistically significant. This is probably related to
the pathology (osteoporosis) and not to the procedure.

The effects of the PVP were assessed in different articles pub-
lished in extremely prestigious journals.”*”® The first random-
ized controlled trials published in The New England Journal of
Medicine in 2009”>7° demonstrated that PVP did not show
statistically significant difference against placebo for the attrib-
utes of pain relief and quality of life. This, expectedly, stimulated
a wide array of criticism and review. There were a number of
reactions for these critiques. Those authors who criticized these
studies outlined a number of faults with the design including
(but not limited to) the limited number of patients, high refusal
rate, insufficient amount of PMMA injection, inappropriate
sham procedure and others. The topic was further complicated

Figure 6. Steps of the Spine Jack device: introduction of the trocar needle (a) followed by the Kirshner wire (b), the reamer (c) and
the template (d); once the contralateral approach has been performed, introduction of the implants (e), their expansion in
laterolateral (f) and anteroposterior (g) view and injection of polymethylmethacrylate (h).
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when The Lancet published a radio-chemo-therapy study of its
own that demonstrated the superiority of PVP over conservative
management;’* in this study, the authors identified 431 patients
who fulfilled the inclusion criteria: 50 years or older; the pres-
ence of VF on spine radiograph (minimum 15% height loss,
level of fracture T5 or lower, and bone oedema on MRI); back
pain of 6 weeks or less; and a visual analogue score of 5 or
greater.

The restoration of the vertebral height is also associated with
pain relief. The mechanisms underlying pain relief following VA
remain still debated but are likely multifactorial, owing at least
in part to restoration of vertebral body height, but perhaps also
to other mechanisms. In particular, reduced vertebral body
compliance at microfracture sites, or such as in case of PVP or
BPK direct neurotoxic effects of the PMMA could occur during
cement polymerization.””

The conflicting evidence has sparked ongoing debate in the
medical community. All sides have provided arguments sup-
ported by evidence of varying strength and validity, and the
evidences presented by proponents of both sides of the debate
appear to have validity. In a recent published article from the
Everest Group,65 where >4000 patients were studied, the authors
found that 88.0% of the patients reported significant pain relief
within 48h and that 13% of the subjects were retreated for
a subsequent fracture. It is interesting to observe that best results
are obtained in the treatment of myeloma and trauma. The
authors concluded that PVP is an effective and safe procedure in
the treatment of VF and that best results are obtained in the
treatment of myeloma and trauma.

However, these articles for or against VA procedures have sig-
nificant limitations in their validity and, for this reason, the
debate cannot be concluded, until more elaborate studies are
conducted involving larger numbers of patients with clear pro-
cedure methods agreed upon by the major authorities in
the field.”®

BKP and PVP are well-established minimally invasive proce-
dures for the treatment of VF/compression, but other
approaches have also been suggested. By considering the other
approaches, in an article recently published by Spine,®* the
authors assessed 40 patients, with a follow-up of 15 months,
with one or more painful osteoporotic VF using VA with nitinol
endoprosthesis. The authors found that this technique can be
considered a safe and effective procedure. Hartmann et al®®
assessed the value of the vertebral body stenting in a very small

BUR

population (n=18), and therefore this could be considered
a preliminary study, but the results are similar to BKP.

Another study’' published in 2013 assessed the implantation of
an expandable titanium mesh cage (OsseoFix) with a 12 month
follow-up are presented. The authors assessed 24 patients with
32 osteoporotic VFs. The authors found significant pain relief.
Moreover, the mean kyphotic angle showed significant
improvements after 12 months.

According to the reviewed literature, we suggest to adopt the
following guidelines that were proposed by Anselmetti et al”” in
a recently published article in Pain Physician and that can be
summarized as follows:

Non-surgical management

Non-surgical management is indicated in case of negative MRI
or in case of positive MRI without other unfavourable con-
ditions and is non-indicated when there is proof of ongoing
fracture process or = other unfavourable conditions.

Vertebroplasty

Vertebroplasty is indicated in case of positive MRI with time since
fracture or 6 weeks and over and no spinal deformity and is non-
indicated where there is negative MRI or spinal deformity.

Other vertebral augumentation procedures

Other vertebral augumentation procedures indicated in case of
ongoing fracture process with positive MRI and 1 and more
other unfavourable factors and is non-indicated where there is
negative MRI with time since fracture =3 months or when there
is a negative MRI with time since fracture =6 weeks—3 months
and moderate impact of symptoms.

CONCLUSION

PVP and BKP both are effective in VA and pain relief in patients
with osteoporotic or tumour-associated VE. On the basis of
systematic reviews of available literature, based on indirect
comparisons, very few differences in terms of clinical outcomes
of these two procedures are present. Both procedures are min-
imally invasive, and therefore represent a relatively low-cost al-
ternative to open surgical interventions for VE. Both procedures
give immediate pain relief and improvement in physical func-
tioning, although the effect is not long term. Based on the
current literature, we can conclude that PVP and BKP may be
considered in patients who sustain an acute VF and who do not
adequately improve after a reasonable course of non-surgical
management.
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