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Abstract: A vertebral compression fracture (VCF) is a pathological condition, which can be caused by
osteoporotic degeneration or metastatic disease. It represents a socioeconomic burden on healthcare
systems, due to increased pain, long-term morbidity, and disability. Vertebroplasty (VP) is an
image-guided, minimally invasive, interventional procedure, in which bone cement is injected via a
percutaneous approach into the vertebral soma, to provide structural support and to stabilize the
weakened structure. The aim of this narrative review is to describe vertebral column biomechanics, as
well as indications, contraindications, and techniques to successfully perform VP for the treatment of
VCFs. Methods: We performed a narrative literature review on the main online databases regarding
VP, and mainly focused on patient selection, preoperative imaging, procedural steps, complications,
and outcomes. Results: The most recent evidence in the literature has shown that VP provides
significant and sustained clinical benefits for patients with a VCF, and it is indicated in patients with
comorbidities that make prolonged bed rest dangerous, patients with fractures that fail to heal, and
as palliation in patients with a painful VCF due to metastatic disease. Conclusions: VP is considered
to be a safe and effective treatment option for the treatment of osteoporotic and malignant VCFs that
are resistant to adequate medical therapy. Patient selection, preprocedural evaluation, and proper
technique execution are the key points to obtain the best outcomes and to minimize complications.

Keywords: osteoporosis; vertebroplasty; vertebral compression fracture; back-pain ache; metastatic
disease; minimally invasive interventional techniques; polymethylmethacrylate (PMMA)

1. Introduction

A vertebral compression fracture (VCF) represents a common cause of debilitating
back pain, which severely affects physical function, mental health, survival, and hence,
quality of live [1,2]. Osteoporosis, neoplasms (e.g., myeloma, metastasis, lymphoma, and
hemangioma), osteonecrosis, and trauma represent the most frequent etiologies [3].

Annually, osteoporotic VCFs involve approximately 1.4 million patients in the world [4],
influencing patients’ quality of life and resulting in increased costs of public health care sys-
tems [5,6]. Regardless of etiology, the initial treatment of VCFs has always been considered
to be conservative with administration of analgesic drugs [7]. The VERTOS III study, which
evaluated a large group of symptomatic patients with VCFs, reported that 50% of patients
experienced progressively decreased pain, especially during the first 3 months, while the
other half of the patients reported insufficient reduction in pain at 12 months [8].

Bone metastases are often related to intense pain and pathological fractures, which
result in functional alterations and increased disability, morbidity, and mortality. The
handling of this condition is influenced by the therapeutic intent, the risk of fracture, or the
eventuality of neurological compression [9].
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Vertebra augmentation procedures (VAPs) include several minimally invasive inter-
ventional techniques that are used to treat VCFs, in which, under imaging guidance, bone
cement is injected percutaneously to restore the strength of a vertebral body [10]. Percuta-
neous kyphoplasty (PKP) can restore vertebral height and correct kyphosis, by placing an
inflatable bone tamp in a vertebral body subsequently filled with cement [11–13].

Before cement injection, percutaneous implant techniques (PIT) include the placement
of different types of expandable bone implant systems in the vertebral body [7].

Percutaneous vertebroplasty (VP) is a minimally invasive technique that involves
injection of bone cement into a partially collapsed vertebral body to improve stability and
to obtain pain reduction. [11] VP initially entered the field of interventional radiology in the
case of painful vertebral hemangioma, to obtain a reduction in pain [14]; subsequently, VP
has been used in patients with a VCF to provide fast pain relief, and to improve functional
capability, and hence, quality of life [15–20]. However, there is still controversy regarding
the choice between VP and conservative management.

Conservative treatments commonly proposed in patients with a VCF include pharma-
cological medications, in particular, analgesics and behavioral interventions such as bed
rest, bracing, and physiotherapy [21] with manual techniques and exercises in order to
improve physical function and reduce disability [22].

In the literature on the use of orthosis for patients with a VCF, there is only one
randomized controlled trial [23], in which, for most outcome measures, the differences
between the kyphoplasty and the non-surgical groups were significant at one-month follow-
up, but not at twelve-month follow-up [24].

However, the superiority of VAPs over conservative management is inconclusive, until
the best conservative management for patients with a VCF is defined and standardized [21,25].

Recently published level I studies have shown significant advantages associated with
VP as compared with conservative management. Klazen et al. [26], in a study involving
202 patients with acute osteoporotic VCFs, demonstrated immediate significantly greater
pain relief after VP as compared with conservative management.

Another randomized controlled trial by Farrokhi et al. (2011) [27] demonstrated
an instant five-point reduction in the pain visual analog scale (VAS) score after VP and
better quality of life at 2, 6, 12, and 24 months, in association with a significantly better
correction of spinal deformity and vertebral height restoration as compared with medical
management.

A multidisciplinary strategy is mandatory for patients, who should go through this
procedure with a proper adjuvant therapy and follow-up, correlating symptoms and the
clinical signs with the imaging findings [1,28].

The purpose of this article is to present the vertebral biomechanics, indications and
contraindications, and techniques to perform a successful percutaneous vertebroplasty.

2. Literature Search Method

A literature review on the use of VP for VCFs was performed using online databases.
PubMed, MEDLINE, Google Scholar, and Web of Science were used to extract the articles,
associated with the research keywords “percutaneous vertebroplasty” and “vertebral
compression fractures”. Human studies written in English up to July 2022 were taken into
consideration and included. In order to identify any missing publications, the reference
lists of the relevant studies were screened. The literature search and study selection were
performed independently by two investigators (G.P. and F.R.). First, the titles and abstracts
were evaluated. Secondly, full texts were retrieved and evaluated. A third author (E.F.)
resolved any discrepancies. Data on patient selection, preoperative imaging, procedural
steps, complications, and outcomes of VP were extracted from each eligible study.
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3. Results
3.1. Patient Selection

The indications and contraindications of percutaneous vertebroplasty that have been
reported in the CIRSE guidelines are summarized in Table 1 [7].

Table 1. Indications and contraindications of percutaneous vertebroplasty.

INDICATIONS CONTRAINDICATIONS

• Painful osteoporotic VCFs refractory to a
4–6-week of appropriate medical therapy.
Failure to respond to medical therapy is
defined as minimal or no pain relief with
prescribed analgesics, or inadequate pain
relief in patients who are unable to
tolerate narcotics secondary to unwanted
side effects such as sedation, confusion,
and constipation.

• Painful vertebrae due to benign bone
tumors (e.g., aggressive hemangioma,
giant cell tumor, and aneurysmal bone
cyst)

• Extensive osteolysis due to malignant
infiltration by multiple myeloma,
lymphoma, and metastasis

• Osteonecrosis
• Symptomatic vertebrae plana
• Acute stable A1 and A3 traumatic

fractures
• Chronic traumatic fracture in normal bone
• Need for vertebral body or pedicle

reinforcement prior to posterior surgical
stabilization

Absolute

• Asymptomatic VCFs or improvement
after medical treatment without
worsening of the collapse

• Unstable spinal fracture, in particular,
patients with diffuse idiopathic skeletal
hyperostosis (DISH) and ankylosing
spondylitis

• Osteomyelitis, discitis, or active systemic
infection

• Severe uncorrectable coagulopathy
• Allergy to bone cement or opacification

agents

Relative

• Radicular pain
• Tumor extension into the vertebral canal

or cord compression
• Fracture of the posterior column, as there

is increased risk of cement leakage and
posterior displacement of loose
fragment(s); severely compressed
vertebral fracture, defined as vertebral
body collapse to less than one-third of the
original height

• Diffuse metastases

Ref. [7] Georgia Tsoumakidou, Chow Wei Too, Guillaume Koch, Jean Caudrelier, Roberto Luigi Cazzato, Julien
Garnon, Afshin Gangi. CIRSE Guidelines on Percutaneous Vertebral Augmentation. Cardiovasc Intervent Radiol.
2017 Mar; 40(3):331–342.

3.2. Preoperative Imaging

Adequate preoperative imaging is essential because it is required to identify the
vertebral fracture, to date the fracture, and to define the anatomy also assessing the integrity
of the posterior vertebral somatic wall [1]; moreover, it excludes other differential diagnoses
for back pain [2].

Plain spine radiographs, at least in an anteroposterior and lateral view, provide
panoramic images of the levels affected in the disease process. An MRI is more accurate
because it provides information essential to guide therapeutic management decisions,
such as age and healing status of the lesion (acute vs. chronic, incompletely healed vs.
consolidated). Due to bone marrow edema, acute, subacute and non-healed fractures are
hypointense on T1W images and hyperintense on T2W and STIR sequences [2,29].

A CT scan can be executed [2] to acquire information concerning the presence of
epidural or foraminal stenosis caused by extension of the tumor or retropulsed bone
fragments, the location and extent of the lytic process, and the involvement of pedicles.
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3.3. Procedural Steps

The procedure can be carried out under local anesthesia [30], conscious sedation,
epidural/spinal anesthesia, or general anesthesia [31–33]. In all patients, a preprocedural
antibiotic prophylaxis should be performed immediately before the procedure, accom-
panied by a mandatory intraprocedural antibiotic administration in the case of immuno-
compromised patients [34,35]. The patient should assume a prone position, with padding
to minimize spinal curvature [36].

Fluoroscopic guidance is the most widely used A CT scan is used especially in patients
with lytic pathologic lesions and posterior wall cortical interruption [10]. Cone-beam CT,
combined multidetector CT, or cone-beam CT and real-time fluoroscopy can be used to
plan computer-assisted needle guidance [37,38]. In the absence of fluoroscopy, it can aid
navigation systems for CT-guided percutaneous procedures.

Technique

Patients are usually in a prone position and a local anesthesia with a 22 gauge spinal
needle is always performed during VP needle placement, under the skin and the periosteum.
Identification of the pedicle is fundamental and it is usually performed using fluoroscopic
guidance with an oblique plane [39].

A direct transoral approach should be performed to avoid neural and vascular struc-
tures in the case of C1 and C2 fractures; below that level, both anterolateral and posterior
transpedicular approaches can be used [40]. Needle trajectory, planned in the case of the
upper thoracic level, is through the horizontally orientated transverse process, using a
unilateral transpedicular approach. As far as the lumbar spine is concerned, a unilateral
transpedicular approach is indicated.

The trajectory of the needle is through the pedicle and the needle tip point to the
midline and anterior third of the vertebral body. In the case of a bipedicular approach,
the entrance of the needle is more medial and the trajectory is less oblique. For stable
fractures of the sacral wings, a posterior approach is usually used, while for fractures of
the sacral body (level S1, S2), the oblique approach through the SI joint is preferred [7].
Usually, 10–14 gauge needles with a blunt or diamond-tipped stylet are used [41]. The
fluoroscopic C arm is arranged in a 20-/30-degree ipsilateral oblique view, and then it
should be inclined cranially or caudally to obtain a “straight on” view of the vertebral
body with a visual overlap of the anterior and posterior walls. With the aid of intermittent
fluoroscopic images, the VP needle is advanced “down the barrel” of the pedicle, with a
transpedicular approach, to reach the vertebral body. In order to limit the risk of nerve
root or spinal cord injury, the needle should not violate the medial and inferior walls of
the pedicle, hence, it should be advanced toward the upper and outer half of the face of
the pedicle. Pedicle structures, especially in older degeneratively altered spines, are hardly
recognizable in AP projection, and reliable identification of the safe zone is only possible in
pedicle view to avoid misplacements.

To guarantee an adequate cranio-caudal inclination and to determine whether the
needle has reached the posterior wall of the vertebral body, intermittent lateral views and
AP (ipsilateral oblique) projections should be performed.

AP (ipsilateral oblique) projection is used to advance the needle and, once the posterior
vertebral body has been reached, the needle should be advanced in the lateral projection
with continuous visualization.

A bioptic sample can be obtained, if necessary, using a bone biopsy needle through
the outer cannula [36].

Typically, the upper outer quadrant of the pedicle is targeted and the advancement of
the needle into the vertebral body is monitored using alternating anteroposterior oblique
and lateral fluoroscopy; the tip of the needle should be positioned sufficiently.

Close to the midline, at the junction of the anterior (ventral) and middle third of the
vertebral body, the tip of the needle should be positioned sufficiently close to the midline,
at the junction of the anterior (ventral) and middle third of the vertebral body [39]. Prior to
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definitive bone cement injection, final needle positioning should be confirmed in both the
lateral and frontal projections (Figure 1).
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CT image revealing the correct positioning of the needles; (D) post-procedural anteroposterior 

Figure 1. F: 70 yo, with spontaneous D12 and L1 vertebral compression fracture in osteoporotic
disease: (A) Percutaneous, fluoroscopy-guided, bipedicular approach showing access and curved
needle entry into D12 and L1 vertebral compression fractures; (B) sagittal and (C) axial cone-beam
CT image revealing the correct positioning of the needles; (D) post-procedural anteroposterior
fluoroscopic view and (E) coronal cone-beam CT images after vertebroplasty showing uniform
cement distribution; (F) sagittal MRI STIR images after one month demonstrating a reduction of
marrow edema into the vertebral body.

Continuous lateral fluoroscopic guidance is used to monitor cement injection in order
to detect any epidural leakage; while intermittent AP projections are used to evaluate
cement distribution and depict any lateral leaks. During the injection, to allow the ce-
ment to homogenously distribute into the whole vertebral body, the needle is slowly
pulled backward.
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Specially designed bone cements exist and can be safely used for vertebral fractures.
The viscosity, radiopacity, and polymerization time differ between the existing cements.
The best cement is one that the user is familiar with, that is sufficiently radiopaque, and
that allows enough working time.

Polymethyl methacrylate (PMMA) is the most common bone cement utilized for the
treatment of osteoporotic and malignancy-related vertebral body fractures [36].

PMMA polymerizes and transitions from a liquid to a solid form via an exothermic
reaction. The final state of the PMMA does not resorb over time and has an impressive
capacity to sustain compressive forces. Other less commonly used bone cements include
calcium phosphate cement, calcium sulfate cement, hydroxyapatite cement, and mag-
nesium phosphate cement. In the United States, another type of cement is used, i.e., a
bioactive calcium phosphate micro-glass cement (Cortoss; Stryker, Malvern, PA, USA).
Cortoss is a non-resorbable composite; it consists of 33% difunctional methacrylates that
form a cross-linked three-dimensional polymer reinforced with 67% of bioactive glass
ceramic [42,43].

The risk of cement leakage is higher at the beginning of cement injection. If a leakage
outside the vertebral body is observed, the injection should be temporarily stopped and
the needle position and/or the bevel direction should be modified. Opacification of
paravertebral or epidural veins need to be avoided.

Cement injection is considered to be completed when the anterior two-thirds of the
vertebral body are filled and the cement is homogenously distributed. The volume of the
cement injected depends on its consistency and the size of the vertebrae. The cannulas
may be removed after an adequate amount of cement is injected (15–25% of the non-
compressed vertebral body volume) and the cement has sufficiently hardened. Regardless
of the viscosity of the bone cement, an injection volume >4 mL can provide patients with
good improvement in clinical indicators and a low vertebral body re-collapse rate. The
recommended volume of low-viscosity bone cement is 4–6 mL, while the optimal volume
of high-viscosity bone cement is 6–8 mL [43,44].

It is important to remove the needle under fluoroscopy guidance to ensure no ex-
traosseous cement deposition. If available, a CT scan or a cone-beam CT should be per-
formed at the end of the procedure to further evaluate cement distribution and to detect
leakage [7].

After the procedure, the patient should be in a prone position for about 2 h under
adequate surveillance. A post-procedural neurological exam should be performed and
compared with the patient preprocedural exam. [36]

3.4. Complications

The complication rates after VP are low, in particular, data published in the literature
report complication rates of 2.2–3.9% related to osteoporotic fractures [45,46] and 11.5% in
malignant fractures [47]. Moreover, the complications of VP are usually minor and and
rarely require intervention.

Cement leakage from the vertebral body into adjacent structures represents one of
the most common findings, with a rate of 30 to 80% [48]. A CT scan or cone-beam CT is
superior to fluoroscopy for the detection of cement extravasation [49]. This event is usually
asymptomatic, however, PMMA leakage into the epidural space can cause nerve root
or spinal cord compression, with subsequential deficits and neurological symptoms [36].
Hence, radiculopathy can result from the contact of cement with an emerging nerve root.
To mitigate this complication, an immediate infiltration with cool saline and steroids
into the nerve foramina, could be performed, in order to reduce local inflammation and
subsequent pain. In addition, cord compression is a serious complication that could
require neurosurgical decompression [7]. Pain from exothermic heat or actual mass effect
may result from extravasation into a disc or paravertebral tissues (Figure 2). In cases
of severe osteoporosis, collapse of vertebral bodies can cause important adjacent disc
leakage [7]. Cement leakage can also spread into the epidural and vertebral veins (Figure 3),
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thus, resulting in pulmonary emboli, which can be symptomatic or asymptomatic with
an incidence ranging from 3.5 to 23% [50]. Usually, the embolus is lodged peripherally,
hence, it is asymptomatic [51] and requires no treatment; rarely, a central pulmonary
embolism could happen, leading to lung infarction [52,53]. Currently, there is no consensus
on the management of cement pulmonary embolism, however, anticoagulation therapy
for six months is recommended for an asymptomatic central or symptomatic peripheral
embolism [7].
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Figure 2. M: 80 yo with severe osteoporosis and an L2 vertebra fracture: (A) Sagittal and (B) axial
cone-beam CT images and (C) coronal 3D-reconstruction image revealing the correct positioning
of needles during percutaneous bipedicular vertebroplasty of the fractured L2 vertebra; (D) post-
procedural axial CT images after vertebroplasty depicting cement filling of the L2 vertebral body;
(E) lateral fluoroscopic view and (F) sagittal cone-beam CT image after vertebroplasty demonstrating
a small and asymptomatic disk leak through the inferior endplate of L2.

Other serious complications include infections and bleedings, however, their incidence
is approximatively 1%. In particular, although vertebral infection is the rarest complication,
it is associated with massive morbidity when it occurs since causal therapy involves a
corpectomy of the cemented vertebral body. Moreover, fracture of ribs, posterior elements,
or pedicle can occur in fewer than 1% of cases [7].

As already mentioned, VP can be associated with increased risk of collapse of the
vertebral body immediately next to the treated level. However, data in the literature are
contradictory, in fact, while some studies suggest that fractured vertebra augmentation
can cause an increase in stress level and determine new adjacent vertebral fractures, others
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have not shown this correlation [54,55]. The VERTOS II open-label, randomized controlled
clinical trial reported that there was no increment in the incidence of an adjacent vertebral
body fracture after a VP as compared with conservative treatment [56].

Rare allergic reactions and transient hypotension related to the PMMA monomer have
been described in the literature [36]. The risk of these complications could be minimized by
correct positioning of the needle tip, limiting the number of treated levels to not more than
five and using a high viscous cement, gradual injection of cement, and/or new strategies
such as vertebral body lavage [31,53,57].
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Figure 3. F: 75 yo with osteoporosis and spontaneous fracture of the vertebral soma of D12:
(A) Lateral fluoroscopic view, (B) sagittal, and (C) axial cone-beam CT image, and (D) coronal
3D reconstruction image, demonstrating correct access and positioning of needles to treat a D12
vertebra fracture with percutaneous bipeduncolar vertebroplasty; (E) post-procedural coronal cone-
beam CT images after vertebroplasty depicting adequate filling of cement (PMMA) in the vertebral
body; (F) lateral fluoroscopic view and (G) sagittal 3D recostruction cone-beam CT image after
vertebroplasty, revealing a minimal paravertebral vein opacification anterior to the vertebral body,
resulting in a clinically insignificant confined leak; (H) sagittal MRI STIR images after one month
reporting a reduction of marrow edema in the vertebral body, in the absence of clinical complications.

4. Discussion

Numerous studies have already demonstrated the safety and efficiency of VP proce-
dures in the therapeutic management of osteoporotic and malignant VCFs that have failed
to adequately respond to medical treatments [57–63].

An important reduction in pain following VP has been described in the literature
in a substantial percentage of patients, in particular, in more than 90% of osteoporotic
VCFs, 70% of malignant VCFs, and 80% of painful hemangiomas. A reduction in pain after
VP, and therefore, less dependence on pain medications leads to an increase in physical
mobility and independence, thus, resulting in a general improvement in the quality of
life [64].

Recently, two randomized controlled trials were published in which patients were
randomized to VP or a sham procedure [65,66]. These studies, with pain reduction as the
primary outcome, have questioned the benefit of VP as compared with sham procedures
and have received much criticism. Specifically, the main criticisms are the large discrepancy
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in the number of patients screened versus those who were ultimately enrolled, the need
for a longer follow-up, and the fact that screening MRIs and bone scans were not required
in one of the studies. Furthermore, persistence of pain after vertebroplasty may indicate
etiologies for the pain other than fracture, and the use of cement helps to increase the
structural stability of the treated vertebra in addition to a reduction in pain.

Adding support to the efficacy of VP and in contrast to the aforementioned two
studies, one of the most recently published, multicenter, randomized, double-blind trials
(VAPOUR) demonstrated that VP was strongly superior to placebo intervention for pain
relief in patients with acute osteoporotic fractures for 6 weeks (between-group difference
23 percentage points, 95% CI 6–39, p = 0.011), with the highest benefit in the thoraco-lumbar
spinal segment [67]. The VERTOS II trial, comparing VP with conservative treatments
for acute VCF (less than 6 weeks of symptoms) showed an important improvement in
pain regarding the VP group (the difference between groups in reduction of mean VAS
score from baseline was 2.6 (95% CI 1.74–3.37, p < 0.0001) at 1 month and 2.0 (1.13–2.80,
p < 0.0001) at 1 year) [26].

VP represents a minimally invasive percutaneous procedure that usually only requires
a few days of hospitalization, thus, contributing to significantly reduced costs of VP in
EU-member countries, in particular, in Italy as compared with other countries and in the
USA [68,69].

Even in the case of malignant spinal disease, VP has been shown to result in reduced
pain and improved disability [49,70]. In these cases, the use of a combined treatment with
VP and thermal ablation (Figure 4), radiofrequency ablation, or cryoablation, is currently
proposed and performed in several centers [71]. In fact, it is believed that this dual approach,
using both cement and thermal ablation, can provide more lasting clinical results through
wider ablation of the underlying tumor [39].
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5. Conclusions

Percutaneous VP is a widely accepted interventional radiology technique that can be
considered to be a safe and effective treatment, as well as cost-effective, in the therapeutic
management of osteoporotic and malignant VFs that are resistant to non-invasive therapies.
Appropriate patient selection, preprocedural evaluation, and proper technique execution
are the key points to obtain best outcomes and to minimize complications.
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