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Vertebral compression fractures (VCFs) can occur as a result of 
osteoporosis, malignant primary bone tumors, osteolytic metastases,
and some benign bone tumors such as vertebral hemangiomas. 
Percutaneous vertebroplasty (PV) has emerged as an effective tech-
nique for treatment of painful VCFs. At present, the safety and effec-
tiveness of PV in treating asymptomatic but abnormal vertebral 
bodies remains unproven and controversial (1). When considering
whether a patient is an appropriate candidate for PV, it is important to
distinguish the pain caused by VCFs from numerous other causes of
back pain. Careful adherence to clinical and imaging selection criteria
is crucial to procedural success; when patients are properly selected,
PV may provide substantial pain relief and/or improved mobility in
75% to 92.4% of patients with osteoporotic fractures (1–9) and in 50%
to 86% of patients with pathologic VCFs secondary to neoplasm
(1,3,5,10–15).

Disease Processes Causing 
Vertebral Compression Fractures

Osteoporosis

The most common cause of VCF is osteoporosis, which may be related
to aging (primary osteoporosis) or result from chronic steroid use or
androgen deprivation therapy (secondary osteoporosis). It is estimated
that 10 million Americans over age 50 years have osteoporosis, 
with another 34 million at risk on the basis of low bone mass (16). 
Direct care costs for osteoporotic fractures range from $12.2 to $17.9
billion each year (17). More than 700,000 symptomatic VCFs come 
to medical attention in the United States each year. These result in
150,000 hospital admissions and 161,000 physician office visits (18).
More than 4% of patients with osteoporotic spine fractures due to
minimal trauma become functionally dependent, and 1.9% require
nursing home placement (19,20). With aging of the population, the
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burden of osteoporosis on the health care system is expected to increase
substantially.

Primary osteoporosis is characterized by diminished bone mass
involving both cortical and trabecular bone, with increased suscepti-
bility to microfracture and thus gross insufficiency fracture. The 
axial skeleton, femoral neck, and wrist are most commonly affected.
The majority of VCFs due to primary osteoporosis occur in post-
menopausal women (21,22). The radiographic prevalence of thoracic 
or lumbar vertebral compression deformity has been reported to be 
as high as 26% in women over age 50 years when defined as a loss 
of more than 15% of vertebral body height (22). The frequency of 
vertebral compression deformity, which may or may not be sympto-
matic, increases with age in postmenopausal women, from 500 per
100,000 person-years in women 50–54 years of age to 2,960 per 100,000
person-years in women older than 85 (22). The age-adjusted prevalence
of osteoporosis in Hispanic and Asian women is similar to that 
found in Caucasian women, while that of African-American women is
lower (23); nevertheless, the rate of bone loss in all ethnic groups
increases with age. The incidence of primary osteoporosis in elderly
men is also significant: Cooper et al. (24) found an age-adjusted 
incidence of VCFs in men of 81 per 100,000 person-years, slightly 
more than half that of women (153 per 100,000) in the same study 
population.

About 20% of women and more than 50% of men with osteo-
porosis have a secondary cause of bone loss (25–27). One of the 
most frequent causes is long-term corticosteroid use, which decreases
bone formation and accelerates bone resorption by osteoclasts 
(28). Patient populations at risk for steroid-induced insufficiency 
fracture include patients with asthma or chronic obstructive pul-
monary disease (COPD), rheumatoid arthritis, malignancies such as
lymphoma and multiple myeloma, transplant patients (26), and
patients with inflammatory bowel disease (29,30). Osteoporosis is also
an important side effect of androgen deprivation therapy for prostate
cancer (31).

Vertebral compression fractures, which are the most frequently
occurring type of osteoporosis-related fracture, are associated with sig-
nificant morbidity and mortality. They have been associated with 
difficulty in performing activities of daily living and impaired 
psychosocial performance; patients may curtail their activity level due
to fear of additional fractures and become unable to care for themselves
(20,32–38). Furthermore, there is increased mortality in patients who
have had osteoporotic VCFs compared with age-matched controls,
with mortality increasing with both the number of fractures (39) and
the duration of follow-up (40). The kyphotic deformities caused by
VCFs are associated with pulmonary dysfunction, including signifi-
cantly decreased vital capacity and forced expiratory volume (32), con-
stipation, and alterations in balance.

Although osteoporosis is a systemic disease, most osteoporotic VCFs
are located at or near the thoracolumbar junction (Figure 5.1). Most
occur “spontaneously” (46%) or after only minimal trauma (36%).
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Because a history of clear antecedent trauma is often lacking, a correct
diagnosis is made in only 43% of first visits to a health care provider
(41). Patients typically present with acute pain and tenderness over the
spine at or near the level of radiographic compression deformity.
Radiculopathy is rare but has been reported (42); severe neurologic
deficit or spinal cord compression is even more unusual but does occur
(43).

Magnetic resonance imaging (MRI) is extremely useful in the evalu-
ation of osteoporotic VCFs, especially when fractures of different ages
are present. Magnetic resonance imaging demonstrates characteristic
changes in marrow signal that vary with the age of the fracture (44–46).
Acute and subacute fractures less than 30 days old typically demon-
strate signal changes consistent with bone marrow edema: the marrow
is hypointense in signal on T1-weighted images and hyperintense on
T2-weighted and short tau inversion recovery (STIR) sequences (Figure
5.2). About 1 month following fracture, the majority of osteoporotic
VCFs become isointense to normal bone marrow on T1- and T2-

Figure 5.1. Lateral radiograph of the lumbar spine showing adjacent osteo-
porotic thoracolumbar VCFs that occurred when this patient lifted a bag of gro-
ceries. (From J.M. Mathis, H. Deramond, and S.M. Belkoff [eds], Percutaneous
Vertebroplasty. New York: Springer, 2002, with permission.)
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weighted sequences (Figure 5.2). Fully healed compression fractures
may demonstrate a return of normal marrow signal (Figure 5.3) or may
appear hypointense on both T1- and T2-weighted sequences when
there is significant sclerosis. Cuenod et al. (47) described a band of T2-
hyperintense signal subjacent to the fractured endplate in 48% of acute
osteoporotic VCFs (Figure 5.3). Additionally, subacute blood products
may be found beneath the endplates of the affected vertebra. Acute and
subacute fractures may become isointense to normal vertebrae follow-
ing administration of gadolinium contrast.

The finding of bone marrow edema on MRI is extremely helpful in
predicting which patients are most likely to respond favorably to treat-
ment. In a retrospective review of a large series of patients treated with
PV for osteoporotic VCFs, Alvarez et al. (9) demonstrated marked 
to complete pain relief in 68.4% and moderate pain relief in 27.6% 
of patients demonstrating typical T1-hypointense, T2-hyperintense
changes on MRI. They found no significant pain relief in 78.6% of
patients in whom these findings were absent. When MRI signal
changes suggestive of healing with sclerosis are seen, a confirmatory
computed tomography (CT) scan should be obtained; in such cases
needle placement and injection of polymethylmethacrylate (PMMA)
cement may be impossible or may yield suboptimal clinical and radi-
ographic results (Figure 5.4).

In some cases of benign osteoporotic VCF there may be retropulsion
of bone into the spinal canal; this usually occurs at the level of the supe-
rior endplate but may also occur along the inferior endplate (47)
(Figures 5.2 and 5.3). In Kummell’s disease, thought to be a result of
avascular necrosis, a fluid collection forms along the superior endplate
following osteoporotic VCF (48–50) (Figure 5.5). Magnetic resonance
imaging of patients with Kummell’s disease demonstrates a fluid 
collection that borders the superior endplate and that is hypointense
on T1-weighted images and markedly hyperintense on T2-weighted
sequences. Adjacent inflammatory changes in the vertebral body that
would be expected in osteomyelitis are absent (44).

Plain radiographs, often the first study obtained when an osteo-
porotic VCF is suspected, will demonstrate diffuse osteopenia and may
reveal more than one vertebral compression deformity. This makes
exact localization of symptomatic levels by plain films alone unreliable,
except perhaps when sequential films have been obtained (Figure 5.2).
Thin-section (3mm or less) CT with sagittal reconstructions is the best
modality for determining whether a fracture line extends through the
endplates or posterior wall of the vertebral body (Figure 5.2). These are
important findings when PV is considered, as it may increase the risk
of cement extrusion into the disc or spinal canal.

Bone scintigraphy may also aid in differentiating acute from chronic
fractures and should be considered for patients unable to undergo MRI.
A study by Maynard et al. (51) suggested that increased tracer uptake
at the level of a vertebral compression fracture is highly predictive of
a positive clinical response following PV; these authors achieved sub-
jective pain relief in 26 out of 28 (93%) patients in their series. Of 44
patients with positive bone scan findings in the series of Alvarez et al.
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Figure 5.2. This 70-year-old woman with primary osteoporosis presented with
severe focal back pain and urinary retention. (A) Lateral spine radiograph
demonstrates a mild compression deformity at L2. (B) CT sagittal reconstruc-
tion shows a compression fracture at L2 with fracture lines extending through
the posterior wall and inferior endplate. (C) Sagittal T1-weighted and (D) STIR
MR images show edema signal in the L2 vertebral body, consistent with acute
fracture. Note retropulsion of the superior endplate of L2. Remaining vertebral
bodies show normal signal on MRI.
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Figure 5.2. Continued Three months later, (E) lateral spine radiograph, (F) CT
sagittal reconstruction, (G) sagittal T1-weighted MR image, and (H) STIR sagit-
tal image show progression of the L1 vertebral body fracture to vertebra plana.
Note persistent edema signal in L1 and worsening local kyphotic deformity.
T1-weighted and STIR sagittal MR images demonstrate new edema signal and
within L3, representing a new compression fracture.
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Figure 5.3. This patient
with osteoporosis and
multiple lower thoracic
and lumbar vertebral 
compression deformities
complained of focal pain
and tenderness. (A) Lateral
spine radiograph. (B)
Sagittal T1-weighted MR
image showing acute 
and chronic osteoporotic
compression fractures. 
The acutely compressed 
L2 vertebra showed
hypointense marrow
signal. Other compressed
vertebrae showed normal
marrow signal, indicating
old, healed fractures. (C)
T2-weighted MR image
showing heterogeneously
increased signal in the L2
vertebral body, represent-
ing fracture edema. (D)
Sagittal STIR MR image
showing prominent hyper-
intense signal in L2 with
characteristic location to
the upper portion of the
vertebral body. On exami-
nation under fluoroscopy,
L2 was the most painful
level. (From J.M. Mathis,
H. Deramond, and S.M.
Belkoff [eds], Percuta-
neous Vertebroplasty. New
York: Springer, 2002, with
permission.)
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Figure 5.4. This 68-year-old man had long-standing thoracolumbar compression fracture and back
pain. Sagittal T1-weighted (A) and T2-weighted (B) images show hypointense signal in the fractured
T12 vertebral body, indicating sclerosis rather than edema. (C) Lateral radiograph shows increased
density of T12 compared with neighboring vertebral bodies. Placement of needles for cement injection
was very difficult because of increased bone density. (D) Lateral view after PV shows relatively little
intraosseous deposition of cement and minor extrusion into the disc space. (From J.M. Mathis, H. 
Deramond, and S.M. Belkoff [eds], Percutaneous Vertebroplasty. New York: Springer, 2002, with 
permission.)
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Figure 5.5. Kummell’s disease (avascular necrosis of the superior endplate). This 95-year-old woman
had a painful L1 compression fracture. (A) T1-weighted MR image showing markedly diminished
signal along upper vertebral endplate. (B) Postcontrast T1-weighted MR image showing no enhance-
ment within the abnormal region of the vertebra. (C) T2-weighted MR image showing compression
fracture of L1 with fluid along the superior endplate and subjacent sclerotic bone. (D) Lateral image
after PV showing deposition of cement in the region of avascular necrosis and fluid accumulation. The
patient reported substantial pain relief. (From J.M. Mathis, H. Deramond, and S.M. Belkoff [eds], Per-
cutaneous Vertebroplasty. New York: Springer, 2002, with permission.)
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(9), 28 described marked to complete pain relief, while 16 reported
partial pain relief. Of note, the majority of patients in this series also
had abnormal findings on MRI. Although this study did not explicitly
compare the predictive value of MRI and scintigraphy, of the four
patients with increased uptake on bone scan but normal bone marrow
signal on MRI, only one patient was considered a treatment success.
This is consistent with the finding that a bone scan may show elevated
tracer uptake for up to 12 months following fracture; bone scintigra-
phy should be interpreted with this fact in mind (Figure 5.6).

Malignant Compression Fractures

Common causes of malignant VCFs include osteolytic metastases 
and multiple myeloma. As with osteoporotic compression fractures,
patients usually present with acute pain and tenderness over the spine
at or very near the level of radiographic deformity. An antecedent
history of malignancy is often known at the time of presentation, and
these lesions tend to have certain imaging features that distinguish
them from benign VCFs.

Figure 5.6. Tc-99m–labeled MDP radionuclide bone scan image, posterior
view, showing increased uptake at the levels of acute T10 and T12 osteoporotic
VCFs. (From J.M. Mathis, H. Deramond, and S.M. Belkoff [eds], Percutaneous
Vertebroplasty. New York: Springer, 2002, with permission.)
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Figure 5.7. Malignant compression fracture. (A) Sagittal T1-weighted image and (B) thin-section axial
CT image demonstrate diffuse tumor infiltration of T11 with destruction of the posterior wall of the
vertebral body.

A

B

Plain film and CT imaging of malignant bone lesions often reveals
focal lytic lesions within the affected vertebral body, with destruction
or focal rarefaction of bony trabeculae. Expansion of the contours of
the bone and the presence of additional lesions at other levels favor a
malignant etiology. If a potentially malignant lesion is located in the
posterior aspect of the vertebral body, thin-section (1-mm) CT images
are usually helpful in evaluating the integrity of the posterior wall of
the vertebral body and pedicles prior to performing vertebroplasty
(Figure 5.7). Posterior wall involvement or pedicle destruction is not
an absolute contraindication to PV; in one early series by Deramond 
et al. (5), partial or complete destruction of the posterior vertebral body
wall was present in over 50% of patients with malignant lesions treated
with PV, and successful treatment of lytic lesions involving the pedi-
cles has been reported (52,53). Where tumor mass has destroyed the
usual bony landmarks of the posterior vertebral body wall or pedicles,
intrathecal injection of myelographic contrast prior to performing ver-
tebroplasty may help in visualizing any tumor displacement into the
spinal canal as cement is injected (54).

Bone scintigraphy may demonstrate increased uptake, but may be
normal or equivocal, particularly in multiple myeloma. Foci of
increased uptake within the spine on F-18 fluorodeoxyglucose (FDG)
positron emission tomography (PET) is highly suggestive of spinal
metastatic disease, even when lesions are single (55).
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Magnetic resonance imaging findings suggestive of malignant 
compression fracture include heterogeneous marrow signal or bright
enhancement (Figure 5.8). Short tau inversion recovery sequences with
fat suppression are particularly helpful in identifying edema within
malignant VCFs; heterogeneous or diffuse vertebral hyperintensity on
STIR and T2-weighted sequences is typical of malignant disease (46).
While some authors have reported that malignant compression frac-
tures demonstrate hypointense or isointense signal compared with
adjacent vertebrae on diffusion-weighted MR sequences (56–58), other
authors have disputed this finding (59). Other findings that favor the
diagnosis of malignant VCF include abnormal signal in the posterior
elements, expansion of the contour of the vertebral body or posterior
elements, and an associated epidural or extravertebral soft tissue mass
(46,47). In some patients, however, imaging findings remain equivocal,
particularly in patients with hematopoietic malignancies, who often
demonstrate a diffuse pattern of bone marrow infiltration (60). In
patients with multiple myeloma, distinguishing VCFs due to tumor
infiltration versus those caused by steroid treatment (secondary osteo-
porosis) can be difficult. While the distribution of lesions in myeloma
is often similar to that seen in benign osteoporotic fracture, upper tho-
racic involvement has been suggested to favor the diagnosis of
myeloma (61). In cases where the etiology of a compression fracture is
in question, biopsy can easily be performed coaxially through the ver-
tebroplasty needle prior to injection of cement.

Symptomatic spinal cord compression at the level of a VCF is a clear
contraindication to PV; even a small amount of cement extravasation
or displacement of tumor into the spinal canal as cement is injected
could worsen symptoms or could make decompressive surgery tech-
nically more difficult. Percutaneous vertebroplasty may be considered
after the stenotic canal has been decompressed. Radiculopathy without
cord compression is not a contraindication to PV; in these patients,
however, tumor infiltration of the pedicle may make needle placement
more difficult or could increase the risk of cement extravasation as the
needle is withdrawn.

Vertebral Hemangiomas

Vertebral hemangiomas (VHs) are common benign vascular lesions of
the spine found in 5%–11% of patients at autopsy. Approximately two-
thirds are solitary and about one-third are multiple (62); the majority
(about 60%) are found in the thoracic region (63,64). Most VHs are
asymptomatic and only come to attention when discovered inciden-
tally during a radiologic examination. Rarely, VHs become painful
either with or without an associated compression fracture. Some
exhibit aggressive characteristics such as expansion of the contours of
the vertebral body and extension of tumor outside the vertebrae and
into the epidural space. Either of these features may produce nerve root
impingement or spinal cord compression (64–66). Cement injection in
these cases may be performed for pain relief, strengthening of the bone,
and devascularization of the hemangioma (67–69).
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Figure 5.8. This 51-year-old man had metastatic adenocarcinoma. (A) Sagittal T1-weighted MR image
showing multiple hypointense foci of marrow replacement within lower thoracic vertebrae. (B) T1-
weighted MR image showing foci of marrow replacement within multiple pedicles. (C) T2-weighted
MR image showing intermediate but heterogeneous signal throughout the vertebral bodies. (D) Sagit-
tal STIR MR image showing increased signal intensity within metastatic foci. The more homogeneous
high signal represented edema from a partial pathologic compression fracture of a midthoracic verte-
bra. (From J.M. Mathis, H. Deramond, and S.M. Belkoff [eds], Percutaneous Vertebroplasty. New York:
Springer, 2002, with permission.)
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Plain films of VHs reveal a coarse, thickened, vertically striated tra-
becular pattern within the vertebral body, sometimes with bulging of
the posterior cortical margin. Extension of tumor into the pedicles may
occur. Thin-section (1-mm) CT imaging is useful in evaluating for
involvement of the pedicles (which may modify needle trajectory), in
determining the integrity of the posterior wall of the vertebral body,
and in identifying encroachment upon the spinal canal (70,71) (Figure
5.9).

Magnetic resonance imaging of VHs typically demonstrates a cir-
cumscribed, mottled lesion that is predominantly hyperintense to
normal bone marrow on both T1- and T2-weighted sequences (72,73).
Histologically, hyperintense signal within the lesion corresponds to fat
tissue and not to a hemorrhagic component, while more hypointense
striations correspond to thickened bony trabeculae. Aggressive heman-
giomas, however, may appear hypointense on T1- and T2-weighted MR
sequences when vascular channels predominate (74); these will also
tend to enhance more densely than normal bone marrow (Figure 5.9).

Injection of PMMA cement or the acrylic cement n-butyl cyanoacry-
late into VHs has been performed for analgesia and reduction of intra-
operative blood loss (75–77). In particular, preoperative injection of
PMMA into VHs has been found to reduce the risk of massive hemor-
rhage associated with decompressive laminectomy and resection of
VHs bulging into the epidural space (75–77). Percutaneous vertebro-
plasty can be performed safely in this setting (77), as long as frank
spinal cord compression is not present.

Patient Selection

Appropriate patient selection is essential to achieving clinical success
with PV. Because more than 80% of the population will suffer from back
pain at some point in life (78–80), practitioners of PV commonly receive
inquiries regarding patients with other etiologies of back pain such 
as degenerative disc disease, spinal stenosis, facet arthropathy, and
sacroiliac joint dysfunction. Physicians practicing PV need an efficient
screening mechanism to avoid being overwhelmed by requests to see
patients for whom treatment is not indicated.

Indications

The primary indication for PV is alleviation of pain associated with
VCFs caused by osteoporosis, hemangioma, or tumor invasion. Best
clinical success is generally achieved in patients with pain and tender-
ness on palpation that is localized to the level of radiographic com-
pression deformity or vertebral marrow infiltration.

The timing of treatment has liberalized as clinical experience with
PV has broadened. In early published and unpublished treatment
series, most patients had been allowed to fail conventional medical
therapy (analgesics, bracing, and bed rest) for at least several months
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Figure 5.9. Vertebral hemangioma. This patient had focal back pain and tenderness. (A) Lateral radi-
ograph showing coarse vertical trabecular striations characteristic of VH. (B) Axial CT through L2 con-
firmed trabecular thickening typical of VH. Expansion of posterior cortex resulted in narrowing of the
spinal canal. (C) Sagittal T1-weighted MR image showing deformity and hypointense signal within L2.
(D) Postcontrast T1-weighted image showing enhancement of L2 VH. Again, note expansion of poste-
rior cortical margin. (From J.M. Mathis, H. Deramond, and S.M. Belkoff [eds], Percutaneous Vertebro-
plasty. New York: Springer, 2002, with permission.)
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prior to vertebroplasty (4,8). More recent series have advocated treat-
ment as early as a few weeks (2) or even within days of the occurrence
of a painful VCF if pain is so severe as to require parenteral narcotics
and hospitalization. Late treatment (after 6 months) is less likely to be
successful in completely relieving pain; however, investigators have
reported symptomatic improvement with PV performed even years
after the initial injury (9,81).

At present, there is no definable role for prophylactic treatment of
osteoporotic vertebrae thought to be at high risk for collapse (1).
Current data suggest that even patients with severe kyphosis and pul-
monary compromise due to prior osteoporotic compression fractures
are unlikely to benefit significantly from the procedure in the absence
of local pain and tenderness. Although some have advocated a role for
prophylactic PV in patients with sentinel pain or signal changes on 
MRI suggestive of microfracture, these indications are neither widely
accepted nor approved as an indication, and no studies have been
undertaken to substantiate the utility of performing vertebroplasty for
prophylaxis. This indication may change in the future as additional
research is performed.

Treatment of painful tumor infiltration without fracture seems more
reasonable; however, the increased risk of cement leakage, particularly
where cortical breakthrough of tumor is present, should be considered.
At this time, there is likely insufficient data to evaluate the efficacy of
vertebroplasty for this particular indication. For patients with malig-
nant infiltration, it is not clear whether PV should be performed prior
to radiation therapy or reserved for patients who have already received
maximal doses of therapeutic radiation. In our experience, vertebro-
plasty does not adversely impact upon the effects of radiation given
subsequent to PMMA injection, and irradiation has not been shown to
alter the integrity of cured PMMA (82). Percutaneous vertebroplasty
likely dislodges some marrow elements into the bloodstream as PMMA
is injected (83). This has raised a concern that PV may promote the 
dissemination of metastases. While only theoretical, these concerns
suggest that vertebroplasty should probably be performed after rather
than before an effective dose of radiation therapy.

Younger patients with normal bone mineral density and traumatic
VCFs are generally not considered candidates for PV, as it is expected
they will heal well without intervention. However, PV has been per-
formed successfully in some patients with burst fracture and disabling
back pain refractory to bracing and analgesics; for these patients, suc-
cessful pain relief was obtained by injection of cement into the clefts of
the burst fracture (84). Percutaneous vertebroplasty should certainly be
considered for young patients with irreversible underlying metabolic
abnormality, such as those with secondary osteoporosis receiving
steroid treatment for inflammatory bowel disease, asthma, or COPD
and those who have received a transplant. Multiple vertebral fractures
have been successfully and appropriately treated in a 36-year-old
woman with systemic lupus erythematosus, eliminating debilitating
pain and the need for narcotic analgesics (85). Percutaneous vertebro-
plasty also resulted in rapid relief of pain for a 25-year-old man with
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collapse of L2 due to previously radiated Langerhans cell histiocytosis
(86).

Kyphoplasty, a modification of the standard vertebroplasty proce-
dure, utilizes a balloon bone tamp to attempt to elevate the fractured
endplates and restore vertebral body height, thus reducing kyphotic
deformity. Height restoration has been demonstrated ex vivo (87), but
was often incomplete under conditions simulating physiologic axial
loads (88). Recent reports (88–91) describe success in partially restor-
ing vertebral body height in clinical use in both benign and malignant
compression fractures. Average height restoration with kyphoplasty
has been reported as approximately 3mm, with a trend (at least anec-
dotally) toward better height restoration in patients with more recent
fractures (90,92). At least 8 mm of residual vertebral height is required
for introduction of the required cannulas, which may limit treatment
of vertebra plana and other severe compression fractures by this tech-
nique. Remarkable height restoration, up to 106% of expected normal
vertebral height, has also been observed in many patients undergoing
PV alone for dynamically mobile fractures (93,94).

Contraindications

The role of this PV in stabilizing VCFs in the absence of local pain and
tenderness, that is, asymptomatic VCFs, and in prophylactic treatment
of patients with osteoporotic vertebrae thought to be at high risk for
collapse remains unproven.

Active infection is a contraindication to PV; osteomyelitis, discitis,
and epidural abscess are absolute contraindications. Emergent perfor-
mance of PV is rarely, if ever, required, and treatment of patients with
fever or sepsis should be postponed until they are afebrile and leuko-
cytosis has resolved. It is also necessary to correct any significant coag-
ulopathy prior to placement of a large-bore bone needle in the vicinity
of the spinal canal.

Fractures with greater than 70% loss of vertebral height are techni-
cally difficult to treat: the operator may find it challenging or impossi-
ble to achieve a satisfactory needle placement within the remaining
vertebral body. However, even in severe collapse, vertebral body height
is typically better preserved along the lateral aspects of the vertebral
body than centrally. Preprocedure evaluation with CT scanning includ-
ing sagittal and coronal reconstructions may help in selecting a region
of the vertebra with adequate residual height to permit treatment by
PV. Successful treatment of a small series of patients with greater than
65% to 70% loss of vertebral body height in low thoracic or lumbar ver-
tebrae has been reported (95); the operators used a bilateral transpedic-
ular approach and positioned bone needles in the lateral aspects of the
vertebral bodies. Another report described successful PV in a series of
37 patients with 48 severe osteoporotic compression fractures, also with
less than one-third of original vertebral body height remaining (96).
Complete pain relief was obtained in 47% of patients, while partial pain
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relief was obtained in 50%. In these series there was a significant 
incidence of cement leakage into the adjacent disc (35%) or paraver-
tebral soft tissues (8%), but these were asymptomatic. Despite these
encouraging results, treating a true vertebra plana may be technically
impossible.

Percutaneous vertebroplasty above the level of T5 or T6 is technically
difficult: pedicles are typically small, and the orientation of the pedi-
cles may be unfavorable for transpedicular needle placement. Vertebral
access can often be obtained using smaller needles (typically 13 gauge
or 16 gauge) or a parapedicular trajectory. Computed tomography, or
combined fluoroscopic and CT guidance, may be used to plan a rea-
sonably safe approach to these lesions. If appropriate precautions 
are taken, the risk of complications such as pedicle fracture, cement
extravasation, or pneumothorax can be minimized (97).

Cervical vertebral lesions such as hemangiomas (98,99) and metas-
tases may be treated by using smaller needles and a lateral or an an-
terolateral approach. An anterior trans-oral approach under general
anesthesia with biplane fluoroscopic guidance was recently reported in
the treatment of upper cervical pain due to myelomatous infiltration of
the C2 vertebra; the patient was discharged pain free at 24 hours 
after the procedure and continued to be pain free at 6 month follow up
(100).

At the present time, PV of traumatic compression fractures in young,
otherwise healthy patients is not recommended, as the long term effects
of vertebral PMMA injection are unknown. The majority of these
patients have normal capability to heal the fracture within 4 to 6 weeks;
in the interim, symptomatic relief can be obtained with oral analgesics,
bed rest, and bracing.

Radiculopathy is not a contraindication to PV; however, the proce-
dure may not improve these symptoms and may in some cases worsen
them (101). As previously noted, significant spinal canal stenosis at the
level of the compression fracture is at least a relative contraindication
to PV. In such cases, preprocedure CT scan supplemented by sagittal
and coronal reformatted images can aid in determining whether treat-
ment is possible or advisable. In the case of osteoporotic VCFs, CT will
usually reveal that the posterior vertebral body wall is intact. In some
cases, however, a fracture line may extend into the posterior vertebral
body wall (see Figure 5.2); this likely increases the risk for symptomatic
extravasation; however, this has never been studied in a formal fashion.
If the degree of retropulsion is so severe as to cause myelopathy, ver-
tebroplasty should not be performed without prior surgical decom-
pression (1).

In malignant compression fractures, the posterior wall of the 
vertebral body may be destroyed by tumor; it is generally accepted 
by most practitioners of vertebroplasty that this finding increases 
the risk of extravasation of cement or tumor displacement into the
ventral epidural space and neural foramina (4,5,102–104). However, as
long as tumor protrusion into the epidural space is not so severe as 
to produce cord compression or myelopathy, and appropriate needle
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placement can be obtained, PV can be performed safely in such patients
(103).

In treatment of osteoporotic compression fractures, the risk of com-
plication requiring surgical intervention ranges from 0% to 3% (2–5).
Of patients treated with PV for neoplasm (e.g., lytic metastases), mul-
tiple myeloma, or lymphoma, surgical intervention for complications
such as cord compression or unrelenting radiculopathy has been
required in 2.7% to 5.4% (11). Less significant complications that do not
require surgery have been reported in up to 10% of patients treated for
malignant etiologies (5). In one large series of 258 patients with various
etiologies of VCF (113 tumors, 78 hemangiomas, 67 osteoporotic col-
lapse), there was only a single case of spinal cord compression requir-
ing surgery (0.38%), and this occurred in a patient with tumor.
Radicular pain occurred in 13 patients (5%), but only 3 required surgery
(104). These results are encouraging and suggest the value of operator
experience.

Screening of the Physician-Referred Patient

An appropriate clinical history, physical examination, and relevant
imaging studies should be obtained as the first step in evaluation of
the vertebroplasty candidate. This information is sought in order to dif-
ferentiate the pain of compression fracture from other etiologies such
as disc herniation, spinal cord or nerve root compression, discogenic
back pain, facet arthropathy, or spinal stenosis. In our practice, all
patients who have no contraindication are studied with MRI obtained
just prior to treatment with PV.

Clinical history should include a discussion of the precipitating event
leading to compression fracture. Commonly, the patient will report
acute onset of pain following minimal trauma. Pain generally worsens
with weight bearing and is often at least partially relieved by recum-
bency. Physical examination should demonstrate pain and tenderness
corresponding closely to the level of radiographic fracture deformity.
If multiple levels of VCF are present, successful identification of the
target level(s) can often only be accomplished after thoughtful analy-
sis of physical examination combined with MRI.

It is important to determine whether the etiology of a VCF might be
due to underlying malignancy. Referring physicians’ office notes aid
considerably in deciding in advance whether a biopsy should be per-
formed prior to cement injection.

Screening of the Self-Referred Patient

Initial evaluation of the self-referred patient is often more difficult, as
this population tends to include not only patients for whom PV may
be indicated, but also patients with other causes of subacute and
chronic back pain. It is important to stress that disease processes such
as disc herniation, spinal stenosis, or facet and sacroiliac joint arthropa-
thy will not be helped by PV.
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Preprocedure Consultation

Once imaging and clinical findings have been reviewed, and it has been
determined that the patient may be an appropriate candidate for PV, 
a preprocedure consultation with the patient and interested family
members may be arranged. Meeting with the family members involved
in the patient’s care is particularly important for elderly or debilitated
patients. Alternatively, and especially in cases where patients must
travel a long distance for treatment, telephone consultation with the
patient and family prior to the day of the procedure is suggested to
screen for allergies, anticoagulant medications, sleep apnea, or medical
problems (e.g., COPD, congestive heart failure) that could lead to pro-
cedural difficulties. An MRI is performed prior to consultation, but 
on the same day. Often, PV is performed on the same day when 
appropriate.

It is helpful to begin by reviewing the history and clinical findings
with the patient. Important points to discuss include the time of onset
of symptoms, precipitating factors such as trauma, the premorbid
status of the patient, impact on activities of daily living, and analgesic
use. It is also helpful to know whether prior similar episodes of pain
have occurred and, if so, how they resolved. A brief clinical examina-
tion can help identify the approximate location of pain and tenderness
for correlation with imaging findings. This examination will also serve
as an opportunity to evaluate the patient’s overall condition and readi-
ness to undergo PV, identify potential difficulties in prone positioning
and unique sedation requirements, and allow discovery of contraindi-
cated medications such as coumadin.

Most patients and families will be somewhat familiar with PV
through the popular press or Internet searches. The consultation should
nevertheless include a brief discussion of how the procedure is per-
formed at your institution, as well as specific instructions about
whether current medications should be taken on the day of the proce-
dure, diet instructions, what to expect during the procedure, and infor-
mation on postprocedure care, transport back to home or to a health
care facility, and the expected course of recovery.

The preprocedure consultation is also a time to discuss potential
treatment complications. If the procedure is performed by a trained
operator with adequate fluoroscopic imaging and appropriate opacifi-
cation of cement, serious clinical complications should be extremely
rare. The most commonly encountered complication is localized pain
and tenderness at the needle sites in the first 72 hours following the
procedure, usually due to local bruising or hematoma. Minor bruising
will resolve with only mild analgesics such as ibuprofen or aceta-
minophen, and bruising can be minimized with 5 minutes of manual
compression over the dermatotomy incision following trocar removal.
Dermatomal pain can sometimes occur, more commonly when PV 
is being performed for treatment of a malignant lesion, but will 
also often resolve without specific treatment. Patients with significant
postoperative radicular pain may require a brief course of nonsteroidal
anti-inflammatory drugs, oral steroids, or local steroid injections at 
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the affected area (2,13). Serious potential complications include signif-
icant cement extravasation into epidural veins or into the spinal canal,
with subsequent spinal cord or nerve root compression, and possible
radiculopathy or paraplegia. Excessive cement extrusion into paraver-
tebral veins may cause symptomatic pulmonary embolism (105,106),
and a single case of paradoxical cerebral arterial embolism has been
reported (107). Puncture of the lung with resultant pneumothorax 
may occur during inaccurate needle placement for an intended thoracic
vertebroplasty. Infection complicating PV is rare, but has been reported
(104).

Adequate visualization of cement during injection is a crucial 
factor for safe performance of PV. Several newer methacrylate prepa-
rations are packaged with premeasured amounts of radio-opacifying
agents such as barium, tungsten, or tantalum to provide adequate vis-
ibility. Some operators, however, may still prefer to add radio-opacify-
ing agents to one of the commercially available bone cements. With
their addition, however, the cement injected is no longer the same
medical device approved by the Food and Drug Administration. The
operator should address this fact with the patient at the time of 
consultation.

Patient and Family Expectations

It is important to consider patient and family expectations during the
consultation. If the patient is a good candidate for PV and the fracture
is subacute, a good response can be expected; 80% to 90% of patients
typically report significant pain relief. If, however, the fracture has been
present for many months or years, the likelihood of substantial pain
relief will be diminished (9,44). If a patient has multiple symptomatic
VCFs, staging options should focus on treating the most painful com-
pression fractures first. A thorough discussion of staging strategy may
also prevent disappointment should the patient’s pain not be signifi-
cantly alleviated during the first treatment session.

No more than two, or perhaps three, levels should be treated at 
a single session in order to minimize the incidence of symptomatic
complications related to venous extravasation of cement (105,106) 
or fat (83). Fat embolization, in particular, has been implicated as a
cause of fatal pulmonary embolization in patients undergoing
cemented hip arthroplasty (108); it should be noted, however, that
much larger volumes of cement are utilized in hip arthroplasty than in
PV.

Another concern in treating multiple levels in a single session is the
potential cardiotoxic effect of free methylmethacrylate monomer. Injec-
tion of free monomer in concentrations similar to those for surgical
patients undergoing cemented hip arthroplasty has been shown to
produce hypotension, bradycardia, and depression of myocardial func-
tion in isolated perfused rabbit hearts (109) and in anesthetized dogs
(110). A few cases of transient arterial hypotension have been reported
in patients undergoing PV (111,112). A recent study of the cardiac
effects of cement injection, however, found no significant association
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between PMMA injection during PV and systemic cardiovascular insta-
bility (113).

Patient Instructions

For vertebroplasty procedures performed during the morning, the
patient should have had nothing by mouth (NPO) after midnight
except for medications. If the procedure is scheduled for the afternoon,
the patient should be NPO for a sufficient time (at least 4 hours in most
institutions) to permit safe administration of medication for conscious
sedation.

In general, patients are advised to take their usual medications with
sips of water on the day of the procedure. Diabetics who will be NPO
after midnight should be instructed to adjust their insulin dosage
appropriately. Patients taking anticoagulants should discontinue their
use at an appropriate interval before the procedure, but only following
consultation with the primary care or prescribing physician.

Preprocedure Laboratory Studies

Routine examinations that should be performed before percutaneous
vertebroplasty include a complete blood count, prothrombin time/
partial thromboplastin time/International Normalized Ratio or acti-
vated clotting time, and platelet count. If intraosseous venography is
contemplated, laboratory evaluation of blood urea nitrogen and crea-
tinine levels may also be ordered.

Examination Under Fluoroscopy

Although in many cases it is possible to make a reasonable correlation
between the general area of pain described by the patient and the level
of VCF on imaging studies, it is always a good idea to localize painful
vertebrae by examining the patient under fluoroscopy immediately
prior to performing PV. This is especially true for patients with multi-
level disease, who often have difficulty precisely localizing discomfort,
and for patients reporting diffuse pain and tenderness.

Careful palpation over the posterior elements is performed to 
identify the most painful vertebral levels. Thumb pressure over each
spinous process, or side-to-side movement of a spinous process, will
often elicit tenderness in the setting of an acute VCF. Pressure and pal-
pation over paravertebral muscles (i.e., parasagittal palpation) may
also help to identify whether or not muscle spasm constitutes an addi-
tional component of the patient’s pain.

Conclusions

Numerous studies have documented the safety and efficacy of PV.
Technical skill alone will not guarantee consistently good outcomes;
adherence to rigid patient selection criteria suggested by previous pub-
lications will help to ensure clinical success.
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