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ABSTRACT

Vertebral fractures account for �27% of all osteoporotic fractures in both men and
women. The economic burden is substantial and growing: osteoporosis is expected to affect
14 million people by the year 2020. There is substantial morbidity associated with
osteoporotic vertebral compression fractures (VCFs) including decreased quality of life,
reduced pulmonary function, and increased mortality. Relatively recent additions to the
treatment armamentarium include vertebral augmentation using vertebroplasty and ky-
phoplasty. Numerous retrospective and case studies demonstrate short-term efficacy and
low complication rates of vertebroplasty and kyphoplasty in the treatment of osteoporotic
VCFs, but controlled trials are needed for validation. The pathophysiology, risk factors,
consequences, characteristics, and imaging of osteoporotic VCFs are presented in detail
along with a discussion of treatment options and patient selection. Vertebral augmentation
is comprehensively reviewed, including the technical aspects of the procedures, contra-
indications, complications, and clinical outcomes.
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Objectives: Upon completion of this article, the reader should be able to (1) identify osteoporotic vertebral compression fractures,

including risk factors, consequences, characteristics, and imaging; (2) state patient selection and indications for vertebral augmentation;

and (3) explain technical aspects, clinical outcomes, complications, and contraindications to vertebroplasty and kyphoplasty.
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Osteoporosis is a systemic skeletal disorder
characterized by compromised bone strength, low bone
mass, and disruption of bone architecture, predisposing
to an increased risk of fracture. The World Health
Organization (WHO) defines osteoporosis as having a
bone mineral density (BMD) at the hip or lumbar spine
greater than 2.5 standard deviations below the young

normal adult reference population. It is the most com-
mon bone disease in the United States and represents a
major public health problem. More than 10 million
Americans (8 million women and 2 million men) have
osteoporosis and an additional 33.6 million individuals
have low BMD.1 It is estimated that the prevalence of
osteoporosis will increase to 14 million people by 2020.2
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Vertebral fractures are the most common osteo-
porotic fracture in postmenopausal women. It is esti-
mated that there are 550,000 to 700,000 osteoporotic
vertebral compression fractures (VCFs) annually, which
account for �27% of all osteoporotic fractures in both
men and women.2,3 The incidence is difficult to quantify
accurately as only 23 to 33% of these fractures are
clinically evident.4

The economic burden is substantial and growing.
Estimates of direct medical costs attributed to osteopo-
rosis in the United States are between 13.7 to 20.3
billion dollars with osteoporotic VCFs accounting for
�1.1 billion dollars. By 2025, analysts project the num-
ber of annual overall fractures and costs to rise nearly
50%.2 Invariably, the actual costs are much higher
because it is difficult to account for indirect costs of
disability such as time off work, pain, diminished mobi-
lity, insomnia, and depression. Vertebral compression
fractures in people over 45 years of age account for
150,000 hospital admissions, 161,000 physician office
visits, and over 5 million restricted activity days annually
in the United States.5

PATHOGENESIS OF OSTEOPOROTIC
VERTEBRAL COMPRESSION FRACTURE
Bone is composed of a cortical component and meta-
bolically active trabecular component. Remodeling of
bone is a continuous process and a balance between bone
formation and resorption. Peak bone mass is achieved by
age 25 to 30.1 After this age, there is a steady 3 to 5% rate
of bone loss per decade.6 Bone loss results in a decreased
number of trabecular plates, leaving a weakened archi-
tectural structure and increased bone fragility and risk of
fracture.7 Trabecular thinning and bone loss occurs with
advancing age in both men and women, but to a greater
extent in women.8 Within the first decade after meno-
pause, bone loss affecting the lumbar spine nearly triples
in women.9 Bone loss can also occur secondary to other
causes, such as long-term steroid use, which accelerates
bone resorption by osteoclasts. Osteoporotic VCFs occur
when the combined axial and bending loads on the spine
exceed the strength of the vertebral body.10

RISK FACTORS FOR OSTEOPOROTIC
VERTEBRAL COMPRESSION FRACTURE
Low BMD is associated with an increased risk of
vertebral fracture.11 Risk for vertebral fracture increases
greater than 4-fold with each standard deviation de-
crease from the mean BMD.12 The risk of osteoporotic
VCF also increases with age. Ten percent of white
women 50 to 54 years old and 50% of women 80 to
84 years old have at least one vertebral fracture.13 With
advancing age, each 5-year increment increases the risk
of vertebral fracture up to 2.0 times.12

A prevalent or preexisting fracture is a predictor of
a future fracture, independent of BMD, and is associated
with a 5-fold increased risk.13 The combination of
prevalent fractures and low BMD is an even stronger
predictor of risk. For each standard deviation decrease in
baseline BMD value below the mean for a young healthy
population, there is a 60% increase in risk for fracture
within the first year following the incident fracture.4 The
absolute risk of vertebral fractures is greater than 50% in
women with both a previous fracture and BMD in the
osteoporotic range.11

The prevalence and incidence of fractures are
highest at T7–8 in the upper thoracolumbar spine, and
at T12-L1 in the lower spine.13 Other factors such as
smoking, low body mass index (BMI), low levels of daily
physical activity, falls, and low calcium uptake during
periods of high calcium needs (pregnancy or during
teenage years) are also associated with increased risk of
a first vertebral fracture.14

OSTEOPOROTIC VERTEBRAL
COMPRESSION FRACTURE
CHARACTERISTICS
Osteoporotic VCFs may be an incidental radiographic
finding or a symptomatic clinical event. VCFs associated
with severe trauma, including falls from greater than
standing height, are nearly always symptomatic, but not
all VCFs that result from minimal to moderate trauma
cause back pain.15 Many osteoporotic VCFs occur
spontaneously or with usually innocuous activities such
as sneezing or twisting.

Just as not all osteoporotic VCFs that occur
spontaneously or with minimal to moderate trauma are
symptomatic, the intensity and duration of pain vary from
patient to patient. Lyritis et al studied the natural history
of VCF in 210 postmenopausal women with painful
osteoporotic VCFs and identified two groups.16 In in-
dividuals with type I fractures, the osteoporotic VCF was
radiographically evident and a single episode of pain was
severe and acute, persisting for 4 to 8 weeks. In type II
fractures, the fracture was not clear radiographically, but a
wedge deformity gradually developed over the next few
months. The pain in type II fractures was less severe and
of shorter duration than type I, but a new attack of pain
occurred after 6 to 16 weeks and often recurred over a
period of 6 to 18 months. In this study, the women with
type I fractures had a lower BMD than type II.16

Acute osteoporotic VCF pain is usually associated
with intense, deep pain, tenderness to palpation at the
site of the fracture, and often lasts from 2 weeks to
3 months. Prolonged sitting, standing, bending, and
motion exacerbate the pain. Rest, recumbency, heat,
and diversion may produce symptomatic relief. Para-
spinal muscle spasm and ligament tenderness are com-
mon and can extend several levels up or down from the
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site of fracture. Irritation or compression of nerve roots
can result from the fracture, with pain radiating ante-
riorly along the rib cage with thoracic osteoporotic VCFs
or down into the buttocks or legs with lumbar osteopor-
otic VCFs. Spinal cord compression and myelopathy are
rare with osteoporotic VCFs, but are more commonly
reported in patients with vertebral metastases.17,18

Chronic pain can develop following VCF and
may occur after an asymptomatic period of variable
length. The etiology of chronic pain is unknown, but
likely results from multiple sources including accentu-
ated kyphosis, paraspinal muscle spasm and fatigue,
neural irritation, facet joint arthroses, and physical de-
conditioning. The risk of chronic pain increases with the
number of fractured vertebrae.6

CONSEQUENCES OF OSTEOPOROTIC
VERTEBRAL COMPRESSION FRACTURE
There is substantial morbidity with osteoporotic VCFs.
Patients experience reduced quality of life, difficulties
with activities of daily living, loss of independence,
depression or low self-esteem, impaired gait, poor bal-
ance, and higher mortality rates.15,19–22 Vertebral body
height loss and progressive kyphosis, especially in patients
with multiple osteoporotic VCFs, result in reduction in
volume of the thoracic and abdominal cavities leading to
reduced pulmonary function and early satiety, respec-
tively.15,19 Even patients with asymptomatic osteoporotic
VCF or those who are nonsmokers may have a decline in
pulmonary function tests due to the increased kyphotic
deformity.23–25 Patients with asymptomatic osteoporotic
VCF also experience decreased quality of life, increased
hospitalization, and mortality.26,27

Multiple studies suggest increased mortality with
osteoporotic VCFs.20,26,28,29 In a study of 6,459 women
with low bone mass aged 55 to 81 years, there was a
1.5-fold increased risk of death in women with prevalent
osteoporotic VCFs compared with women without
existing vertebral deformities.26 In a European cohort
study of 6,480 men and women aged 50 to 79 years,
adjusted mortality rate ratios were 1.6 for women
and 1.2 for men in those with vertebral deformities
compared with those without deformities.29 The risk
was reduced after adjusting for adverse health and life-
style factors including smoking, BMI, alcohol consump-
tion, and general health. The rate of mortality also
increased with increasing number of osteoporotic
VCFs; women with 3 or more vertebral deformities
were 4 times as likely to die when compared with women
without deformities.26

IMAGING
For the evaluation of back pain, patients often undergo
plain radiographs of the spine in the lateral and ante-

roposterior (AP) projections. Plain radiographs can be
used to evaluate the degree of height loss and progres-
sion of deformity on sequential images. Prior compar-
ison films can help determine if an event is acute, but the
age of the fracture can be difficult to determine accu-
rately. Osteopenic or osteoporotic bone makes subtle
fractures difficult to detect.

Magnetic resonance imaging (MRI) can differ-
entiate between acute, subacute, and healed osteoporotic
VCFs and allows assessment of the spinal canal, retro-
pulsed fragments, and presence or absence of spinal cord
compression. MRI can also uncover other causes for back
pain such as malignancy or spinal stenosis. Acute frac-
tures exhibit low signal intensity on T1-weighted se-
quences and high signal intensity on heavily T2-
weighted sequences such as short tau inversion recovery
(STIR) sequences (Fig. 1). Complete replacement of the
marrow, involvement of the posterior elements, and/or
an associated epidural or paraspinal mass suggest malig-
nancy, but these findings are not specific and may occur
with benign fractures. In cases suspicious for tumor, a
biopsy can be performed at the time of vertebral aug-
mentation.

Computed tomography (CT) and bone scan are
alternative imaging modalities in patients who cannot
undergo MRI scanning. CT is ideal to evaluate the
integrity of the posterior wall of the vertebral body and
to evaluate suspected pedicle or posterior element frac-
tures (Fig. 1). This information is useful to determine
the appropriate needle path. Bone scans have high
sensitivity, but low specificity for vertebral fractures
and can remain positive for over one year after substan-
tial healing has occurred (Fig. 2).

CONSERVATIVE THERAPY
Conservative therapy of osteoporotic VCFs includes
narcotics, nonsteroidal antiinflammatory drugs
(NSAIDs), bed rest, external bracing, physical therapy/
exercise, and medical treatment of osteoporosis. If rad-
icular pain is present, nerve root blocks or epidural
injections with steroids and/or anesthetics may be bene-
ficial. Medications that address neurogenic pain includ-
ing antidepressants, anticonvulsants, and a� 2 agonists
may be useful to treat pain that is chronic in nature.30

Treatments of osteoporosis such as hormone replace-
ment therapy, calcitonin, bisphosphonates, raloxifene,
and Teriparatide (Eli Lilly & Co., Indianapolis, IN) may
decrease pain by reducing the risk of fractures.31 Addi-
tionally calcitonin, intravenous bisphosphonates, and
Teriparatide may directly relieve bone pain.17

Spinal orthoses or braces can reduce pain by
reducing motion, decreasing postural flexion, and pro-
viding axial support in patients with muscle fatigue and
spasm. Physical therapy improves body mechanics and
posture, which may reduce pain. Exercise may provide
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Figure 1 A 71-year-old female with osteoporosis and intractable back pain after a fall. (A) Axial CT image and sagittally

reconstructed image (B) demonstrates a severe L2 vertebral compression fracture with retropulsion into the spinal canal. Note

that the fracture does not extend into the pedicles. Abnormal marrow signal representing edema is hypointense on the T1-

weighted (C) and hyperintense on the short tau inversion recovery (STIR) (D) MR images. (E,F) Unipedicular approach with

careful placement of the vertebroplasty needle and injection of polymethylmethacrylate (PMMA) under biplane fluoroscopic

guidance.
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benefit by increasing muscle strength, improving flexi-
bility and balance, maintaining BMD, and reducing the
incidence of additional osteoporotic VCFs.30,32

COMPLICATIONS OF CONSERVATIVE
THERAPY
Although narcotics may be necessary to treat pain
induced by VCF, adverse drug reactions such as cogni-
tive impairment, sedation, and constipation can occur,
which may be especially debilitating in elderly patients.
Additionally, NSAIDs can cause gastrointestinal prob-
lems such as gastritis and ulcers.

Bed rest and immobilization aggravates bone loss,
which is reported to occur at a rate of BMD losses of
0.25 to 1% per week.6 Muscle strength decreases 10 to
15% per week, with almost half of normal strength lost
within 3 to 5 weeks of immobilization.33 Immobility can
also lead to decreases in cardiac function, endurance, and
respiratory capacity in addition to predisposing individ-
uals to deep venous thrombosis, pulmonary embolism,
pressure sores, glucose intolerance, poor appetite, and
ligament contractures.33

Adverse effects of braces include noncompliance,
poor fit in obese patients, expense, and difficulty in
putting on and removing the device. Atrophy of sup-
ported back muscles can also occur with ongoing use of
the rigid braces.

VERTABRAL AUGMENTATION
Percutaneous vertebroplasty was the first image-guided
percutaneous vertebral augmentation performed. In
1984, Deramond and Galibert injected polymethylme-
thacrylate (PMMA) into a C2 vertebral body to treat
pain caused by an aggressive hemangioma.34 Vertebro-
plasty was used to treat osteoporotic VCFs shortly
afterwards and was introduced in the United States at
the University of Virginia.35 Kyphoplasty was first per-
formed in 1998. The technique was developed by Dr.
Mark Reiley, an orthopedic surgeon, and designed to not
only stabilize VCFs, but also to restore vertebral body
height and minimize the associated kyphotic deformity
with the use of an inflatable bone tamp.36 Since 1993,
the number of inpatient vertebroplasty and kyphoplasty
procedures in the United States have increased from a
combined total of 182 to 23,691 in 2004 (a nearly 130-
fold increase).37 The overall number of vertebral aug-
mentation procedures for the treatment of osteoporotic
VCFs is substantially higher because many procedures
occur in the outpatient setting.

PATIENT SELECTION/INDICATIONS
Vertebral augmentation with either vertebroplasty or
kyphoplasty is indicated for treatment of painful primary
and secondary osteoporotic VCFs refractory to medical
therapy. Ideal patients have pain corresponding to the
level of the compression fracture, which worsens with
bending, prolonged standing or sitting, and improves
with rest and recumbency. There is usually focal tender-
ness over the site of the fractured vertebrae, but this is
not an absolute indication for intervention. In one study,
9 out of 100 patients who had back pain, but tenderness
either distant or lateral to the fracture had significant
pain improvement following vertebroplasty.38 An acute
or subacute vertebral fracture should be verified by the
presence of a fracture and edema on MRI or increased
uptake on bone scan. Some radicular pain can be present
that may require adjuvant therapy, but it should not be
the primary component of the patient’s pain.

Timing of the intervention is controversial in
terms of what defines ‘‘refractory to medical therapy’’
or failure of medical management. Some practitioners
will wait to intervene until after 2 to 6 weeks of non-
operative treatment, whereas others treat patients within
days after the occurrence. Early intervention may be
helpful if the pain is severe enough to require hospital-
ization and parenteral narcotics. Earlier vertebral aug-
mentation has also been performed in those patients who
have complications of nonoperative treatment, are non-
ambulatory because of refractory pain, at significant risk
for functional decline, or have symptomatic progressive
vertebral collapse on imaging. Other investigators advo-
cate immediate treatment because they believe that an
additional goal besides pain relief should be to correct

Figure 2 Tc-99m-labeled radionuclide bone scan (posterior

view) shows increased radiotracer uptake secondary to an

upper lumbar vertebral compression fracture (white arrow)

and multiple left rib fractures.
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the kyphotic deformity, which is thought to increase the
risks of future fractures due to alterations in spinal load
distributions.39

PRECAUTIONS/CONTRAINDICATIONS
Vertebral augmentation with either vertebroplasty or
kyphoplasty is not indicated or approved for asympto-
matic osteoporotic VCFs or for prophylactic treatment
of osteoporotic VCFs. Active infection, sepsis, cord
compression, allergy to PMMA, and uncorrectable coa-
gulopathy are contraindications for vertebral augmenta-
tion. Myelopathy with neurologic signs or deficits should
be evaluated for surgical decompression.

Radiculopathy is not an absolute contraindication
for vertebral augmentation, but the procedure may not
improve and could possibly exacerbate symptoms. This is
especially true if the radicular pain is in excess of the
vertebral pain. Imaging of patients with congenital or
acquired spinal stenosis should be carefully reviewed for
retropulsion of the posterior cortex or retropulsed bone
fragments, as further retropulsion and canal narrowing
can occur following the PMMA injection. Retropulsion
with spinal canal compromise is no longer an absolute
contraindication to augmentation, as vertebroplasty and
kyphoplasty have been safely performed in this clinical
setting.40 These cases, however, should be approached
with caution and performed by experienced operators.

Height loss greater than 70% or vertebra plana is
technically challenging for needle placement, but proce-
dures in many of these cases have been successfully
performed with good clinical results.41 The lateral por-
tions of the vertebral body are usually not as compressed
as the center, and the needles can be positioned via a
posterolateral or extrapedicular lateral approach. With
kyphoplasty, advancement and inflation of the bone
tamps can be done gradually to allow advancement of
the system with access into the anterior portion of the
vertebral body.

Fractures above T5 are technically difficult to
treat due to the small size and parallel orientation of
the pedicles. Fluoroscopic visualization, even with high
quality equipment is poor due to the osteoporotic bone
and obscuration by the shoulders. If the fracture involves
the pedicle, an extrapedicular approach may prove to be a
safer alternative to the standard transpedicular approach.

TECHNICAL ASPECTS OF
VERTEBROPLASTY AND KYPHOPLASTY
High quality fluoroscopic equipment is essential to the
performance of safe and successful vertebroplasty and
kyphoplasty. Biplane fluoroscopy is not a requirement
but may decrease procedure time, which is advantageous
when treating frail patients with numerous comorbid-
ities. Several commercial self-contained vertebroplasty

kits contain access needles, radiopaque cement, and
various cement delivery systems. Kyphoplasty differs
from vertebroplasty by the addition of an inflatable
bone tamp that is used to create a cavity prior to cement
deposition.

Sedation and analgesia, monitored anesthesia,
and general anesthesia have all been used during verte-
bral augmentation procedures. There are advantages and
disadvantages for each type of sedation. General anes-
thesia is used most often when the procedure is per-
formed in the operating room or when treating multiple
levels. The type of sedation provided is often operator
and institution dependent.

Both unipedicular (Fig. 1) and bipedicular
(Fig. 3) vertebral body access have been described and
reported for vertebroplasty and kyphoplasty.42,43 Advan-
tages of unipedicular access are decreased procedure
time, cost, and risk from the single needle placement.
However, conversion to a bipedicular approach is needed
if PMMA does not cross the midline and achieve
contralateral filling of the vertebral body. Early on,
many practitioners performed antecedent interosseous
venograms prior to cement injection to assess the risk of
cement leakage and identify direct venous connections,
but the venograms had questionable efficacy and are no
longer routinely used.44,45

PMMA is injected into the vertebral body after
appropriate positioning of the needles or trocars under
fluoroscopy. Adequate cement opacification is essential
to being able to identify a small leak; most commercially
available cement in the United States adds barium sulfate
(up to 30% by weight). The consistency of the cement is
also important because there is an inverse relationship
between viscosity and working time. The cement deliv-
ered during vertebroplasty tends to be thinner in con-
sistency to fill the interstices of cancellous bone
compared with that used in kyphoplasty, where the
cement fills the cavities created by the bone tamps. In
either case, the cement should not be injected in a runny,
liquid-like state. Additionally, to prevent nontarget
deposition, monitoring with continuous fluoroscopy
should be used. With single plane equipment, fluoro-
scopic monitoring in the lateral projection with periodic
checks in the anteroposterior projection is used to
evaluate for lateral cement extravasation. Cement depo-
sition should be terminated if flow into a blood vessel or
toward the posterior cortical margin is noted.

POSSIBLE MECHANISMS OF PAIN RELIEF
The exact mechanism of pain relief is unknown. One
theory is related to mechanical stabilization of the
vertebral body and improved load-bearing ability.46,47

In this theory, mechanical stabilization prevents further
collapse and painful micro motion of the vertebral
fracture.47 Fracture reduction may allow the anterior
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Figure 3 A 82-year-old female with osteoporosis and intractable back pain after a fall. (A) Sagittally reconstructed CT image

demonstrates a severe T9 VCF. (B) Lateral radiograph with uninflated bone tamps placed via bipedicular approach. (C)

Anteroposterior radiograph of inflated bone tamps. (D) Post-kyphoplasty lateral radiograph. One-month post-kyphoplasty

sagittally reconstructed CT image (E) obtained for new back pain demonstrates an adjacent T10 VCF. (F,G) Anteroposterior

radiographs of inflated bone tamps and subsequent PMMA deposition with extension of PMMA into the T9-T10 disc space

(white arrow).
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and posterior longitudinal ligaments to realign into a
more anatomical position with a resultant decrease in
pain from pain fibers. Pain relief may result from damage
to local pain receptors due to exposure to unreacted
cytotoxic methacrylate monomer.47 Additionally, the
exothermic polymerization of PMMA generates a sig-
nificant amount of heat that may result in thermal injury
to free nerve endings.47

CLINICAL OUTCOMES
Over 100 studies on vertebroplasty and kyphoplasty
assess clinical outcomes, but the majority of these
investigations are case study or retrospective cohort
designs. A meta-analysis of 14 vertebroplasty and
7 kyphoplasty studies that used the visual analog scale
(VAS) to measure pain relief found that greater than
90% of patients had an immediate improvement in
their symptoms, and �50% of individuals reported a
reduction of the amount of pain in the immediate
postoperative period.48 There was no significant differ-
ence between vertebroplasty and kyphoplasty. In an-
other literature review of 32 vertebroplasty studies and
7 kyphoplasty studies, 87% and 92% of patients had
pain relief following vertebroplasty and kyphoplasty,
respectively.49

In three studies comparing kyphoplasty with
conventional medical treatment, kyphoplasty resulted
in a significant reduction in pain as measured by VAS.
The pain improvement was greater than medical care
treatment at 3, 6, 12, and 36 months follow-up. Func-
tional capacity improved after kyphoplasty and ex-
ceeded conventional medical care at 6 months follow-
up.50 In a study comparing vertebroplasty and conser-
vative therapy, Diamond et al demonstrated a 53%
improvement in pain scores and a 29% improvement
in physical functioning 24 hours after vertebroplasty.
This compared with no improvement in the patients
treated conservatively. There was, however, no signifi-
cant long-term improvement, with similar outcomes
noted at 6 weeks, 6 months, and 12 months.51 In a
prospective, randomized study comparing vertebro-
plasty with optimal pain medication treatment (VER-
TOS study), vertebroplasty patients used fewer
analgesics and had significantly better VAS scores
24 hours after intervention. At 2 weeks, vertebroplasty
patients used fewer analgesics and had significantly
better quality of life and disability scores. In this
particular prospective randomized study, 14 of the
16 patients in the optimal pain medication group
crossed over into the vertebroplasty group.52

HEIGHT RESTORATION CONUNDRUM
The intent of kyphoplasty is to restore vertebral
body height and correct the kyphotic deformity. In a

kyphoplasty phase I efficacy study, the mean central
vertebral height lost following fracture was 8.7 mm,
and the mean percentage of height restoration was 35%
(2.9 mm).36 A separate study reported an average
kyphosis correction of 62.4� 16.7%.53 Proponents of
kyphoplasty have touted height restoration and cor-
rection of kyphotic deformity as advantages of this
procedure over vertebroplasty. As a result, there have
been several vertebroplasty studies also reporting
height restoration and correction of kyphosis.49,54,55

Factors such as age of the fracture, preoperative frac-
ture mobility, and the presence of intravertebral clefts
may influence the degree of possible height restoration.
It is difficult to accurately compare and contrast results
of the two procedures as calculation methods, report-
ing methodology, and confounding factors such as the
age, severity, and mobility of the fractures are neither
controlled for nor standardized. Although the theoret-
ical benefits of height restoration and deformity cor-
rection are intuitive, the actual clinical significance is
unknown. Height restoration and kyphosis correction
has not been shown to translate into a similar correc-
tion in overall spinal sagittal alignment.56 In addition,
studies have not found a significant relationship be-
tween pain relief and improvement in vertebral
height.50

COMPLICATIONS OF VERTEBRAL
AUGMENTATION
The complication rates of both vertebroplasty and ky-
phoplasty are low, ranging from 1 to 3% in osteoporotic
VCFs to up to 10% when performed for malignant
tumor-related VCFs.6,57 Complications include those
related to needle placement, cement extravasation, in-
fection, bleeding, and iatrogenic fractures. Iatrogenic
pedicle fractures may result from excessive torque on
the needle during placement. Due to fragility of osteo-
porotic bone, fractures of the ribs and hips can occur
from transmitted forces during needle placement with
the patient lying prone.

The cement can leak into the disk space (Fig. 3),
paravertebral tissues, epidural space, neural foramina, or
venous system. The majority of these cement leaks is
asymptomatic, but a significant leak into the spinal canal
or neural foramina can result in worsening pain, radi-
culopathy, or spinal cord compression. Fortunately, most
of these symptoms can be managed with steroids, nar-
cotics, nerve blocks, or epidural injections; intractable
symptoms or neurologic compromise may require surgi-
cal intervention. Migration of PMMA through the
epidural or paravertebral venous system may result in
pulmonary embolism. Emboli are usually asymptomatic,
but there have been at least 3 deaths reported in the
literature.58,59 Other lethal consequences have been
reported such as paradoxical cerebral embolism,60 renal
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artery embolism,61 cardiac perforation, and tricuspid
regurgitation.62,63

Cement extrusion into the disk may be a risk
factor for a VCF of an adjacent vertebra. In a retro-
spective study by Lin et al., fractures in 10 out of
14 patients during a one year follow-up period were
associated with cement leakage into the disk.64 A
separate study by Lazary et al suggests that vertebral
filler materials such as PMMA can accelerate degener-
ation of nucleus pulposus cells, resulting in a less
flexible disk and possibly an increased risk of new
vertebral fractures.65

New adjacent and nonadjacent VCFs have been
described following both vertebroplasty and kyphoplasty
(Fig. 3).66–72 The rate of subsequent VCF may be higher
in patients with secondary osteoporosis due to steroids as
opposed to primary osteoporosis. In a study of 115
patients, the incidence of new fractures in patients
with secondary osteoporosis and primary osteoporosis
was 48.6% and 11.3%, respectively.70,71 The high in-
cidence of new fractures within the first 2 to 3 months
following vertebral augmentation may be the result of
increased mobility or activity secondary to the relief of
pain.49,68

Questions remain as to whether vertebral augmen-
tation results in an increased number of new fractures or if
this phenomenon is a result of the natural history of
osteoporosis. Grados et al calculated the odds ratio to be
2.27 for a VCF in the vicinity of the cemented vertebra as
opposed to 1.44 for a VCF in the vicinity of an un-
cemented fractured vertebra.66 In another study, 67% of
subsequent VCF were adjacent to a previously treated
level, compared with 33% of fractures that occurred in a
nonadjacent vertebral body.68 In recent analyses of risk
factors for new osteoporotic VCF after vertebral aug-
mentation, a low BMI was a statistically significant factor
between patients who did or did not sustain a new
fracture.57,72 Other studies have confirmed this associa-
tion between a low BMI and a higher prevalence of
osteoporosis and VCF.14,57 In a study of 111 women with
osteoporotic VCF treated with kyphoplasty, there was a
lower incidence rate (15.5%) of new compression frac-
tures than the rate (19.2%) due to the progression of
osteoporosis, which the authors hypothesized may be due
to the high percentage (93.7%) of patients taking anti-
osteoporotic medication.72 Only one study compares the
new vertebral fracture rate after vertebral augmentation
with a conservative treatment group.73 It found no
significant difference but it had limited statistical power
and a short follow-up period.49,73

FUTURE DIRECTION
Despite the hundreds of published articles on vertebro-
plasty and kyphoplasty for osteoporotic VCFs, there are
still several unanswered questions and issues, including

long-term clinical efficacy, economic impact, and cost
effectiveness of the treatments. The clinical significance
of height restoration is unclear. Optimal timing of
vertebral augmentation is controversial as is the effect
of vertebral augmentation on future fracture rate. More
information is needed to determine whether these pro-
cedures decrease morbidity or mortality in the long-
term, and what factors influence complication rates and
successful outcomes. Currently, kyphoplasty is �2.5
times more expensive than vertebroplasty and it is un-
known whether the reported advantages justify the
added cost, or if certain subgroups of patients may derive
more benefit from one particular procedure.33,74

Randomized controlled trials are needed to an-
swer these questions. Currently there are two random-
ized controlled trials underway designed to compare
vertebroplasty with kyphoplasty in the treatment of
osteoporotic VCFs. The purpose of KAVIAR (kypho-
plasty and vertebroplasty in the augmentation and re-
storation of vertebral body compression fractures) is to
evaluate short- and long-term safety and effectiveness in
a head-to-head comparison of vertebroplasty and ky-
phoplasty.75 A second randomized trial, currently under-
way at the Mayo Clinic (Rochester, MN), is designed to
compare the cost effectiveness and efficacy between the
two procedures.76 Several other trials are registered and/
or underway comparing vertebroplasty and kyphoplasty
to conservative therapy, vertebroplasty against placebo
treatment, and evaluating refracture rates after prophy-
lactic vertebroplasty of adjacent vertebrae.

CONCLUSIONS
Osteoporosis is a common and widespread disease. As
the population continues to grow and age, osteoporotic
VCFs will likely become an even greater health care
concern. Percutaneous vertebral augmentation in the
form of vertebroplasty and kyphoplasty is an additional
tool in our armamentarium for the treatment of symp-
tomatic VCFs. Both procedures relieve pain, restore
function, and have low complication rates; nevertheless,
many questions and issues remain that hopefully will be
answered with ongoing research and controlled clinical
trails.
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