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Introduction

While many patients with acute osteoporotic VCFs achieve significant pain relief
with conservative measures, there are some who continue to experience persistent
pain. VCFs may contribute to symptoms of back pain, radiculopathy, and/or
myelopathy. Patients with VCFs may also experience other medical co-morbidities,
functional impairments, and overall reduction in quality of life. For some patients,
VCFs can be an incidental finding on spine imaging. Therefore, it is important to
identify if a patient has a symptomatic compression fracture as this significantly
impacts the treatment plan.

This chapter aims to review the epidemiology and common etiologies of VCFs,
as well as the global impact of these fractures on patients. The key points in the
clinical and diagnostic imaging evaluation of patients with VCFs will also be high-
lighted. An evidence-based review will be provided on the various treatment options
for acute and persistent pain associated with VCFs. The chapter will also emphasize
the importance of a multidisciplinary approach to treatment and prevention of VCFs.

Epidemiology and Risk Factors

A vertebral compression fracture (VCF) is characterized by collapse of trabecular
bone within the vertebral body. VCFs have a variety of causes, including osteoporo-
sis, trauma, malignancy, and infection. Osteoporotic fractures are by far the most
common, accounting for an estimated 700,000 new VCFs in the United States every
year [1]. Osteoporosis is characterized by decreased bone mineral density (BMD).
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The World Health Organization defines osteoporosis as a BMD that lies 2.5 stan-
dard deviations (SD) or more below the average BMD of a healthy, premenopausal
white female (T-score < —2.5 SD). Osteoporosis results in diminished structural
support of the spinal column, increasing the risk of fracture. In 2010, approximately
10.2 million older adults in the United States had osteoporosis, placing them at
substantially increased risk for VCF compared to their non-osteoporotic peers [2—
4]. The rate of osteoporosis is expected to increase more than 30% by the year 2030
as the population ages [4].

Other VCF risk factors are similar to those for osteoporosis and include advanced
age, female sex, Asian or Caucasian ethnicity, excessive alcohol consumption,
tobacco use, estrogen deficiency, history of falls, lack of physical activity, use of
systemic glucocorticoids, and deficiency of calcium and vitamin D [5, 6]. The prev-
alence of VCF increases with advancing age, affecting approximately 25% of all
postmenopausal women [7]. By 80 years of age, the prevalence in women reaches
40% [8]. Elderly men are also at increased risk of VCF, though lifetime fracture risk
in men is less than in women [7].

History of prior VCF is also an important risk factor for sustaining a new
VCF. Having sustained 1 VCF increases the risk of a subsequent VCF by approxi-
mately five-fold in the first year following the initial fracture [9]. In patients with a
history of 2 or more VCFs, the subsequent fracture risk increases up to 12-fold [10].

While osteoporosis is the most common cause of VCF in the elderly, any new
compression fracture in a young and otherwise healthy patient should prompt fur-
ther investigation. Again, it is important to assess bone health and to also evaluate
for secondary causes of fracture, such as malignancy. Metastatic disease affecting
the vertebral body can compromise bone stability and lead to pathologic VCF. Bone
metastasis is common in a variety of advanced stage solid tumor malignancies
including prostate, lung, renal, breast, and colorectal cancer. For example, bone
metastasis is diagnosed in up to 45% of metastatic prostate cancer patients within
12 months of initial cancer diagnosis [11]. Pathologic fracture is also common in
Multiple myeloma (MM), a plasma cell malignancy associated with osteolytic bone
disease. VCF is the most common type of fracture in MM and is seen in up to 60%
of patients at the onset of disease [12].

Global Effects of VCF

More than two-thirds of patients with VCFs are asymptomatic and only identified
incidentally, often on standard radiographs of the chest and abdomen [13].
Symptomatic fractures, however, can cause significant acute and chronic back pain,
impaired physical functioning, vertebral height loss, and progressive spinal kyphotic
deformity [14—17]. Symptomatic VCF negatively impacts quality of life and mental
health. Patients often report feelings of anxiety and depression following an acute
VCEF [18]. Additionally, the loss of ability to participate in recreational activities,
secondary to fracture associated pain and debility, can lead to social isolation [18].
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Patient perceived deterioration in overall health status is common and adds to dis-
satisfaction following acute fracture [19]. Not surprisingly, patients with a history of
prior VCF have greater disability and worse quality of life after sustaining a subse-
quent VCF compared to those with a first-time fracture [20]. While VCFs are rarely
fatal in the short term, they have been associated with a higher mortality rate which
becomes more pronounced in the years following fracture [21].

The social and economic costs of VCFs are also substantial. Direct healthcare
costs associated with VCFs were estimated to exceed $1 billion per year in 2005,
with costs expected to increase more than 50% by the year 2025 as rates of osteo-
porosis continue to rise [22]. When patient and caregiver productivity loss is fac-
tored in, the costs associated with VCF are substantially higher. Direct economic
costs to the patient are also high. In the first 12 months following an initial osteopo-
rotic fracture, average all-cause healthcare costs more than double [23]. Also, in the
first 12 months following a fracture, patients are 14 times more likely to require
primary care physician services, as compared to the general population [24].
Approximately 10% of patients with acute VCF require hospitalization, with a
6-day length of stay on average [25]. Of those patients requiring hospitalization,
approximately half require ongoing skilled care in a nursing facility following hos-
pital discharge [25].

Given the substantial individual, societal, and growing economic burden associ-
ated with VCF, the identification and treatment of underlying fracture etiology is
paramount. Unfortunately, studies suggest physicians often fail to evaluate bone
health nor initiate osteoporosis directed treatment following acute osteoporotic
VCEF [26]. These missed opportunities, in addition to the known high rates of re-
fracture, highlight the importance of addressing bone health in a timely manner
following VCF.

Evaluation

For patients who have back pain and for whom there is a high index of suspicion of
a possible compression fracture, imaging can be useful in confirming or ruling out
the presence of a vertebral compression deformity. It is imperative that clinical cor-
relation is applied because some patients can have asymptomatic VCFs that are
noted incidentally on spine imaging. Features in the patient’s history that are sug-
gestive of an acute compression fracture include an acute onset of severe pain in the
region of the compression fracture. Acute compression fractures often occur spon-
taneously or as a result of trivial strain [27]. An accurate diagnosis of an acute VCF
can be missed initially and can lead to a delay in appropriate care [27]. For benign
acute compression fractures, the pain is typically worse with activity and relieved
with rest. The pain can also be aggravated with coughing, sneezing, and activities
that jar the body. Some patients may experience symptoms of early satiety and
decreased exercise tolerance due to a compression of the abdominal and thoracic
cavity from the spinal deformity associated with multiple VCFs [28]. The wide
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spectrum of impact that compression fractures can have on patients highlights the
importance of obtaining a thorough history of the patient’s symptoms, as well as the
impact of the fracture on the patient’s function and quality of life.

The most common sites of VCFs include the thoracolumbar junction, the mid-
thoracic spine, and the lumbar spine [29]. In patients with acute compression frac-
tures, physical examination may reveal point tenderness over the symptomatic
spinous process. Patients may have a positive “closed-fist percussion sign” or
“supine sign” in the setting of an acute compression fracture. The closed-first per-
cussion sign requires the examiner to percuss over the site of a suspected fracture
with the hypothenar aspect of the fist. Reproduction of the back pain is considered
to be a positive sign. In order to evaluate for the supine sign, the examiner observes
the patient transition to a supine position on the examination table. This sign is con-
sidered positive if the patient is unable to lie supine due to severe back pain. The
closed-fist percussion sign has been shown to have a sensitivity of 87.5% and a
specificity of 90%, while the supine sign has a reported sensitivity of 81.25% and a
specificity of 93.33% [30].

Depending on the location, severity, and height loss associated with VCF(s),
patients may be noted have kyphosis or loss of lordosis on physical inspection.
Some patients with VCFs in the upper back region can develop a rounded-appearing
kyphotic deformity known as a dowager’s hump [31]. A reduction in overall body
height may also be present in patients with severe or multilevel compression
fractures.

Neurological compromise due to a VCF is a rare but potentially catastrophic
scenario [32]. A comprehensive clinical evaluation and neuromuscular examination
is important to rule out radiculopathy, myelopathy, cauda equina, or spinal cord
compression. Spinal canal compromise should be suspected in patients who develop
lower extremity pain, neurologic signs or symptoms, or bowel or bladder inconti-
nence after the initial diagnosis of acute back pain due to a VCF [32]. These “red-
flag” signs and symptoms warrant urgent imaging and surgical consultation.
According the American College of Radiology’s appropriateness criteria for man-
agement of VCFs, surgical consultation should be considered in patients with spinal
instability, neurologic deficits, or spinal deformity. Surgical consultation is recom-
mended in the setting of patients with pathologic VCFs who have severe pain, neu-
rologic deficits, spinal deformity, spinal instability, or pulmonary dysfunction [33].

Plain radiographs can be useful for evaluating the presence of a superior and/or
inferior endplate compression deformity and to quantify the degree of vertebral
body height loss (Figs. 11.1, 11.2, 11.3, and 11.4). Repeating plain radiographs
upon patient follow up can be considered to monitor for fracture progression [34].
It should be noted that not all vertebral body deformities are a result of a
VCEF. Vertebral bodies may appear deformed from other conditions such as
Schmorl’s nodes, short vertebral height, Scheuermann’s disease, and physiologic
wedging [35].

Magnetic resonance imaging (MRI) can be useful to assess fracture acuity by
evaluating for endplate edema (Figs. 11.5, and 11.6). In a patient with an acute
compression fracture, the MRI would be expected to demonstrate marrow edema on
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Fig. 11.1 Lateral X-ray
demonstrating a T10 VCF

fat-suppressed short tau inversion recovery (STIR) sequences. In the setting of
chronic compression fractures, the MRI would not demonstrate high T2, low T1, or
STIR signal abnormality in the compression fracture (Fig. 11.7). MRI can be useful
in procedural planning and in distinguishing acute versus chronic fractures in
patients with multiple wedge deformities and conflicting physical examination find-
ings [33]. MRI can also be considered in the evaluation of symptomatic patients
who do not have significant height loss on plain radiographs.

Contrast-enhanced MRI studies can aid in differentiating between osteoporotic
and malignant vertebral fracture. MRI features that could suggest the presence of a
pathologic VCF include abnormal posterior element signal, epidural/paravertebral
soft-tissue mass, expansion of posterior vertebral contour, abnormal enhancement,
and replacement of normal marrow signal [36, 37] (Fig. 11.8).

The benefits of an MRI over a computerized tomography (CT) scan or plain
radiographs are more optimal soft tissue & bone marrow resolution, as well as
avoidance of ionizing radiation. If there is a contraindication to MRI, a CT scan can
be useful to evaluate for any bony retropulsion (Fig. 11.9). It should be noted that
CT scans will expose the patient to ionized radiation. For assessment of specific
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Fig.11.2 AP X-ray
demonstrating a T10 VCF

bony details such as the location and extent of fracture lines, thin-section CT with
sagittal reconstructions can be a useful modality [38].

Bone scintigraphy, or bone scan, can be useful in patients who are unable to
undergo MRI and in whom a CT scan or clinical history does not confirm the acuity
of the compression fracture (Fig. 11.10). A bone scan may show elevated tracer
uptake for up to 12 months following a fracture, therefore the results should be cor-
related clinically [38].

Management

Successful management of VCF often involves a graduated, multimodal approach.
Most patients with acute VCF can be treated conservatively and pain typically
resolves over a period of 4 to 6 weeks [39]. Comprehensive treatment strategies
should address pain control and maintenance of physical functioning. It is also
essential to address bone health, when the fracture is osteoporotic in nature, given
the high likelihood of subsequent fracture.
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Fig. 11.3 Lateral X-ray of
aLlVCF

Medications for Pain Control

Adequate pain control is important to prevent immobility and associated comorbidi-
ties including decubitus ulcers, venous thromboembolism, pulmonary disease, and
progressive functional decline. First-line analgesics used to manage acute pain from
VCF include acetaminophen and nonsteroidal anti-inflammatory drugs (NSAIDs).
Appropriate consideration should be taken when prescribing NSAIDs to patients
with a history of gastric ulcers, gastrointestinal bleeding, cardiac and renal disease.
Selective cyclooxygenase-2 (COX-2) inhibitors, which have a lower risk of gastro-
intestinal side effects as compared to traditional nonselective NSAIDs, may also be
considered [40—42]. There is a theoretical risk of impaired bone healing with the use
of NSAIDs, though this has not been confirmed and NSAIDs are commonly used
for acute pain control in clinical practice [43, 44]. Other frequently used pharmaco-
therapies include muscle relaxants, transdermal lidocaine, and various neuropathic
pain medications (e.g., gabapentin, pregabalin, and tricyclic antidepressants).
Although generally well tolerated, appropriate caution should be taken when pre-
scribing skeletal muscle relaxants and neuropathic pain medications, especially in
the elderly. Dizziness, somnolence, and gait disturbance are all documented side
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Fig.11.4 AP X-rayofa
L1 VCF

effects of gabapentin and the use of muscle relaxers has been shown to increase
hospitalization rates in the elderly [45-47]. Tricyclic antidepressants, such as ami-
triptyline, reduce pain by inhibiting the reuptake of norepinephrine and serotonin.
Tricyclics have demonstrated effectiveness in treating neuropathic pain but their
common side effects including urinary retention, sedation, and postural hypotension
may limit their use [48, 49].

Opioid pain medications may be required when patients fail to obtain adequate
pain control with first-line analgesics and activity modification. Special consider-
ation when prescribing opioids in the elderly include risk of reduced gastrointestinal
motility, urinary retention, cognitive slowing, loss of balance, and increased risk of
falls [50, 51]. However, a short course of opioid treatment can be an effective means
of providing analgesia and preventing immobility secondary to uncontrolled, acute
pain. When opioid medications are required a laxative can also be given to prevent
constipation as straining with deification can acutely exacerbate VCF pain. As pain
subsides, opioids should be tapered gradually while closely monitoring the patient’s
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Fig. 11.5 T2-weighted
MRI demonstrating an
acute T12 VCF (blue
arrow) and a chronic L1
VCF (green arrow)

Fig. 11.6 TI1-weighted
MRI demonstrating an
acute T12 VCF (blue
arrow) and a chronic L1
VCF (green arrow)
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Fig.11.7 STIR MRI
sequence demonstrating
increased STIR signal in
an acute T12 VCF and
normal signal in a chronic
L1 VCF

response to dose reduction, including residual pain and functional status.
Re-evaluation and optimization of non-opioid analgesics may also be appropriate as
opioid analgesics are weaned. The risks and benefits of opioid medications should
be carefully considered on a case-by-case basis.

Calcitonin may be used as an adjunct to traditional oral analgesics for pain con-
trol in acute VCF. It is also an option for patients with uncontrolled pain who cannot
tolerate NSAIDs or opioids. Calcitonin is typically administered intranasally for a
two to four-week course. Ideally, treatment should be initiated within 5 days follow-
ing acute fracture [52, 53]. Although the exact mechanism of analgesia is unknown,
calcitonin appears to exert a pain-relieving effect independent of its antiresorptive
properties, possibly via a direct central nervous system mechanism involving calci-
tonin-binding receptors, modulation of peripheral prostaglandin levels, or by
increasing plasma p-endorphin release [54, 55]. A meta-analysis by Knopp-Sihota
et al., examining the combined results of 13 trials, demonstrated significant pain
reduction with calcitonin administration following acute osteoporotic VCF. However,
results from the analysis did not show any convincing evidence when calcitonin was
used for chronic pain associated with older fractures [56]. Recently, there has been
some concern that the long-term use of calcitonin may increase various cancer rates.
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Fig.11.8 MRI with
contrast demonstrating
abnormal marrow signal &
post-contrast enhancement
in pathologic T12 and

L1 VCFs

Although a direct causal relationship has not been established there does appear to
be a weak association with long-term use [57].

In summary, successful pharmacotherapy for the management of pain in VCF
requires an individualized approach based on the intensity, quality, and duration of
pain. A thorough understanding of the indications and potential side effects for each
medication is also important. Medication indications and dosing regimens should
be frequently reviewed as the natural course of pain associated with acute VCF typi-
cally improves over subsequent weeks.

Spinal Bracing

Spinal orthoses can also be used to reduce pain in patients following acute VCF. In
general, braces are used to limit spinal flexion, thereby decreasing load on the frac-
tured and painful anterior vertebral column [58]. Although high-quality evidence is
lacking, bracing may also aid in limiting motion about the injured vertebrae to
reduce pain, facilitate bone healing, prevent further vertebral body collapse, and
decrease adjacent paraspinal muscle spasm by providing axial support [44, 53, 59—
62]. Several bracing options are available for stable fractures including the Jewitt
and CASH (Cruciform Anterior Spinal Hyperextension) orthoses. These braces pro-
vide a ridged 3-point contact system to promote neutral spine posture and limit
flexion of the thoracic spine and thoracolumbar junction [61, 63]. Semi-ridged or
flexible orthoses may also be appropriate for some patients and have been shown to
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Fig.11.9 Sagittal CT
scan demonstrating a
severe T9 VCF with mild
posterior retropulsion

provide equivalent outcomes when compared to rigid bracing [58]. As pain sub-
sides, braces should be weaned to avoid weakening of the axial musculature. Though
some patients do find benefit from bracing, the most recent American Association of
Orthopedic Surgeons guideline was unable to recommend for or against spinal brac-
ing in patients with osteoporotic VCF, citing an overall lack of high-quality evi-
dence [53].

Physical Therapy and Exercise

Physical therapy and directed exercise may also be employed as part of the multi-
modal treatment plan. Goals should include developing an individualized program
focused on axial strengthening, balance, proper mechanics, and pain provoking
activity modification. In addition to the positive impact of progressive resistance
training on bone mineral density, exercise can also improve quality of life and
reduce the risk of falls and fracture recurrence in patients with VCF [64-66]. A
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Fig. 11.10 Bone scan demonstrating increased radiotracer activity in a patient with several frac-
tures, including a T9 VCF

retrospective review by Huntoon et al. concluded that a program of isometric back
extensor strengthening in combination with proprioceptive postural retraining fol-
lowing osteoporotic VCF significantly decreased fracture recurrence following per-
cutaneous vertebroplasty when compared to percutaneous vertebroplasty alone (4.5
vs. 20.4 months to re-fracture) [67]. Sinaki et al. examined the long-term effects of
a 2-year resisted back extension program in healthy postmenopausal women with-
out VCF. At 8-year follow-up, they found participants had a significant reduction in
VCF risk and improved bone density compared to controls [66].

While several studies highlight the benefits of therapeutic exercise, a recent
Cochran review examining exercise for improving outcomes following VCF, both
alone or as part of a structured physical therapy intervention, drew no clinically
relevant definitive conclusions [68]. The review included nine trials (749 partici-
pants). While some studies were positive and demonstrated improved pain, physical
functioning, and quality of life, the overall quality of evidence was deemed weak.
Additionally, there is no high-quality data regarding the safety of exercise following
VCEF or the effect on subsequent fracture risk. However, in general, safe therapeutic
exercise programs can be developed based on the patient’s current musculoskeletal
status and individualized goals. Specific recommendations compiled by an expert
consensus panel include limiting physical activity to moderate intensity, incorporat-
ing daily balance training, and development of spinal extensor muscle endurance
[69]. Additional consensus recommendations included educating patients on proper
posture and body mechanics during activities of daily living and stretching muscles
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that prevent proper spinal alignment (e.g., tight pectoralis muscles causing exagger-
ated thoracic kyphosis) [69]. Finally, formal consultation with a physical therapist
may be beneficial in patients with significant pain or debility to develop an individu-
alized and graduated exercise plan [69].

Preventative Medicine & Bone Health

Interventions aimed at improving bone quality should also be addressed following
an acute osteoporotic VCF. Treatment measures for osteoporosis include nutrition
and lifestyle modification and pharmacologic therapy [70]. Lifestyle measures
include exercise, smoking cessation, avoidance of excessive alcohol consumption,
and fall prevention. Ensuring adequate calcium and vitamin D intake is also essen-
tial to bone health. The National Osteoporosis Foundation recommends a total cal-
cium intake of 1200 milligrams per day for women over the age of 50 and men over
the age of 70 and 8001000 IU of vitamin D per day for men and women age 50 and
older. Total calcium intake per day should include both dietary and supplemental
forms taken in divided doses with meals. Consideration for initiation of pharmaco-
therapy is also appropriate following osteoporotic VCF [71]. A variety of medica-
tions are currently approved for the treatment of osteoporosis, including the
bisphosphonates (alendronate, ibandronate, risedronate, and zoledronic acid),
recombinant parathyroid hormone (teriparatide), receptor activator of nuclear factor
kappa-B (RANK) ligand inhibitor (denosumab), and others. All agents act through
either antiresorptive or osteogenic mechanisms. Choice of agent should be individu-
alized and based on efficacy, safety, cost, and patient convenience [70, 72]. Referral
to an endocrinologist, osteoporosis specialist, or to a dedicated osteoporosis coordi-
nated care team should be considered to ensure patients who suffer a fracture receive
appropriate diagnosis, treatment, education, and follow-up [73-75].

Spinal Injections

A hypothesis of facet-mediated pain following VCFs has been proposed. The poste-
rior elements are thought to be strained biomechanically following a vertebral
deformity [76]. A retrospective study evaluating the difference between vertebro-
plasty and facet medial branch blocks for pain associated with one-level VCFs
found similar pain relief between the two groups at 2 years, and more cost-
effectiveness in the medial branch block group [77].

Wang, et al., evaluated the difference in clinical outcomes of 206 patients that
were randomized to undergo vertebroplasty versus facet blocks for back pain due to
VCFs. The results demonstrated significantly better pain relief and functional out-
comes a 1 week in the vertebroplasty group compared to the facet block group,
however there were no significant differences between the two groups from 1 month
to 12 months after the interventions [78]. These studies underscore the need for
larger prospective randomized controlled trials evaluating facet blocks versus sham
blocks and facet blocks versus vertebral augmentation in this patient population.
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For some patients with VCFs, the kyphosis can lead to narrowing of the neural
foramina at the level of the fractures. This can cause acute radicular pain symptoms
in the distribution of the affected exiting nerve root. Consideration can be given to
an epidural steroid injection for persistent or disabling radicular pain, however the
potential adverse impact of repeat epidural steroid injections on bone mineral den-
sity should be taken into account [79].

Vertebral Augmentation

When conservative management fails to provide adequate pain relief, surgical inter-
vention may be considered. Vertebroplasty and kyphoplasty are minimally invasive,
percutaneous vertebral augmentation procedures frequently used to treat refractory
pain secondary to osteoporotic and malignant VCF [80]. After a trial of conservative
management, patients with persistent, severe back pain and physical exam and
advanced imaging findings consistent with acute VCF (tenderness on palpation;
vertebral end plate and/or marrow edema on MRI or increased radiotracer uptake on
bone scintigraphy) are typically considered for treatment.

Vertebroplasty is a fluoroscopically guided procedure involving the percutane-
ous infusion of polymethylmethacrylate (PMMA) bone cement into the fractured
vertebral body via a transpedicular approach. The objective is to reduce pain, stabi-
lize the fractured elements, and provide structural support to the compromised tra-
becular bone. Kyphoplasty adds the additional step of inflating a balloon in the
vertebral body in order to create a cavity for PMMA injection and to attempt resto-
ration of vertebral height (Figs. 11.11, 11.12, 11.13, and 11.14). Both procedures

Fig.11.11 Lateral
fluoroscopy image
demonstrating
transpedicular kyphoplasty
balloon inflation
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Fig. 11.12 AP
fluoroscopy image
demonstrating
transpedicular kyphoplasty
balloon inflation

Fig.11.13 Lateral
fluoroscopy image
demonstrating successful
PMMA injection into
aVCF

are typically preformed on an outpatient basis, under light sedation or general anes-
thesia. Procedural complications are rare, with major complications occurring in
<1% of patients [81, 82]. Major complications include hemorrhage, osteomyelitis,
cement pulmonary embolism, new procedure-related fractures, and permanent neu-
rologic deficits [81]. Absolute contraindications to vertebral augmentation include
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Fig. 11.14 AP
fluoroscopy image
demonstrating successful
PMMA injection into
aVCF

asymptomatic VCF, uncontrollable coagulopathy, unstable spinal fracture, active
infection, or allergy to bone cement or opacification agents [83].

Although numerous studies have been published on the subject, the efficacy of
vertebral augmentation remains controversial. Several early prospective random-
ized controlled trials (RCT) demonstrated positive results. The Vertebroplasty for
Painful Chronic Osteoporotic Vertebral Fractures (VERTOS) trial, published in
2007, was the first prospective RCT comparing vertebroplasty to sham procedure
[84]. Subacute and chronic (624 weeks) VCFs were included in the analysis. This
study found significant improvement in pain scores at 24 hours post-vertebroplasty,
but the effect was lost by 2 weeks. VERTOS 11 followed in 2010 and compared early
vertebroplasty with medical management [85]. Inclusion criteria were moderate to
severe back pain, fracture age <6 weeks, focal tenderness, and bone edema on MR
imaging. At 1 month, there was significant improvement in visual analog scale
(VAS) scores in the vertebroplasty group with durability at 1-year follow-up.

The Fracture Reduction Evaluation (FREE) trial, published in 2009, was the first
RCT to compare kyphoplasty with medical management for acute and subacute
(<3 months) VCFs causing moderate to severe back pain (numeric rating scale
[NRS] >4/10) [86]. The primary end point, Short-Form-36 physical component
summary scores, significantly improved following kyphoplasty at 1 and 6 months
but the effect was lost at 24-month follow-up. This study also demonstrated a dura-
ble improvement in vertebral height restoration (27%) and kyphosis correction (3.3
degrees) at 24-month follow-up. Studies comparing vertebroplasty to kyphoplasty
have generally shown comparable efficacy in reducing pain and disability in VCF
[87-89].
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While these early studies were overall encouraging, several trials produced nega-
tive results. For example, the 2009 Investigational Vertebroplasty Safety and
Efficacy Trial (INVEST), designed to compare vertebroplasty with a sham proce-
dure, demonstrated no difference in back pain between the two groups at 1 month
[90]. Each of these early trials had limitations including lack of blinding (VERTOS
II, FREE), inclusion of chronic fractures (VERTOS, INVEST), and enrollment of
patients with moderate pain (VERTOS, VERTOS II, FREE, INVEST). Thus, debate
continued regarding the efficacy of vertebral augmentation for painful VCF.

In 2016, the double blinded Vertebroplasty for Acute Painful Osteoporotic
Fractures (VAPOUR) trial was designed to compare early vertebroplasty with sham
procedure [91]. Patient selection was much more stringent and attempted to control
for the limitations identified in prior studies. Inclusion criteria were 60 years of age
or older, severe back pain, fracture age <6 weeks, and MR imaging with edema or
SPECT CT uptake. One hundred twenty patients were enrolled and randomly
assigned to treatment or sham. The primary end point was conversion of pain from
severe (NRS >7) to mild (NRS <4) at 2-week follow-up. Significantly more patients
had an NRS <4 at 2-week follow-up in the vertebroplasty compared to sham group
(44% vs. 21%; p = 0.01), which was durable to 6 months. Mean NRS scores were
also significantly decreased in the vertebroplasty compared to sham group at all
time points up to 6 months. Additionally, vertebroplasty resulted in significantly
improved disease-specific quality of life and significantly less analgesic use at 3 and
6 months.

Finally, VERTOS IV, published in 2018, is the most recent double-blinded RCT
comparing vertebroplasty to sham procedure in VCF [92]. Inclusion criteria included
fracture age <6 weeks, VAS score >5, focal back pain, and edema on MRI. Due to
slow recruitment, inclusion of fractures up to 9 weeks was ultimately allowed. One
hundred and eighty patients were randomized to vertebroplasty or sham. Results
revealed VAS scores, the primary end point, did not differ between the two groups
at any time point from 1-day to 1-year follow-up. Notably, pain in both groups sig-
nificantly improved at all time points. By 12-month follow-up, mean VAS scores
had declined by 5.00 in the vertebroplasty group and 4.75 in the sham group.

Interpretation of the available evidence is challenging given the heterogeneity of
study inclusion criteria, open vs. blinded design, and variable use of sham proce-
dure. Questions remain regarding the optimal timing of intervention and which
patient characteristics indicate favorable outcome. Overall, evidence has shown that
those with acute fractures (<6 weeks) and severe pain may benefit from vertebral
augmentation. This statement is consistent with the recommendations of a multiso-
ciety interventional spine panel which found vertebral augmentation to be a safe and
valid treatment option for painful VCF refractory to medical management [82].
Further high-quality studies may also aid in defining the long-term impact of verte-
bral augmentation on other important outcome measures such as fall risk, adjacent
fracture risk, future vertebral height loss and kyphosis.

In summary, a multimodal approach to the management of painful VCF is often
necessary. While most patients achieve adequate pain controlled with conservative
measures alone, vertebral augmentation may be considered for those with severe,
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refractory pain following acute VCF. In addition to controlling pain and promoting
function, timely evaluation and treatment of bone health is of high importance.
Successful management may also necessitate coordination across a multidisci-
plinary team, including the primary care physician, endocrinologist or osteoporosis
specialist, oncologist and radiation oncologist when malignancy is known or sus-
pected, and interventional spine specialist [33]. Further high-quality studies are
needed to better inform individualized management strategies.

Conclusion

VCFs are a common cause of back pain and disability, especially in the elderly.
While osteoporosis in the most likely etiology, other causes, such as malignancy,
must not be overlooked. Although most VCFs are asymptomatic, some patients may
experience significant fracture-related pain and functional deficits resulting in poor
quality of life and high socioeconomic costs. Diagnostic studies may include plain
film radiographs or more advanced imagining, such as MRI. The patient history and
physical exam are important and often aid in establishing the diagnosis and fracture
acuity. Timely evaluation and optimization of bone health following an osteoporotic
VCEF is important in reducing the risk of new fractures. When indicated, treatment
of osteoporosis should be initiated given the high risk of subsequent fracture. Most
patients who suffer an acute VCF respond to conservative management, with pain
gradually resolving over several weeks. Successful conservative treatment is often
multimodal and may include medications for pain control, physical therapy, and
spinal bracing. For those patients with an acute fracture who continue to experience
significant pain, despite a trial of conservative therapy, vertebral augmentation can
be considered.

References

1. Riggs BL, Melton LJ 3rd. The worldwide problem of osteoporosis: insights afforded by epide-
miology. Bone. 1995;17(5 Suppl):505S-118S.

2. Cauley JA, Hochberg MC, Lui LY, Palermo L, Ensrud KE, Hillier TA, et al. Long-term risk of
incident vertebral fractures. JAMA. 2007;298(23):2761-7.

3. Nevitt MC, Cummings SR, Stone KL, Palermo L, Black DM, Bauer DC, et al. Risk factors for
a first-incident radiographic vertebral fracture in women > or = 65 years of age: the study of
osteoporotic fractures. J Bone Miner Res. 2005;20(1):131-40.

4. Wright NC, Looker AC, Saag KG, Curtis JR, Delzell ES, Randall S, et al. The recent preva-
lence of osteoporosis and low bone mass in the United States based on bone mineral density at
the femoral neck or lumbar spine. ] Bone Miner Res. 2014;29(11):2520-6.

5. Alexandru D, So W. Evaluation and management of vertebral compression fractures. Perm
J.2012;16(4):46-51.

6. Kanis JA. Diagnosis of osteoporosis and assessment of fracture risk. Lancet.
2002;359(9321):1929-36.

7. Melton LJ 3rd. Epidemiology of spinal osteoporosis. Spine (Phila Pa 1976). 1997;22(24
Suppl):2s—11s.



246 A. Patel and B. Page

8. Melton LJ 3rd, Lane AW, Cooper C, Eastell R, O'Fallon WM, Riggs BL. Prevalence and inci-
dence of vertebral deformities. Osteoporos Int. 1993;3(3):113-9.

9. Lindsay R, Silverman SL, Cooper C, Hanley DA, Barton I, Broy SB, et al. Risk of new verte-
bral fracture in the year following a fracture. JAMA. 2001;285(3):320-3.

10. Ross PD, Davis JW, Epstein RS, Wasnich RD. Pre-existing fractures and bone mass predict
vertebral fracture incidence in women. Ann Intern Med. 1991;114(11):919-23.

11. Hernandez RK, Wade SW, Reich A, Pirolli M, Liede A, Lyman GH. Incidence of bone metas-
tases in patients with solid tumors: analysis of oncology electronic medical records in the
United States. BMC Cancer. 2018;18(1):44.

12. Anselmetti GC, Manca A, Montemurro F, Hirsch J, Chiara G, Grignani G, et al. Percutaneous
vertebroplasty in multiple myeloma: prospective long-term follow-up in 106 consecutive
patients. Cardiovasc Intervent Radiol. 2012;35(1):139-45.

13. Fink HA, Milavetz DL, Palermo L, Nevitt MC, Cauley JA, Genant HK, et al. What proportion
of incident radiographic vertebral deformities is clinically diagnosed and vice versa? J Bone
Miner Res. 2005;20(7):1216-22.

14. Cook DJ, Guyatt GH, Adachi JD, Clifton J, Griffith LE, Epstein RS, et al. Quality of life issues
in women with vertebral fractures due to osteoporosis. Arthritis Rheum. 1993;36(6):750-6.

15. Jung HJ, Park YS, Seo HY, Lee JC, An KC, Kim JH, et al. Quality of life in patients with
osteoporotic vertebral compression fractures. ] Bone Metab. 2017;24(3):187-96.

16. Ross PD. Clinical consequences of vertebral fractures. Am J Med. 1997;103(2A):30S—42S;
discussion S-3S.

17. Suzuki N, Ogikubo O, Hansson T. The course of the acute vertebral body fragility fracture: its
effect on pain, disability and quality of life during 12 months. Eur Spine J. 2008;17(10):1380-90.

18. Gold DT. The clinical impact of vertebral fractures: quality of life in women with osteoporosis.
Bone. 1996;18(3 Suppl):1855-9S.

19. Kim KW, Cho KJ, Kim SW, Lee SH, An MH, Im JH. A nation-wide, outpatient-based survey
on the pain, disability, and satisfaction of patients with osteoporotic vertebral compression
fractures. Asian Spine J. 2013;7(4):301-7.

20. Suzuki N, Ogikubo O, Hansson T. Previous vertebral compression fractures add to the dete-
rioration of the disability and quality of life after an acute compression fracture. Eur Spine
J.2010;19(4):567-74.

21. Cooper C, Atkinson EJ, Jacobsen SJ, O'Fallon WM, Melton LJ 3rd. Population-based study of
survival after osteoporotic fractures. Am J Epidemiol. 1993;137(9):1001-5.

22. Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A, Tosteson A. Incidence and eco-
nomic burden of osteoporosis-related fractures in the United States, 2005-2025. J Bone Miner
Res. 2007;22(3):465-75.

23. Williams SA, Chastek B, Sundquist K, Barrera-Sierra S, Leader D Jr, Weiss RJ, et al.
Economic burden of osteoporotic fractures in US managed care enrollees. Am J Manag Care.
2020:;26(5):e142—€9.

24. Dolan P, Torgerson DJ. The cost of treating osteoporotic fractures in the United Kingdom
female population. Osteoporos Int. 1998;8(6):611-7.

25. Gehlbach SH, Burge RT, Puleo E, Klar J. Hospital care of osteoporosis-related vertebral frac-
tures. Osteoporos Int. 2003;14(1):53-60.

26. Freedman BA, Potter BK, Nesti LJ, Giuliani JR, Hampton C, Kuklo TR. Osteoporosis and
vertebral compression fractures-continued missed opportunities. Spine J. 2008;8(5):756-62.

27. Patel U, Skingle S, Campbell GA, Crisp AJ, Boyle IT. Clinical profile of acute vertebral com-
pression fractures in osteoporosis. Br J Rheumatol. 1991;30(6):418-21.

28. Ughwanogho E, Hebela NM. Vertebral compression fractures. In: Pignolo RJ, Keenan MA,
Hebela NM, editors. Fractures in the elderly: a guide to practical management. Totowa, NJ:
Humana Press; 2011. p. 225-37.

29. Rosen H, Walega D. Osteoporotic thoracolumbar vertebral compression fractures: Clinical
manifestations and treatment. Waltham, MA: Up-to-Date [database on the Internet]; 2020.
Available from: http://uptodate.com.


http://uptodate.com

1

Vertebral Compression Fractures 247

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Langdon J, Way A, Heaton S, Bernard J, Molloy S. Vertebral compression fractures--new
clinical signs to aid diagnosis. Ann R Coll Surg Engl. 2010;92(2):163-6.

Tay BKB, Freedman BA, Rhee JM, Boden SD, Skinner HB. Chapter 4. Disorders, diseases,
and injuries of the spine. In: Skinner HB, PJ] MM, editors. Current diagnosis & treatment in
orthopedics. 5th ed. New York, NY: The McGraw-Hill Companies; 2014.

Heggeness MH. Spine fracture with neurological deficit in osteoporosis. Osteoporos Int.
1993;3(4):215-21.

Expert Panels on Neurological Imaging IR, Musculoskeletal I, Shah LM, Jennings JW, CFE K,
Hohenwalter EJ, et al. ACR appropriateness criteria((R)) management of vertebral compres-
sion fractures. J Am Coll Radiol. 2018;15(11S):S347-S64.

Donnally III C, DiPompeo C, Varacallo M. Vertebral compression fractures. Treasure Island,
FL: StatPearls Publishing; 2020 [08 Nov 2020]. Available from: https://www.ncbi.nlm.nih.
gov/books/NBK448171/.

Jarraya M, Hayashi D, Griffith J, Guermazi A, Genant H. Identification of vertebral frac-
tures. In: Guglielmi G, editor. Osteoporosis and bone densitometry measurements. Berlin,
Heidelberg: Springer Berlin Heidelberg; 2013. p. 41-55.

Mauch JT, Carr CM, Cloft H, Diehn FE. Review of the Imaging features of benign osteoporotic
and malignant vertebral compression fractures. AJNR Am J Neuroradiol. 2018;39(9):1584-92.
Thawait S, Marcus M, Morrison W, Klufas R, Eng J, Carrino J. Research synthesis: what is the
diagnostic performance of magnetic resonance imaging to discriminate benign from malignant
vertebral compression fractures? Systematic review and meta-analysis. Spine (Phila Pa 1976).
2012;37(12):E736-44.

Stallmeyer MJB, Zoarski GH. Patient evaluation and selection. In: Mathis JM, Deramond H,
Belkoff SM, editors. Percutaneous nertebroplasty. New York, NY: Springer New York; 2002.
p. 41-60.

Silverman SL. The clinical consequences of vertebral compression fracture. Bone.
1992;13(Suppl 2):S27-31.

Chan FK, Lanas A, Scheiman J, Berger MF, Nguyen H, Goldstein JL. Celecoxib versus
omeprazole and diclofenac in patients with osteoarthritis and rheumatoid arthritis (CONDOR):
a randomised trial. Lancet. 2010;376(9736):173-9.

Emery P, Zeidler H, Kvien TK, Guslandi M, Naudin R, Stead H, et al. Celecoxib versus diclof-
enac in long-term management of rheumatoid arthritis: randomised double-blind comparison.
Lancet. 1999;354(9196):2106—11.

Simon LS, Weaver AL, Graham DY, Kivitz AJ, Lipsky PE, Hubbard RC, et al. Anti-
inflammatory and upper gastrointestinal effects of celecoxib in rheumatoid arthritis: a random-
ized controlled trial. JAMA. 1999;282(20):1921-8.

Dodwell ER, Latorre JG, Parisini E, Zwettler E, Chandra D, Mulpuri K, et al. NSAID exposure
and risk of nonunion: a meta-analysis of case-control and cohort studies. Calcif Tissue Int.
2010;87(3):193-202.

Longo UG, Loppini M, Denaro L, Maffulli N, Denaro V. Conservative management of
patients with an osteoporotic vertebral fracture: a review of the literature. J Bone Joint Surg
Br. 2012;94(2):152-7.

Alvarez CA, Mortensen EM, Makris UE, Berlowitz DR, Copeland LA, Good CB, et al.
Association of skeletal muscle relaxers and antihistamines on mortality, hospitalizations, and
emergency department visits in elderly patients: a nationwide retrospective cohort study. BMC
Geriatr. 2015;15:2.

Derry S, Bell RF, Straube S, Wiffen PJ, Aldington D, Moore RA. Pregabalin for neuropathic
pain in adults. Cochrane Database Syst Rev. 2019;1(1):CD007076.

Wiffen PJ, Derry S, Bell RF, Rice AS, Tolle TR, Phillips T, et al. Gabapentin for chronic neu-
ropathic pain in adults. Cochrane Database Syst Rev. 2017;6(6):CD007938.

Abdulla A, Adams N, Bone M, Elliott AM, Gaffin J, Jones D, et al. Guidance on the manage-
ment of pain in older people. Age Ageing. 2013;42 Suppl 1:11-57.


https://www.ncbi.nlm.nih.gov/books/NBK448171/
https://www.ncbi.nlm.nih.gov/books/NBK448171/

248 A. Patel and B. Page

49. Finnerup NB, Attal N, Haroutounian S, McNicol E, Baron R, Dworkin RH, et al.
Pharmacotherapy for neuropathic pain in adults: a systematic review and meta-analysis.
Lancet Neurol. 2015;14(2):162-73.

50. Rolita L, Spegman A, Tang X, Cronstein BN. Greater number of narcotic analgesic prescrip-
tions for osteoarthritis is associated with falls and fractures in elderly adults. J Am Geriatr Soc.
2013;61(3):335-40.

51. Solomon DH, Rassen JA, Glynn RJ, Garneau K, Levin R, Lee J, et al. The comparative safety
of opioids for nonmalignant pain in older adults. Arch Intern Med. 2010;170(22):1979-86.

52. Lyritis GP, Paspati I, Karachalios T, Ioakimidis D, Skarantavos G, Lyritis PG. Pain relief from
nasal salmon calcitonin in osteoporotic vertebral crush fractures. A double blind, placebo-
controlled clinical study. Acta Orthop Scand Suppl. 1997;275:112—-4.

53. Esses SI, McGuire R, Jenkins J, Finkelstein J, Woodard E, Watters WC 3rd, et al. American
Academy of Orthopaedic Surgeons clinical practice guideline on: the treatment of osteoporotic
spinal compression fractures. J Bone Joint Surg Am. 2011;93(20):1934-6.

54. Azria M. Possible mechanisms of the analgesic action of calcitonin. Bone. 2002;30(5
Suppl):80S-3S.

55. Ofluoglu D, Akyuz G, Unay O, Kayhan O. The effect of calcitonin on beta-endorphin levels in
postmenopausal osteoporotic patients with back pain. Clin Rheumatol. 2007;26(1):44-9.

56. Knopp-Sihota JA, Newburn-Cook CV, Homik J, Cummings GG, Voaklander D. Calcitonin
for treating acute and chronic pain of recent and remote osteoporotic vertebral compression
fractures: a systematic review and meta-analysis. Osteoporos Int. 2012;23(1):17-38.

57. Wells G, Chernoff J, Gilligan JP, Krause DS. Does salmon calcitonin cause cancer? A review
and meta-analysis. Osteoporos Int. 2016;27(1):13-9.

58. Kato T, Inose H, Ichimura S, Tokuhashi Y, Nakamura H, Hoshino M, et al. Comparison of rigid
and soft-brace treatments for acute osteoporotic vertebral compression fracture: a prospective,
randomized, multicenter study. J Clin Med. 2019;8(2)

59. Meccariello L, Muzii VF, Falzarano G, Medici A, Carta S, Fortina M, et al. Dynamic corset
versus three-point brace in the treatment of osteoporotic compression fractures of the thoracic
and lumbar spine: a prospective, comparative study. Aging Clin Exp Res. 2017;29(3):443-9.

60. Pfeifer M, Begerow B, Minne HW. Effects of a new spinal orthosis on posture, trunk strength,
and quality of life in women with postmenopausal osteoporosis: a randomized trial. Am J Phys
Med Rehabil. 2004;83(3):177-86.

61. Prather H, Watson JO, Gilula LA. Nonoperative management of osteoporotic vertebral com-
pression fractures. Injury. 2007;38(Suppl 3):S40-8.

62. Stadhouder A, Buskens E, Vergroesen DA, Fidler MW, de Nies F, Oner FC. Nonoperative
treatment of thoracic and lumbar spine fractures: a prospective randomized study of different
treatment options. J Orthop Trauma. 2009;23(8):588-94.

63. Newman M, Minns Lowe C, Barker K. Spinal orthoses for vertebral osteoporosis and osteopo-
rotic vertebral fracture: a systematic review. Arch Phys Med Rehabil. 2016;97(6):1013-25.

64. Sinaki M. Exercise for patients with osteoporosis: management of vertebral compression frac-
tures and trunk strengthening for fall prevention. PM R. 2012;4(11):882-8.

65. Papaioannou A, Adachi JD, Winegard K, Ferko N, Parkinson W, Cook RJ, et al. Efficacy of
home-based exercise for improving quality of life among elderly women with symptomatic
osteoporosis-related vertebral fractures. Osteoporos Int. 2003;14(8):677-82.

66. Sinaki M, Itoi E, Wahner HW, Wollan P, Gelzcer R, Mullan BP, et al. Stronger back muscles
reduce the incidence of vertebral fractures: a prospective 10 year follow-up of postmenopausal
women. Bone. 2002;30(6):836—41.

67. Huntoon EA, Schmidt CK, Sinaki M. Significantly fewer refractures after vertebro-
plasty in patients who engage in back-extensor-strengthening exercises. Mayo Clin Proc.
2008;83(1):54-7.

68. Gibbs JC, Maclntyre NJ, Ponzano M, Templeton JA, Thabane L, Papaioannou A, et al.
Exercise for improving outcomes after osteoporotic vertebral fracture. Cochrane Database
Syst Rev. 2019;7(7):CD008618.



Vertebral Compression Fractures 249

69.

70.

71.

72.

73.

74.

75.

76.

1.

78.

79.

80.

81.

82.

83.

84.

85.

Giangregorio LM, McGill S, Wark JD, Laprade J, Heinonen A, Ashe MC, et al. Too Fit To
Fracture: outcomes of a Delphi consensus process on physical activity and exercise recom-
mendations for adults with osteoporosis with or without vertebral fractures. Osteoporos Int.
2015;26(3):891-910.

Eastell R, Rosen CJ, Black DM, Cheung AM, Murad MH, Shoback D. Pharmacological man-
agement of osteoporosis in postmenopausal women: an endocrine society* clinical practice
guideline. J Clin Endocrinol Metab. 2019;104(5):1595-622.

Cosman F, de Beur SJ, LeBoff MS, Lewiecki EM, Tanner B, Randall S, et al. Clinician's guide
to prevention and treatment of osteoporosis. Osteoporos Int. 2014;25(10):2359-81.
Barrionuevo P, Gionfriddo MR, Castaneda-Guarderas A, Zeballos-Palacios C, Bora P,
Mohammed K, et al. Women's values and preferences regarding osteoporosis treatments: a
systematic review. J Clin Endocrinol Metab. 2019;104(5):1631-6.

Camacho PM, Petak SM, Binkley N, Diab DL, Eldeiry LS, Farooki A, et al. American
Association of Clinical Endocrinologists/American College of Endocrinology Clinical
Practice Guidelines for the Diagnosis and Treatment of Postmenopausal Osteoporosis-2020
Update. Endocr Pract. 2020;26(Suppl 1):1-46.

Eisman JA, Bogoch ER, Dell R, Harrington JT, McKinney RE Jr, McLellan A, et al. Making
the first fracture the last fracture: ASBMR task force report on secondary fracture prevention.
J Bone Miner Res. 2012;27(10):2039-46.

Dumitrescu B, van Helden S, ten Broeke R, Nieuwenhuijzen-Kruseman A, Wyers C, Udrea G,
et al. Evaluation of patients with a recent clinical fracture and osteoporosis, a multidisciplinary
approach. BMC Musculoskelet Disord. 2008;9:109.

Bogduk N, MacVicar J, Borowczyk J. The pain of vertebral compression fractures can arise in
the posterior elements. Pain Med. 2010;11(11):1666-73.

Bae IS, Chun HJ, Bak KH, Yi HJ, Choi KS, Kim KD. Medial branch block versus verte-
broplasty for 1-level osteoporotic vertebral compression fracture: 2-year retrospective study.
World Neurosurg. 2019;122:e1599-e605.

Wang B, Guo H, Yuan L, Huang D, Zhang H, Hao D. A prospective randomized controlled
study comparing the pain relief in patients with osteoporotic vertebral compression fractures
with the use of vertebroplasty or facet blocking. Eur Spine J. 2016;25(11):3486-94.

Nah SY, Lee JH, Lee JH. Effects of epidural steroid injections on bone mineral density and
bone turnover markers in patients taking anti-osteoporotic medications. Pain Physician.
2018;21(4):E435—e47.

Gray DT, Hollingworth W, Onwudiwe N, Jarvik JG. Costs and state-specific rates of thoracic
and lumbar vertebroplasty, 2001-2005. Spine (Phila Pa 1976). 2008;33(17):1905-12.
Baerlocher MO, Saad WE, Dariushnia S, Barr JD, McGraw JK, Nikolic B, et al. Quality improve-
ment guidelines for percutaneous vertebroplasty. J Vasc Interv Radiol. 2014;25(2):165-70.
Barr JD, Jensen ME, Hirsch JA, JK MG, Barr RM, Brook AL, et al. Position statement on
percutaneous vertebral augmentation: a consensus statement developed by the Society of
Interventional Radiology (SIR), American Association of Neurological Surgeons (AANS)
and the Congress of Neurological Surgeons (CNS), American College of Radiology (ACR),
American Society of Neuroradiology (ASNR), American Society of Spine Radiology (ASSR),
Canadian Interventional Radiology Association (CIRA), and the Society of NeuroInterventional
Surgery (SNIS). J Vasc Interv Radiol. 2014;25(2):171-81.

Tsoumakidou G, Too CW, Koch G, Caudrelier J, Cazzato RL, Garnon J, et al. CIRSE guidelines
on percutaneous vertebral augmentation. Cardiovasc Intervent Radiol. 2017;40(3):331-42.
Voormolen MH, Mali WP, Lohle PN, Fransen H, Lampmann LE, van der Graaf Y, et al.
Percutaneous vertebroplasty compared with optimal pain medication treatment: short-term
clinical outcome of patients with subacute or chronic painful osteoporotic vertebral compres-
sion fractures. The VERTOS study. AJNR Am J Neuroradiol. 2007;28(3):555-60.

Klazen CA, Lohle PN, de Vries J, Jansen FH, Tielbeek AV, Blonk MC, et al. Vertebroplasty
versus conservative treatment in acute osteoporotic vertebral compression fractures (Vertos II):
an open-label randomised trial. Lancet. 2010;376(9746):1085-92.



250 A. Patel and B. Page

86. Wardlaw D, Cummings SR, Van Meirhaeghe J, Bastian L, Tillman JB, Ranstam J, et al.
Efficacy and safety of balloon kyphoplasty compared with non-surgical care for vertebral com-
pression fracture (FREE): a randomised controlled trial. Lancet. 2009;373(9668):1016-24.

87. Dohm M, Black CM, Dacre A, Tillman JB, Fueredi G, investigators K. A randomized trial
comparing balloon kyphoplasty and vertebroplasty for vertebral compression fractures due to
osteoporosis. AJNR Am J Neuroradiol. 2014;35(12):2227-36.

88. Evans AJ, Kip KE, Brinjikji W, Layton KF, Jensen ML, Gaughen JR, et al. Randomized con-
trolled trial of vertebroplasty versus kyphoplasty in the treatment of vertebral compression
fractures. J Neurointerv Surg. 2016;8(7):756-63.

89. Liu JT, Li CS, Chang CS, Liao W1J. Long-term follow-up study of osteoporotic vertebral com-
pression fracture treated using balloon kyphoplasty and vertebroplasty. J Neurosurg Spine.
2015;23(1):94-8.

90. Kallmes DF, Comstock BA, Heagerty PJ, Turner JA, Wilson DJ, Diamond TH, et al. A random-
ized trial of vertebroplasty for osteoporotic spinal fractures. N Engl J Med. 2009;361(6):569-79.

91. Clark W, Bird P, Gonski P, Diamond TH, Smerdely P, McNeil HP, et al. Safety and efficacy of
vertebroplasty for acute painful osteoporotic fractures (VAPOUR): a multicentre, randomised,
double-blind, placebo-controlled trial. Lancet. 2016;388(10052):1408-16.

92. Firanescu CE, de Vries J, Lodder P, Venmans A, Schoemaker MC, Smeets AJ, et al.
Vertebroplasty versus sham procedure for painful acute osteoporotic vertebral compression
fractures (VERTOS IV): randomised sham controlled clinical trial. BMJ. 2018;361:k1551.



	11: Vertebral Compression Fractures
	Introduction
	Epidemiology and Risk Factors
	Global Effects of VCF
	Evaluation
	Management
	Medications for Pain Control
	Spinal Bracing
	Physical Therapy and Exercise
	Preventative Medicine & Bone Health
	Spinal Injections
	Vertebral Augmentation

	Conclusion
	References


