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Background: Vertebral compression fractures are most commonly related to osteoporosis or 

cancer, both of which are on the rise throughout the world. Once a vertebra is fractured, gradual 

deterioration of quality of life due to crippling pain and spinal instability usually  follows. 

Although a number of traditional management options have been available to promote pain 

relief and to allow for increased activities, such as bed rest, bracing, pain medications, and light 

exercise programs, these have limited effectiveness in the majority of patients. Over 20 years 

ago, percutaneous vertebroplasty, which is a minimally invasive procedure consisting of the 

injection of polymethylmethacrylate directly into the fractured vertebra, emerged as an effec-

tive treatment. Various vertebral augmentation procedures were subsequently designed, all of 

which aim at eliminating pain, limiting or reversing vertebral collapse, and providing stability 

to the affected segment of the spine.

Objective: This article discusses clinical aspects of vertebral compression fractures, current 

indications and contraindications and summarizes technical aspects of vertebroplasty, kypho-

plasty, lordoplasty, and device-implanting vertebral augmentation procedures. Treatment 

effectiveness, which is significant despite recent criticism of vertebroplasty and other vertebral 

augmentation procedures, is also discussed. As economic pressures on health care systems are 

increasing in all countries, it is expected that the appropriateness, clinical effectiveness, and 

cost-effectiveness of vertebral augmentation procedures will be increasingly established by 

outcome analyses.

Conclusion: It is important that physicians are familiar with vertebroplasty and other procedures 

designed to treat vertebral fractures in patients with advanced osteoporosis or cancer. These 

fractures, which are common and often crippling, had no real effective treatment until the advent 

of vertebroplasty. The feasibility and effectiveness of vertebral augmentation procedures are 

high, whereas the complication rates and overall costs are relatively low.

Keywords: vertebral fracture, osteoporosis, vertebroplasty, kyphoplasty, vertebral 

augmentation

In 1984, Hervé Deramond, a neuroradiologist from Amiens, France, treated a young 

female patient with a destructive hemangioma of the dens axis causing intractable 

cervical pain and instability. He used a percutaneous injection of acrylic cement in the 

vertebra, which resulted in profound, permanent pain relief and improved craniocervical 

stability.1 Soon afterwards, Deramond and colleagues applied the same technique, then 

dubbed “vertebroplasty,” to the treatment of painful, osteoporosis-induced thoracic or 

lumbar vertebral fractures.2 Since then, there has been a worldwide spread in the use of 

the procedure, which has had a major impact in the past twenty years on the manage-

ment of vertebral compression fractures of all etiologies. Many patients could now look 
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forward to a decent quality of life instead of constant pain and 

disability. A number of variations in the technique initially 

described by Deramond have been subsequently designed, 

all aiming at restoring some degree of height to the treated 

vertebra, such as kyphoplasty, lordoplasty, and device-

implanting procedures, all of which appear to provide pain 

relief rates similar to vertebroplasty, commonly in the 90% 

range. The role of technological improvements in the original 

procedure will continue to be defined as data continue to be 

collected. Although the appropriateness of vertebroplasty 

has been recently challenged, over twenty years of strong 

evidence of its effectiveness speak to its clinical usefulness. 

Ongoing outcome studies will likely contribute positively to 

establish further the value of the procedure.

Patient population
The vast majority of vertebral compression fractures are due 

to osteoporosis, which is more prevalent than previously 

thought. In the United States alone, approximately 44 million 

Americans, representing 55% of the adult population over 

the age 50, have either osteoporosis or osteopenia, and many 

of the 10 million Americans who have osteoporosis are 

undiagnosed.3 Although osteoporosis affects predominantly 

females in the post-menopausal period, males are affected 

to almost the same extent, as shown by standards of bone 

mass measurement.

In addition, vertebral fractures are the most common 

osteoporosis-related fractures.4 Although prevalence esti-

mates are imprecise, partly because of variability in how 

vertebral fractures are defined, in 2006, approximately 

1.4 million patients worldwide but mostly in Europe and 

the United States were diagnosed with vertebral compres-

sion fractures, which cause measurable excess mortality 

and morbidity.5 In the United States alone, of approximately 

750,000 vertebral fractures diagnosed each year, only one 

third receive treatment.6 Furthermore, direct care expendi-

tures for osteoporotic fractures in the United States in 2002 

were estimated to range from $12 billion to $18 billion.6 

Although no single accurate method helps predict which 

patients are at most risk for fractures, some observations may 

provide clues. Siminoski et al pointed out that a significant 

loss in height (4 cm or more) within a short period indicates 

a higher likelihood of developing a vertebral fracture.7

Once an osteoporotic vertebral fracture (Figure 1) has 

declared itself, there is a significant increase in the load on 

muscles, ligaments, and facets, which may cause muscle 

spasm and precipitate facet arthropathy, therefore trigger-

ing additional pain-generating mechanisms. In addition, the 

D E F
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Figure 1 71-year-old female with painful osteoporotic fracture of L1. Edematous 
cleft within midsection of vertebral body does not fill homogeneously with cement 
during vertebroplasty. Complete pain relief.
Notes: MRI of the lumbar spine, sagittal T1- (A) and T2-weighted (B) shows cleft of 
bone marrow edema (arrow) within the midsection of L1 vertebral body. (C and D) 
placement of curved needle (arrow) within the midsection of L1. (E and F) L1 
vertebral body shows good cement filling, with, however, less homogeneous cement 
concentration within the area of bone marrow edema (arrow).

center of gravity is displaced forward with angular kyphosis, 

causing an increased risk for falls and additional axial and 

appendicular fractures. The progression of kyphotic defor-

mity is another significant source of morbidity because it 

causes a gradual reduction in lung capacity with a resultant 

higher risk of pulmonary infections. Severe kyphosis may 

eventually trigger sternal fractures, which can significantly 

interfere with breathing and eating, further precipitating the 

patient’s demise.

Neoplastic vertebral fractures are second in prevalence 

to osteoporosis-related fractures. Metastatic lesions, which 

typically accelerate osteoclastic activity, increase bone 

resorption and frequently involve the spinal column. These 

include breast, lung, and prostate cancers, multiple myeloma 

(Figure 2), lymphoma, and leukemia. Metastatic vertebral 

fractures require evaluation not only for their degree of 

vertebral compression but also for the integrity of the verte-

bral body posterior wall, epidural and paraspinal extension, 

presence of associated lesions, and degree of vascularity, all 

of which may significantly affect prognosis and treatment 

planning. Advanced destructive lesions may threaten spinal 

canal integrity and cause neurological deterioration.8 Normal 
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intervention, particularly the lack of surgical complications.13 

In 2005, Amoretti et al reported a series of four patients with 

burst fractures treated with vertebroplasty, with resultant 

either complete or significant partial pain relief.14 The same 

year, Acosta et al reported their experience with kyphoplasty 

and short segment pedicle screw fixation for the treatment of 

burst fractures of the lumbar spine in five patients.15 Extensive 

clinical and radiological data were obtained in their patients, 

including measurements of kyphotic angulation, anterior 

BA

EDC

Figure 2 58-year-old female with multiple myeloma and painful T11 compression 
fracture with 50% height loss. Following kyphoplasty, there is approximately 40% 
vertebral height recovery and complete pain relief.
Notes: (A) X-ray of the thoraco-lumbar spine, lateral view, shows a fracture of 
the superior endplate of T11 with about 50% height loss (arrows). (B) Kyphoplasty, 
anteroposterior view shows bowing of superior endplate of T11 with two balloons 
(arrows). (C) Kyphoplasty, lateral view shows significant reduction with two 
balloons (arrows). (D) Thoraco-lumbar spine X-ray, anteroposterior view shows 
excellent cement filling of T11 and height recovery (arrows). (E) Thoraco-lumbar 
spine X-ray, lateral view, shows excellent cement filling of T11 and significant height 
recovery (arrows).

A B C 
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Figure 3 Radiological appearance of painful T12 vertebral body hemangioma in 
48-year-old female. Following vertebroplasty, there is complete pain resolution.
Notes: (A) X-ray of the thoraco-lumbar spine, lateral view, shows typical 
“corduroy” appearance of T12 vertebra (arrow). (B) CT of thoracic spine, sagittal 
reconstruction, shows hemangioma (arrow). (C) CT of thoracic spine, axial view 
at level of T12, shows hemangioma (arrow). (D) MRI, T1-weighted sagittal view, 
shows typical T1 hyperintense appearance of T12 vertebral hemangioma (arrow). 
(E) MRI, T2-weighted sagittal view, shows mixed appearance of T12 vertebral 
hemangioma (arrow). (F) Thoraco-lumbar spine X-ray, lateral view, shows 
excellent cement filling of T12 after vertebroplasty (arrow). (G) Thoraco-lumbar 
spine X-ray, anteroposterior view, shows excellent cement filling of T12 after 
vertebroplasty (arrow).

physiologic loads on the spinal column, such as walking, 

standing, and sitting may trigger severe bone pain in destruc-

tive fractures, which promotes inactivity and a vicious cycle 

of ensuing increased bone loss.9

Although uncommon, vertebral hemangiomas may cause 

compression fractures. The overwhelming majority are 

benign, but hemangiomas may become “aggressive” and 

cause severe pain or compression of the spinal cord or nerve 

roots, requiring therapy (Figure 3).1,10–12

Traumatic vertebral fractures that do not respond to 

conservative therapy may respond to vertebral augmentation 

(Figure 4). Currently, there is controversy and significant vari-

ability regarding the management of thoracic or lumbar burst 

fractures. Conservative therapy may result in significant nar-

cotic intake, lack of fracture reduction, and reduced mobility, 

whereas surgical management has non-negligible risk, includ-

ing hardware failure.13–16 In 2004, Chen and Lee reported on 

a young patient with work-related burst fractures of three 

lumbar vertebrae in whom vertebroplasty allowed complete 

pain relief and stabilization. They further commented on 

the comparative superiority of percutaneous over operative 

BA C

Figure 4 62-year-old female with painful T12 compression fracture. The patient 
incurred the fracture at the age of 16 after a fall while horseback riding. Following 
vertebroplasty, pain that had been constant for 46 years resolved completely.
Notes: (A) X-ray of the thoraco-lumbar spine, lateral view, shows a chronic 
fracture of the superior endplate of T12 (arrow). (B) Thoraco-lumbar spine X-ray, 
anteroposterior view, shows excellent cement filling of T12 after vertebroplasty 
(arrow). (C) Thoraco-lumbar spine X-ray, lateral view, shows excellent cement 
filling of T12 after vertebroplasty (arrow).
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vertebral body height, and evidence of bone fusion, which 

supported the authors’ conclusion that kyphoplasty may 

improve the long-term integrity of short-segment pedicle 

screw constructs and allow for improved rates of fusion 

and better outcomes in patients with traumatic lumbar burst 

fractures.15

In 2009, Knavel et al reported a large series of traumatic 

vertebral fractures and concluded that vertebroplasty may 

be used successfully and safely in instead of more invasive 

spinal reconstruction techniques.16 In 2010, Hartmann et al 

reported on 26 patients with unstable traumatic lumbar burst 

fractures (Magerl type A3) treated with kyphoplasty. The 

patients were extensively assessed pre- and post-operatively 

both clinically (ie, neurological examination, visual analogue 

pain scale, Oswestry disability score, and SF-36 functional 

score) and radiologically (ie, sagittal index, wedge angle, 

and modified Cobb angle). They concluded that kyphoplasty 

consistently obtains correction of kyphosis, fracture stabi-

lization, pain reduction, and early mobilization.18 Overall, 

in traumatic fractures, it appears that vertebroplasty and 

kyphoplasty have very low complication rates (despite a 

high incidence of asymptomatic cement extravasation), and 

provide high pain relief rates, significant increases in mobil-

ity, and adequate reduction of fractures.13–19

Management options, indications 
and contraindications
Traditionally, the management of osteoporotic vertebral 

fractures has relied on bed rest, orthotic bracing, physical 

therapy, and pain medications. Bed rest and bracing may 

relieve pain by reducing the compressive loads placed 

on the vertebral column. However, bed rest increases the 

risk of complications associated with immobility, and the 

prolonged use of orthotics can lead to muscular atrophy. 

Physical therapy aims at strengthening supportive muscles 

of the abdomen and back, although its early use may 

 actually increase the pain secondary to the instability of 

the vertebral fracture.  Pharmacological therapy of painful 

fractures includes  narcotics, antiepileptics, antidepressants, 

and muscle relaxants. Each provides specific dampening of 

the pain response, although all cause sedation, constipation, 

and gastrointestinal side effects, which are dose-dependent. 

Patients often choose to use medications over continuing 

pain, which again leads to immobility.

Neoplastic vertebral fractures are commonly treated with 

radiation therapy delivered as single-fraction (preferably) 

or fractionated therapy, which has demonstrated pain relief 

rates in the 70% range, although the response is delayed for 

2–6 weeks after completion of treatment. Pain relief from 

radiation is believed to occur from damage to pain receptors 

and destruction of tumor cells. In many, if not most practices, 

radiation therapy remains the first line of treatment in meta-

static lesions to the spine and is offered in conjunction with 

adjunct treatment modalities.9,20,21 Radiation therapy does not 

address spinal column instability nor does it reduce the risk 

of further vertebral collapse. In addition, radiation therapy 

may compromise bone marrow function, and if performed 

prior to surgery, promotes wound breakdown and infection, 

so that surgery should precede radiation therapy if the latter is 

necessary.9,20,21 If there is spinal cord compression, high-dose 

corticosteroids, and, when indicated, surgical decompression 

are in order.20 Regardless of etiology, vertebral fractures clearly 

herald a downward course for patients. The pain becomes dis-

abling, altering the patient’s quality of life by compromising 

the ability to perform daily activities, leading to immobility; 

cognitive function declines through the use of narcotics and 

muscle relaxants; depression may ensue;  pulmonary capacity is 

reduced; and there is progression of spinal deformity. Variables 

that should be considered include medical status, projected 

life expectancy, current pharmaceutical dosing and tolerance, 

functional capacity, and expectations regarding quality of life 

as expressed by the patient.

A multidisciplinary approach is essential to ensure proper 

patient selection and the best possible outcomes. Members 

of the multidisciplinary team should include the patient, his 

primary physician, and representatives of various specialties, 

ideally including palliative care medicine, orthopedic surgery 

or neurosurgery, interventional (neuro) radiology, hematol-

ogy oncology, and radiation oncology. Vertebroplasty and 

other vertebral reconstruction procedures represent a highly 

effective, minimally invasive therapeutic option for these 

patients.

Currently accepted indications include painful vertebral 

compression fractures caused by the following: (1) osteoporo-

sis (primary or secondary), (2) metastatic cancer, (3) multiple 

myeloma and other hematological neoplastic conditions 

(ie, lymphoma and leukemia), (4) “aggressive” vertebral 

hemangiomas, and (5) trauma (particularly when minimal 

displacement is present and surgery is contraindicated).

There are no absolute contraindications for vertebro-

plasty or other vertebral augmentation procedures. Relative 

contraindications include (1) the presence of a systemic 

infection, and (2) lack of appropriate surgical backup, which 

could delay treatment. Bleeding conditions are not considered 

a contraindication, as they can be adequately controlled in 

the majority of patients prior to the procedure.
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Technical aspects of vertebral 
augmentation procedures
vertebroplasty
Vertebroplasty was the first vertebral augmentation proce-

dure described. It is performed by injecting directly bone 

cement within the spongious bone of the affected vertebral 

body through needles inserted into both pedicles. The 

first modification to the technique was to use a unilateral 

transpedicular approach in order to increase the safety and 

decrease the duration of the procedure.

Technical improvements subsequently applied to the basic 

vertebroplasty procedure involved the design of 1) needles, 

including curved and directional (Cook®, Bloomington, IN; 

DePuy Osseon®, Santa Rosa, CA; AvaFlex, CareFusion®, San 

Diego, CA) (Figure 1), and bone filler needles (CareFusion®, San 

Diego, CA; Stryker®, Kalamazoo, MI); 2) cavity-creating devices 

(KyphX Latitude® curette; Medtronic®; Minneapolis, MN); and 

3) newer cements with higher viscosity, containing bioceramics 

(Cortoss®, Malvern, PA) or calcium phosphate hydroxyapatite 

(ActivOs®; Medtronic®, Minneapolis, MN).22

Lordoplasty
Lordoplasty was introduced by Orler.23 Cannulas are intro-

duced in the fractured and both adjacent vertebrae (above and 

below), and all treated with cement. The vertebrae above and 

below the fracture function as internal fixators, allowing the 

application of a lordotic moment via cannulas to reduce the lor-

dosis while the fractured vertebra is filled with cement. Similar 

to vertebroplasty, lordoplasty has reported pain relief rates in 

the 90% range23 and has the theoretical advantage of reducing 

vertebral and segmental kyphosis by 10–15 degrees.

Kyphoplasty
Kyphoplasty is based on the concept of inserting and inflating 

a balloon into a vertebral body to reduce the fracture, thus 

creating a cavity that is then filled with cement (Figure 2). 

An orthopedic surgeon, Mark Reiley, and an engineer, Arie 

Scholten, first developed the technique in the mid-1980s.24 

The KyphX® Inflatable Bone Tamp™ (IBT) received 510(k) 

clearance from the United States Food and Drug Administra-

tion (FDA) in July 1998. The device is currently manufac-

tured by Medtronic® (Minneapolis, MN).

Another kyphoplasty device, the Avamax® vertebral balloon 

(CareFusion, Waukegan, IL), was introduced to the United States 

market late 2011. It is available in 10, 15 and 20 mm lengths, sim-

ilar to the KyphX® device. This device is marketed specifically 

for a unilateral approach, as the balloon shaft may be curved, 

allowing balloon placement in the center of the vertebra.

Vertebral body remodeling devices all differ from 

 vertebroplasty, lordoplasty, and kyphoplasty because they 

are permanently implanted within the vertebral body, usually 

in addition to bone cement. Whether implantable devices 

have greater effectiveness and safety over vertebroplasty and 

kyphoplasty is not known at this time.

Kiva device
The Kiva device (Benvenue Medical Inc, Santa Clara, CA) is 

a polyether ether ketone (peek) implant (PEEK-OPTIMA®), 

which is advanced via a transpedicular approach through a 

nitinol (nickel titanium) wire, ie, the Kiva wire. This device 

is currently being investigated in a multicenter trial, the 

KAST Study (Kiva System as a Vertebral Augmentation 

Treatment – A Safety and Effectiveness Trial).

The StaXx FX Structural Kyphoplasty 
System®

The StaXx FX Structural Kyphoplasty System® (Spine Wave, 

Shelton, CT) is a remodeling device consisting of polyether 

ether ketone wafers 1 mm thick. Wafers are inserted one at a 

time via a percutaneous peripedicular approach and a wide-

based inserting needle, using a wedge action to create vertical 

lift and reduce the fractured vertebral body. The first (base) 

wafer acts as a foundation for subsequently inserted wafers. 

Once all wafers are inserted, a small volume of bone cement 

is injected anteriorly at the base of the wafer stack, securing 

the anterior column for further stabilization.

The Optimesh® device
The Optimesh® device (Spineology, Saint Paul, MN) is a 

surgical mesh made of polyethylene terephthalate (PET). 

The mesh pouch, which contains impacted granular bone 

graft, is inserted in its empty state through a small cannula 

and then packed in situ with bone graft within the vertebral 

body. With increasing amounts of bone graft material packed 

into the mesh, the OptiMesh® implant is gradually deployed 

and generates significant distractive force. Once completely 

filled, the OptiMesh® implant fibers become taut, and granular 

mechanics transform the contained graft into a custom-fit 

and rigid load-bearing graft pack. The Optimesh® device is 

radiolucent and compatible with all imaging modalities.

The verteLift implant
The VerteLift implant (SpineAlign Medical Inc, Pleasanton, 

CA), which is a Nitinol alloy wire, has two basic shapes and 

a range of sizes. The device acts as an internal scaffold to 

engage the vertebral body endplates while providing and 
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maintaining lift until the bone cement is injected. Prior to 

cement injection, the VerteLift implant is fully retrievable. 

The VerteLift implant is currently approved in Europe and 

undergoing investigational device exemption (IDE) evalua-

tion in the United States.

Patient workup and procedural preparation
Accurate identification of fractures greatly influences treat-

ment success. Plain radiographs allow the evaluation of bone 

structure (including posterior vertebral body wall) and quan-

tify height loss when present. However, in both the elderly 

population and patients with cancer, several fractures of 

various ages may commonly coexist, hindering identification 

of symptomatic vertebrae on X-rays alone, even if combined 

with a reliable clinical examination and fluoroscopy-guided 

provocative manual palpation. Magnetic resonance imaging 

(MRI) is the preferred imaging modality, as it allows for 

dating fractures because it shows bone marrow edema in 

the early stages of a fracture, which is not present in older 

fractures (Figure 1).25,26 For metastatic spinal lesions, MRI 

is also very useful as it allows objective and reproducible 

quantitative assessment of the degree of compression, epidu-

ral and paraspinal extension, presence of other lesions, and 

degree of vascularity.27 MRI was shown to be superior to bone 

scintigraphy in patients with multiple myeloma.28  However, 

particularly in patients who cannot receive a MRI scan 

(because of a pacemaker or extreme claustrophobia), bone 

scintigraphy may accurately identify lesions that may not be 

detectable on plain X-rays and computed tomography (CT), 

which identifies increased radiotracer uptake within cortical 

bone consistent with early inflammatory changes present 

early in fractures, both osteoporotic and neoplastic.29

Vertebral hemangiomas are blood-filled lesions that con-

tain thin-walled, endothelium-lined blood vessels organized 

in vertically oriented trabeculae surrounded by fatty marrow. 

Such anatomical arrangement confers to hemangiomas a 

typical “honeycomb” appearance on plain X-rays, a s peckled 

“polka dot” pattern on CT, and distinctive features on MRI, 

ie, a bright signal on T1 and T2 weighted images, and 

 significant post-contrast enhancement (Figure 3).30,31

At the time of treatment, elderly patients, who have 

a high incidence of spondylosis, arthritis, and advanced 

osteoporosis, must be carefully positioned in order to avoid 

causing new pathology. Supplemental padding of contact 

points is useful. Suboptimal positioning on the X-ray table 

and pressure on the ribcage from needle insertion through 

the pedicles may cause rib fractures relatively easily. 

Muscle spasm may also be easily triggered or exacerbated 

by  positioning maneuvers. Patients with confusion may be 

at risk for falling off the fluoroscopic table and therefore 

should be closely monitored.

Patients on narcotic medications for chronic pain, espe-

cially elderly patients, commonly have a higher response 

threshold to analgesia, requiring larger doses of sedation. 

Elderly patients may also have significant age-related 

decreases in renal and hepatic drug clearance, resulting in 

higher bioavailability of narcotic or other drugs taken at home 

or administered for a procedure. When midazolam is used 

for sedation in particular, sudden drops in oxygen saturation 

may occur, possibly requiring prompt administration of a 

reversal agent. Adequate patient preparation and education 

prior to the procedure helps in delivering as little sedation 

as possible in these patients.

Post procedure patients should be kept in observation for 

a reasonable amount of time, which should cover a large part 

of the half-life clearance of drugs used. Even if spectacular 

pain relief is experienced, patients should remain cautious 

when initially standing up and walking for a period follow-

ing the procedure, as the risk of falls persists. The effects of 

the procedure should be carefully monitored, as ancillary 

causes of pain may persist in these patients, ie, facet disease, 

muscle spasm, undiagnosed or new fractures, which may 

delay patient mobility or require intervention.

Mechanism of pain relief and timing of treatment
Although the precise mechanism of pain relief from verte-

broplasty and other vertebral augmentation procedures has 

not been fully elucidated, it is generally considered that pain 

relief is the result of stabilization of microfractures within 

the vertebral body, particularly at the level of the end plates.32 

Clinical observations of non-healing, unstable fractures that 

respond to internal fixation appear to confirm the validity of 

this mechanism.

Acute fractures that have not undergone bony healing 

are most likely to respond to reduction and strengthening. 

Generally, fractures respond to vertebral augmentation within 

a few weeks of onset. However, chronic non-healing may 

be observed in very old fractures, which may respond to 

cement-induced stabilization (Figure 4).

Other less convincing mechanisms have been proposed 

to explain the positive response to pain from vertebroplasty. 

Neurolysis from the exothermic reaction that accompanies 

polymethylmethacrylate polymerization has been suggested 

as a possible mechanism of pain relief because tempera-

tures reaching 122°C have been reported in vitro.33 The 

small doses of cement used in vertebroplasty are however 
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unlikely to cause marked temperature elevation, making 

this an unlikely mechanism. Moreover, although direct 

chemotoxicity to the pain receptors located within the ver-

tebral body has been proposed,34 it has not been confirmed 

in practice.

Complications
In the early 1990s, the United States FDA initiated Manu-

facturer and User Facility Device Experience (MAUDE), 

a nationwide database designed to record the details of medi-

cal complications occurring from the use of medical devices 

associated with indexed procedures. The earliest reports on 

vertebroplasty and kyphoplasty were filed in 1999, and the 

first FDA MAUDE report on complications was published 

in November 2004.35

Of approximately 190,000 procedures, 43 adverse 

events were reported (0.02%); 25/43 events were major, 

including 4 deaths and 21 instances of spinal cord compres-

sion requiring surgery, causing 6 permanent neurologic 

 injuries.35 Less severe events included 2 infections (1 diskitis, 

1 osteomyelitis), 2 pulmonary embolisms, 1 pneumothorax, 

3 episodes of blood pressure drop, and 11 technical reports 

of inconsequential equipment breakage. It was reported that 

deaths were linked to reactions to the acrylic bone cement, of 

which the free polymer portion has known  cardiotoxicity, ie, 

cardiac arrhythmias and hemodynamic instability.36 This risk 

is dose dependent, and this complication has been reported 

only when a large number of vertebrae were treated per 

session.36

Neurologic compromise may result from spinal cord 

compression because of the leakage of large amounts 

of cement into the epidural venous plexus,37–39 requiring 

expedited surgical evacuation.37 Cement leakage may also 

cause direct nerve root compression, which can cause new 

pain or exacerbation of the patient’s pain.38 Cement leak-

age in the paravertebral space surrounding the vertebral 

body or the intervertebral disk may occur in as many as 

10% of procedures and does not usually cause clinical 

complications.10,40,41 However, if injected into the vertebra 

in a low state of viscosity, cement may migrate back into 

the spinal canal upon patient mobilization and cause neu-

rological deterioration.

When a posterolateral approach is used instead of a 

transpedicular approach, there is a risk of pneumothorax 

at the thoracic level and of psoas hematoma at the lumbar 

level.42 Although the data from the MAUDE study likely 

underrepresent the actual complication rate from these pro-

cedures, which is better reflected in clinical studies, actual 

overall complication rates from these procedures should be 

very low, at well under 1%.

Follow-up and risk of new fractures
Patients should be monitored following vertebral aug-

mentation procedures. Pain may persist despite apparently 

adequate treatment. Reasons for persistent pain include 

incomplete treatment of the fractured vertebra, which may 

respond to a repeat procedure at the same level to obtain a 

more complete filling with cement.43 Pain may result from 

confounding posterior facet instability and overload result-

ing from a wedge fracture, which has been identified as a 

significant cause of residual pain in as many as one third of 

patients, particularly elderly patients.44 However, the most 

common reason for recurrent or persistent pain following 

vertebral procedures is another fracture, either new or previ-

ously undiagnosed.

The risk of new fractures in vertebrae adjacent to previ-

ously treated fractures has been suggested.45,46 The risk of 

postvertebroplasty fractures has been estimated at 12.4%, 

with 67% of new fractures present in vertebrae that are 

immediately adjacent to the initially treated vertebrae,45 pre-

sumably because reinforced vertebral bodies may alter spine 

biomechanics. A study on postkyphoplasty reported that 26% 

of 40 patients developed a new fracture within 8 months,46 

and another found an overall incidence of a new fracture of 

22.6% per patient and 15.1% per kyphoplasty procedure.47

However, whether new fractures are caused by augmen-

tation procedures is not currently under consensus. While 

Grados et al suggested a slight but statistically significant 

increased risk of vertebral fracture adjacent to cemented 

vertebrae (odds ratio 1.44; 0.82–2.55),48 Jensen and Dion 

believed that new fractures in adjacent vertebrae following 

vertebroplasty are related to ongoing osteoporosis.49 A bio-

mechanical study assessing unconstrained axial compres-

sion in spine segments, some healthy, some treated with 

vertebroplasty, during which shear forces and torque were 

minimized using a robotic arm, concluded a significant risk 

of new adjoining vertebral fractures following vertebroplasty 

owing to the mechanism of endplate deflection.50 Conversely, 

a clinical study of 794 patients equally divided between those 

treated with vertebroplasty and those with no prior procedure 

found a similar incidence of new fractures in each group.51 

Although bone-strengthening, spine-straightening vertebral 

augmentation procedures may conceptually precipitate new 

fractures, it is also clear that the diffuse nature of osteopo-

rosis and metastatic cancer increases the likelihood of such 

occurrences as part of the natural course of the disease by 
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virtue of pathologically weakening adjoining vertebrae. 

Therefore, careful patient follow up and preparedness to treat 

new fractures are in order.

Clinical effectiveness of vertebroplasty
Jensen et al of the University of Virginia are credited with the 

first large scale study to demonstrate the efficacy of vertebro-

plasty in obtaining pain relief. Published in 1997, their study 

reported on 29 patients with painful osteoporotic vertebral 

fractures in whom a 90% pain relief rate was obtained.52 This 

study played an important role in establishing vertebroplasty 

in the United States for the treatment of osteoporotic or neo-

plastic vertebral fractures. In 2000, Barr et al published a ret-

rospective study showing that 95% of 47 patients treated with 

vertebroplasty reported pain relief that was at least moderate.53 

A metaanalysis of retrospective case series and uncontrolled 

studies reported rates of significant pain relief in the 70%–80% 

range in patients treated for a variety of osteolytic lesions, 

including osteoporotic compression fractures, spinal metas-

tases, multiple myeloma, and vertebral hemangiomas. The 

same study noted that a durable positive response persisted 

for several months to several years after treatment.54 Larger 

scale metaanalyses later reported pain relief rates for both 

vertebroplasty and kyphoplasty in the 90% range.55,56 In 2002, 

McGraw et al reported a series of 100 osteoporotic vertebral 

fractures treated with vertebroplasty with 97% significant 

pain relief at 24 hours of treatment, and 93% durable relief 

persisting for at least one year (mean follow up 21.5 months).55 

Pain relief rates for kyphoplasty were reported in 96.9% of 

patients, most occurring within 24 hours.57

Regarding neoplastic spinal fractures, in 1996, Weil et al 

reported the first published series of 37 patients (20 men, 17 

women; aged 33–86 years) treated with vertebroplasty, 73% 

of whom experienced significant pain relief and increased sta-

bility, persistent at 6 months.58 In 2003, Fourney et al reported 

on 56 patients with cancer treated with vertebroplasty and 

kyphoplasty with complete pain relief in 84%, persistent at 

one year.59 Lieberman et al were among the first to evaluate 

the specific role of kyphoplasty in vertebral fractures caused 

by cancer and multiple myeloma and to demonstrate favor-

able rates of vertebral body height restoration, sagittal spinal 

alignment, and a low risk of cement leakage.60 A recent large 

multicenter study of cancer-related vertebral fractures showed 

superior pain relief and functional scores for kyphoplasty 

over nonsurgical therapy.61

A very interesting retrospective evaluation of some 

of the earliest patients treated with vertebroplasty by the 

French group, Deramond et al,1 which described the original 

procedure,2 reports the longest follow-up to date in 18 patients 

treated between 1989 and 1998 with vertebroplasty for ver-

tebral fractures due to osteoporosis (n = 8), hemangiomas 

(n = 8), and multiple myeloma (n = 2). These patients were 

re-evaluated clinically and radiologically in 2007, nearly 

20 years after the initial procedure. All patients experienced 

long-term pain relief, and none demonstrated instability or 

disc degeneration disproportionate to that demonstrated at 

adjacent vertebral levels.2

Overall, both vertebroplasty and kyphoplasty are credited 

with similar pain relief rates in the 85%–95% range.2,52–59

Kyphoplasty was initially marketed as a treatment of 

osteoporotic fractures that was superior to vertebroplasty in 

increasing vertebral body height and reducing angular kypho-

sis. However, the overall comparative experience shows an 

average reduction of 4 mm for kyphoplasty versus 2.2 mm 

for vertebroplasty.35 There is currently no indication whether 

the overall minimal difference in reduction is clinically signifi-

cant. Another alleged advantage of kyphoplasty is to allow for 

“lower pressure” cement injections because a cavity is initially 

created in the vertebral body by the balloon tamp, instead of 

injecting a “thinner” mixture as a forced intramedullary per-

fusate. Although it is suggested that more cement leaks occur 

with vertebroplasty than with kyphoplasty,35 an experimental 

study noted higher injection pressures with the use of larger 

systems within voids created by bone tamps.62

In all device-implanting vertebral augmentation proce-

dures, pain relief rates appear to be within the range of those 

currently obtained with vertebroplasty and kyphoplasty. 

However, no data on large-scale outcomes are currently 

available.

Two highly publicized critical reports in the form of 

randomized controlled trials, both published in the same 

2009 issue of the New England Journal of Medicine (NEJM), 

challenged the efficacy of vertebroplasty in obtaining pain 

relief.63,64 In both studies, patients with vertebral fractures 

were randomly treated with either vertebroplasty or a 

simulated procedure, ie, placement of a needle alone in 

the vertebra.63,64 Both studies generated significant concern 

regarding their conduct and conclusions. First, ethical con-

cerns were expressed about offering sham or simulated pro-

cedures to patients in severe pain.63–68 Second, patients in the 

treated arm received minimal amounts of cement, much lower 

than clinically useful volumes capable of restoring vertebral 

body structure and providing pain relief.65 Third, mean treat-

ment timing was beyond the clinically useful time window for 

most patients (12 months versus 8 weeks).66 Fourth, in both 

studies, patients treated were outpatients, whereas most ver-
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tebral augmentation procedures are performed on inpatients. 

Further, it has been argued that leaving those patients at 

home would expose them to complications of prolonged bed 

rest and narcotic analgesia.67 Finally, and most important, 

concerns about the adequacy of the treatment effect evalu-

ation were expressed.68 Although a 30% decrease in pain at 

one month was arbitrarily considered clinically meaningful, 

the statistics used did not allow the observed effect to be 

taken into account. Both studies used a “responder analysis” 

approach, but neither study was able to detect differences in 

response adequately.68

Soon after the publication of the two NEJM studies, the 

results of the large vertebroplasty versus conservative treat-

ment in acute osteoporotic vertebral compression fractures 

(VERTOS) II trial were made public.69 VERTOS, a prospec-

tive randomized trial of vertebroplasty and conservative 

treatment in 202 patients, showed that vertebroplasty resulted 

in greater pain relief than conservative treatment with a sig-

nificant difference in mean visual analog scale (VAS) scores 

between baseline and one month. The VERTOS study con-

cluded that in a subgroup of patients with acute osteoporotic 

vertebral compression fractures and persistent pain, percu-

taneous vertebroplasty is both effective and safe, providing 

pain relief that is immediate, sustained for at least one year, 

and at an acceptable cost, which significantly exceeds the 

relief achieved with conservative treatment.

Future directions
As economic pressures are mounting on health care in all 

countries, the performance of outcome analyses will con-

tinue, which will likely establish further the appropriateness, 

clinical effectiveness, and cost-effectiveness of vertebral 

augmentation. However, despite low procedural risk and 

several decades of experience with the use of acrylic cements 

for bone augmentation, a prophylactic role for vertebral 

augmentation remains unlikely at this time. New cements 

are currently being investigated, with a focus on improving 

viscosity and polymerization times,70 including mineral bone 

cements, hydroxyapatite cements, osteoconductive materials 

(coral exoskeleton and calcium materials) and morphogenic 

proteins.71 Image-guided minimally invasive technology 

combining robotics and stereotactic guidance is also an 

area of active investigation and is expected to generate safer 

automated treatment approaches in the future.72,73

Conclusion
Significant evidence supports the role of vertebroplasty and 

kyphoplasty in adequately selected patients with vertebral 

fractures caused by advanced osteoporosis, cancer, heman-

giomas, or trauma. Vertebral augmentation will continue to 

make positive contributions to the lives of numerous patients 

in the form of measurable improvements in quality of life and 

survival rates. Whether newer, device-implanting vertebral 

augmentation procedures will translate into greater safety 

and effectiveness has yet to be established.
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