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CONSENSUS
STATEMENT

Position Statement on Percutaneous Vertebral
Augmentation: A Consensus Statement Developed
by the American Society of Interventional and
Therapeutic Neuroradiology, Society of
Interventional Radiology, American Association
of Neurological Surgeons/Congress of
Neurological Surgeons, and American Society of
Spine Radiology

M.E. Jensen
J.K. McGraw
J.F. Cardella

J.A. Hirsch

It is the position of the American Society of Interventional and
Therapeutic Neuroradiology, Society of Interventional Radiol-

ogy, American Association of Neurologic Surgeons/Congress of
Neurologic Surgeons, and American Society of Spine Radiology
(“the Societies”) that percutaneous vertebral augmentation with
vertebroplasty and kyphoplasty is a safe, efficacious, and durable
procedure in appropriate patients with symptomatic osteopo-
rotic and neoplastic fractures when performed in a manner in
accordance with published standards.1,2 These procedures are of-
fered only when traditional medical therapy has not provided
pain relief or pain is substantially altering the patient’s lifestyle.
With regard to vertebroplasty, multiple case series3-17 and retro-
spective18,19 and prospective20-23 nonrandomized studies have
shown a statistically significant improvement in pain and func-
tion—particularly with regard to ambulation—and these results
have been confirmed in a prospective study with use of a control
group24 and in a prospective randomized control study.25 The
benefits of vertebroplasty far outweigh its risks and the risks of
conservative therapy, and the success rate is consistently high.
This procedure is cost-effective because it produces immediate
improvement in a patient’s quality of life, primarily by means of
the alleviation of pain and rapid return to ambulation. In addi-
tion to reducing the need for costly skilled care, expensive drugs,
or orthopedic devices, a return to ambulation is known to reduce
adverse outcomes in elderly patients confined to bed.26

Kyphoplasty has been introduced as an alternative ap-
proach.27 It is similar to vertebroplasty and has been referred
to as “balloon-assisted vertebroplasty.” Kyphoplasty entails
the inflation of a percutaneously delivered balloon in the ver-
tebral body followed by the percutaneous injection of bone
cement into the cavity created by the balloon. The balloon is

intended to restore the vertebral body height in addition to
creating the cavity.27

After reviewing the published literature on kyphoplasty, the
Societies have determined that the clinical response rate in indi-
viduals treated with kyphoplasty is equivalent to that seen in pa-
tients treated with vertebroplasty. There is no proved advantage
of kyphoplasty relative to vertebroplasty with regard to pain relief,
vertebral height restoration, or complication rate.27-44

It is the position of the Societies that vertebral augmenta-
tion with vertebroplasty or kyphoplasty is a medically appro-
priate therapy for the treatment of painful vertebral compres-
sion fractures refractory to medical therapy when performed
for the medical indications outlined in the published stan-
dards.1,2 We believe vertebral augmentation with vertebro-
plasty or kyphoplasty is established therapy and should be re-
imbursed by payors as a safe and effective treatment for
painful compression fractures.

Rationale

Vertebral Augmentation Versus Traditional Conservative
Management
Although “conservative” implies “safe,” conservative therapy
is neither benign nor risk-free and its complications are well
documented.44-47 Conservative treatment of painful vertebral
compression fractures usually consists of bed rest, bracing,
and narcotic anesthesia. In a recent prospective study of 498
hospitalized patients aged 70 years or older, low mobility (de-
fined as bed rest or ability to transfer to chair) or intermediate
mobility (defined as ambulation one to two times with total
assistance) were independent predictors of the following poor
hospital outcomes at discharge: (a) decrease in activities of
daily living, (b) new institutionalization, and (c) death when
compared with patients with high mobility (defined as ambu-
lation at least twice with partial or no assistance).26 The con-
tribution of low mobility to these outcomes remained statisti-
cally significant in multivariate analyses, even after controlling
for multiple variables including age, sex, severity of illness, and
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co-morbidities. In short, conservative treatment leads to ad-
verse outcomes associated with low mobility and bed rest,
which may be viewed as iatrogenic events leading to compli-
cations such as functional decline.

As previously mentioned, conservative treatment often in-
cludes immobilization with bed rest. During bed rest, virtually
every organ system is adversely affected. These effects tend to be
more pronounced in older patients, who have less reserve than
younger patients. Bone attenuation decreases approximately 2%
per week, a serious concern in patients with osteoporosis, and
these patients are unlikely to ever regain the lost bone mass.48

Bone loss tends to occur in stages, with the most dramatic
changes occurring in the first 12 weeks of immobilization.

Muscle strength decreases 1%–3% per day or 10%–15%
per week.45 Almost half of normal strength is lost within 3–5
weeks of immobilization, and the rate of recovery from disuse
weakness is slower than the rate of loss. Complete rest results
in decreased endurance and this leads to a sense of fatigue and
reduced patient motivation, setting up a vicious circle of
greater inactivity. Ligament complexes are also affected by im-
mobilization, leading to contractures, which are more prone
to occur in frail, elderly individuals. Muscles that cross two
joints, such as the back muscles, are particularly at risk of
shortening during immobilization. There is abundant evi-
dence that shows early active mobilization after initial stabili-
zation—a benefit of vertebral augmentation—is the key to the
prevention of contracture.

Early mobilization also leads to the prevention of pressure
sores, the prevalence of which tends to increase substantially with
age. Patients older than 70 years have more than 70% of all pres-
sure sores and get them within 2 weeks of admission to the hos-
pital. Once decubitus ulcers occur, nursing costs can increase by
as much as 50%, with the total cost of treatment per ulcer esti-
mated to be between $15,000 and $20,000. Complications often
develop with pressure sores. Infection is the most common com-
plication and leads to septicemia, osteomyelitis, anemia, and pro-
tein loss by means of chronic discharge.

Cardiovascular effects include increased heart rate, shorter
diastolic times, and reduced coronary blood flow. In addition,
patients have an overall decrease in cardiac output, stroke vol-
ume, and left ventricular function. In the elderly, orthostatic
hypotension occurs within the first 3 weeks of bed rest. This,
along with the elevated heart rate, leads to diminished diastolic
ventricular filling and a decrease in cerebral perfusion. De-
pending on the length of bed rest, it may take 20 –72 days to
restore pre– bed rest cardiac function.45

In patients at bed rest, the frequency of deep vein throm-
bosis is 61%, with proximal deep vein thrombosis occurring in
29%. Pulmonary embolism is seen in 2%–12% of patients and
is fatal in 0.5%–10%.48 A restrictive impairment, an overall
decrease in muscle strength, deconditioning of respiratory
muscles, and failure to fully expand the chest wall results in a
25%–50% decrease in respiratory capacity.46 In addition, the
lungs have decreased ciliary clearance, less effective coughing,
atelectasis, and a predilection for pneumonia. Gastrointestinal
effects include reduced appetite, constipation, and fecal im-
paction, all of which are exacerbated by the concomitant use of
narcotics. Glucose intolerance is a frequent but often over-
looked complication of bed rest and can mimic brittle diabe-
tes.46 Patients are at increased risk of genitourinary calculus

formation, incontinence, urinary tract infection, and urosep-
sis. Even the central nervous system is not immune; patients at
bed rest exhibit higher levels of anxiety, depression, insomnia,
pain intolerance, sensory deprivation, and balance problems.

Narcotic anesthesia is commonly used in conjunction with
bed rest in the treatment of acute and chronic nonmalignant
musculoskeletal pain.47,49 Adverse drug reactions have been
seen in more than 70% of individuals treated with opioids,47

and although most side effects are minor the elderly are more
likely to have a severe adverse drug reaction such as confusion.
In one study,47 severe adverse drug reactions occurred in more
than 10% of patients. A multivariate analysis of the findings
showed that the only factor associated with severe adverse
drug reactions was advancing age.

Patients who undergo vertebroplasty have consistently
shown immediate and considerable improvement in pain and
mobility after treatment.3-25 In a recent study of 79 consecu-
tive patients with osteoporotic compression fractures,24 55
(70%) of whom were treated with vertebroplasty and 24
(30%) of whom were treated with conservative therapy, the
vertebroplasty group showed a statistically significant reduc-
tion in pain and an improvement in physical functioning at 24
hours compared with the conservative treatment group. In
addition, 24% of the patients who underwent vertebroplasty
were able to cease all anesthesia after 24 hours; none of the
patients in the conservative treatment group were able to stop
anesthesia. These markedly different clinical outcomes at 24
hours to 1 week represent the enormous benefit of vertebro-
plasty over conservative therapy in terms of early mobiliza-
tion, even though the clinical outcomes for the two groups at 6
weeks, 6 months, and 12 months were the same.

In a trial comparing vertebroplasty with best medical thera-
py,25 40 patients with acute (symptomatic for 6 weeks or less)
osteoporotic compression fractures were randomized to receive
vertebroplasty or conservative therapy, with crossover for the
medically treated group allowed at 6 weeks. The vertebroplasty
group showed a statistically significant improvement in pain and
mobility and a reduction in medication use immediately after
vertebroplasty. None of the patients randomized to medical ther-
apy showed significant improvement, and 16 of the 19 patients
were offered vertebroplasty. This post–medical therapy vertebro-
plasty group also showed statistically significant improvement in
all three parameters immediately after the procedure. At 12
weeks, both groups showed statistically significant durability of
the therapeutic response.25

It is well documented that the natural history of healing
compression fractures is composed of a gradual improvement
in pain within 2–12 weeks, with variable return of func-
tion.50,51 What is not described as “natural history” is sudden
improvement in pain and return in function—the hallmark
picture of a positive therapeutic response with vertebroplasty.
Most patients enrolled in the initial vertebroplasty studies did
not undergo treatment until all noninvasive therapies had
been exhausted. These patients acted as their own internal
controls because vertebroplasty was performed at a point in
their clinical course where if improvement associated with
healing was to occur it should have happened. It is therefore
unlikely that the rapid, marked improvement in clinical find-
ings after vertebroplasty was associated with the natural course
of the disease.
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It may also be argued that patients treated medically are
just as likely to have a long-term positive outcome similar to
that of patients treated with vertebroplasty, a finding noted in
the study by Diamond et al.24 Equality in long-term outcomes,
however, does not negate the early positive effects of a success-
ful vertebroplasty. The potential complications associated
with conservative therapy are most likely to occur early in the
course of a patient’s immobilization, leading to physiologic
losses from which the patient may not recover or resulting in
adverse outcomes as seen in the study by Brown et al.26

Another consideration is that the positive outcomes seen
with vertebroplasty are due to the placebo effect. Vertebro-
plasty reports have consistently shown positive responses in
the 80%–90% range for osteoporotic fractures, regardless of
cohort demographics, cause of osteoporosis, geographic loca-
tion, or type of institution (community practice versus aca-
demic setting). The question would be laid to rest with the
completion of a sham trial. A feasibility study reported in an
abstract by Kallmes et al52 showed that patients could be suc-
cessfully randomized to vertebroplasty or a sham procedure,
but no meaningful clinical information was obtained. This
small study was used to obtain National Institutes of Health
funding for a multi-center vertebroplasty versus sham proce-
dure trial. A total of 150 patients are to be studied, but the trial
has been hampered by enrollment difficulties.

More than 450 articles about vertebroplasty have been pub-
lished in the past 20 years. Among these articles, approximately
100 studies addressed the clinical outcomes of patients treated
with percutaneous vertebroplasty. Without exception, these re-
ports describe vertebroplasty as a successful therapy for the relief
of the pain associated with vertebral compression fractures
caused by either osteoporosis or tumor involvement. The earliest
literature consisted of a small, retrospective, uncontrolled case
series introducing the technique and described excellent results
for the patients involved.3-8 Since that time, larger case series have
been published.9-19 Literature reviews about the efficacy of verte-
broplasty have concluded that the procedure, when used in the
setting of osteoporotic compression fractures, results in substan-
tial and immediate pain relief, improved functional status, and
minimal short-term complications.53-56 Prospective reports,20-23

including nonrandomized and randomized controlled stud-
ies,24,25 also showed overwhelming positive responses. The Soci-
eties conclude that the evidence supports the statement that ver-
tebroplasty is efficacious in the relief of pain and improvement of
mobility associated with acute and subacute compression frac-
tures. Two studies17,57 showed similar results in chronic fractures
up to 2 years in age.

Given the currently available scientific data, the Societies
believe that vertebroplasty has been shown to be more effec-
tive than continued medical treatment in patients with painful
vertebral compression fractures in whom conservative ther-
apy has failed. To deny a patient vertebroplasty in favor of
“more of the same” increases the chance of an adverse out-
come associated with low mobility and complications associ-
ated with bed rest and narcotic anesthesia.

As vertebroplasty use became widespread, kyphoplasty was
introduced as an alternative approach. Kyphoplasty entails infla-
tion of a percutaneously delivered balloon in the vertebral body
followed by percutaneous injection of bone cement into the cav-
ity created by the balloon. Kyphoplasty is similar to vertebro-

plasty, differing only in the use of the balloon. Indeed, kypho-
plasty has been referred to as “balloon-assisted vertebroplasty.”
The balloon, in theory, is intended to restore the vertebral body
height while creating a cavity to be filled with bone cement.27 The
balloon (KyphX Inflatable Bone Tamp; Kyphon, Sunnyvale,
Calif) has been approved by the U.S. Food and Drug Administra-
tion for use as a bone tamp for the reduction of fractures and/or
the creation of a void in cancellous bone.

The clinical outcomes data are not as extensive as those for
vertebroplasty. The available data,27-40 however, describe the
treatment of osteoporotic and some neoplastic38 fractures and
include some prospective nonrandomized data,27,28,34 with
one report including a control group of patients treated with
conservative therapy.31 To our knowledge, no investigators
have compared kyphoplasty with vertebroplasty. As with ver-
tebroplasty, the kyphoplasty reports show substantial pain re-
lief and improved mobility in most patients in whom conser-
vative therapy has failed. Because of additional equipment,
anesthesia, and hospital costs, kyphoplasty is approximately
2.5 times more expensive than vertebroplasty. It is possible
that certain subgroups of patients may derive more benefit
from one particular procedure.58 Features that might affect
choice of procedure include the degree of compression defor-
mity, age of fracture, and presence of neoplastic involvement;
however, the benefits of kyphoplasty relative to vertebroplasty
in such subgroups currently remain undefined. With the con-
siderable added financial expense of kyphoplasty, a substantial
clinical benefit over vertebroplasty would have to be proved to
justify this cost. A convincing benefit to kyphoplasty relative to
vertebroplasty can only be proved by comparing outcomes
from both procedures in a prospective, randomized study.
The Societies recognize, however, that the performance of ky-
phoplasty instead of vertebroplasty may be due to operator
experience or preference. Because the clinical outcomes stud-
ies have shown that kyphoplasty has the same benefit as verte-
broplasty in patient pain relief and mobility at similar compli-
cation rates, it is the Societies’ position that it should be
considered an alternative procedure to vertebroplasty.

Quality of Life
Not only has vertebroplasty been shown to decrease pain and
improve mobility, it also has a positive effect on patients’ qual-
ity of life. In a recent study, 46 consecutive patients underwent
vertebroplasty. At enrollment, all patients completed the Os-
teoporosis Quality of Life Questionnaire, a validated 35-item,
five-domain, seven-point response-option instrument. All
five domains of the questionnaire were improved at 2 weeks
after the procedure and remained improved at each evaluation
point through 6 months.59 Similar quality of life improve-
ments have been shown for kyphoplasty.60

Complications
Although the complication rate for vertebroplasty is exceed-
ingly low, complications nevertheless do occur. The primary
cause of a symptomatic vertebroplasty complication is leakage
of polymethylmethacrylate (PMMA) into adjacent structures,
although most such leaks are completely asymptomatic. This
leakage can occur through fracture lines, through areas of cor-
tical destruction, along the needle track, or into the epi-
dural and paravertebral venous complexes.9,61 Acrylic ma-
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terial that has leaked from the vertebral body may cause
spinal cord or nerve root compression, resulting in wors-
ening pain and/or neurologic dysfunction. Although mi-
gration of small amounts of PMMA through the epidural or
paravertebral venous system to the pulmonary vasculature
is virtually always clinically insignificant, rare cases of
symptomatic pulmonary embolus have been reported.62

Perivertebral acrylic is usually asymptomatic, although dys-
phagia from esophageal compression after a cervical vertebro-
plasty has occurred.10 Other complications that have occurred, as
reported in the literature or through personal knowledge, include
fracture of the transverse process or pedicle, paravertebral hema-
toma, epidural abscess, pneumothorax, CSF leak, seizure or re-
spiratory arrest from oversedation, and death. Patients with se-
vere osteoporosis may sustain rib fractures11 or sternal fractures
from lying prone on the procedure table.

Hemodynamic compromise has been associated with
packing of the acetabulum with PMMA during hip replace-
ment surgery. Although transient systemic hypotension dur-
ing acrylic injection in vertebroplasty has been reported,63 a
large retrospective study of the cardiovascular effects of
PMMA in patients undergoing vertebroplasty found no gen-
eralized association between acrylic injection and systemic
cardiovascular derangement.64

One theoretical complication is thermal injury to adjacent
neurologic structures during acrylic polymerization. There
have been no clinical reports of this phenomenon and its pos-
sibility appears unlikely on the basis of in vitro tests, which
showed no substantial increase in spinal canal temperature
with vertebroplasty,65 and in vivo animal experiments, which
showed no spinal cord damage from PMMA located adjacent
to the dural sac in dogs.66

More often than not, PMMA leakage is asymptomatic,
even in malignant lesions. Cotten et al9 demonstrated acrylic
leaks, both venous and cortical, with CT in 29 of 40 patients
with osteolytic metastases or myeloma. Although most of
these leaks were asymptomatic, two of eight foraminal leaks
produced nerve root compression that necessitated decom-
pressive surgery. In a later series, Cotten et al13 reported one
patient out of 258 treated who experienced spinal cord com-
pression that required surgery. Of 13 patients with radicular
pain, only three required surgical decompression and 10 re-
sponded to local anesthetic infiltration or medical therapy.
Deramond et al12 noted a single transient neurologic compli-
cation in 80 patients with osteoporotic fractures. Review of all
major vertebroplasty series showed that the complication rate
ranges from 1% to 10%; Murphy and Deramond67 divide it
further into 1.3% for osteoporosis, 2.5% for hemangiomas,
and 10% for neoplastic disease. Fortunately, most patients
with radicular symptoms respond to anti-inflammatory or
narcotic analgesics or local anesthetic infiltration; surgical in-
tervention is required in only a minority of cases. Complica-
tions are most likely to occur during or immediately after
treatment. In two long-term studies, no complications were
found in patients followed up at 48 months19 and 5 years.68 A
difference in complication rates between acute and chronic
fractures has not been reported.

The issue of increased risk for fracture at an adjacent level has
been raised in the literature. Grados and colleagues19 found a
slight, but statistically significant, increased risk of vertebral frac-

ture in the vicinity of a cemented vertebra when compared with a
vertebral fracture in the vicinity of an uncemented fracture. How-
ever, new fractures after vertebroplasty may actually represent the
natural history of osteoporosis rather than a complication of the
procedure and further study is necessary.

Complications associated with kyphoplasty are similar to
those seen in vertebroplasty. Six major complications in 531
patients (1.1%) treated with kyphoplasty were reported in a
multicenter collection of patients, four of which were neuro-
logic complications.40 This complication rate is similar to the
1.3% complication rate seen in vertebroplasty for osteoporotic
fractures.67

In summary, clinically significant complications for verte-
broplasty remain small and are most significant in the treat-
ment of malignant disease. Most respond to short-term med-
ical therapy, and surgery is usually not required. The Societies
recommend that all practitioners incorporate indicator
thresholds into one’s quality improvement program to iden-
tify potential problems. Because serious complications of ver-
tebroplasty are infrequent, a review is recommended for all
instances of death, infection, and symptomatic pulmonary
embolus. Recommended thresholds for complications can be
found in the American College of Radiology’s “Standards for
the Performance of Percutaneous Vertebroplasty”1 and the
Society of Interventional Radiology’s “Quality Improvement
Guidelines for Percutaneous Vertebroplasty”.2 The Societies
are very confident in the validity of the above-mentioned
complication data.

In conclusion, it is the position of the Societies that verte-
bral augmentation with vertebroplasty or kyphoplasty is a
medically appropriate therapy for the treatment of painful
vertebral compression fractures refractory to medical therapy
when performed for the medical indications outlined in the
published standards.1,2 We believe vertebral augmentation
with vertebroplasty or kyphoplasty is established therapy and
should be reimbursed by payors as a safe and effective treat-
ment for painful compression fractures.
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traitement des métastases: technique et résultats. J Radiol 1989;70:557– 62

5. Nguyen JP, Djindjian M, Pavlovitch JM, et al. Vertebral hemangioma with
neurologic signs: therapeutic results—survey of the French Society of Neuro-
surgery. Neurochirurgie 1989;35:299 –303, 305– 08

6. Deramond H, Darrason R, Galibert P. Percutaneous vertebroplasty with
acrylic cement in the treatment of aggressive spinal angiomas. Rachis
1989;1:143–53

7. Debussche-Depriester C, Deramond H, Fardellone P, et al. Percutaneous ver-
tebroplasty with acrylic cement in the treatment of osteoporotic vertebral
crush fracture syndrome. Neuroradiology 1991;33(suppl):149 –52

8. Gangi A, Kastler BA, Dietemann JL. Percutaneous vertebroplasty guided by a
combination of CT and fluoroscopy. AJNR Am J Neuroradiol 1994;15:83– 86

9. Cotten A, Dewatre F, Cortet B, et al. Percutaneous vertebroplasty for os-
teolytic metastases and myeloma: effects of the percentage of lesion filling
and the leakage of methyl methacrylate at clinical follow-up. Radiology
1996;200:525–30

10. Weill A, Chiras J, Simon J, et al. Spinal metastases: indications for and results
of percutaneous injection of acrylic cement. Radiology 1996;199:241– 47

1442 Jensen � AJNR 28 � Sep 2007 � www.ajnr.org



11. Jensen ME, Evans AE, Mathis JM, et al. Percutaneous polymethylmethacrylate
vertebroplasty in the treatment of osteoporotic vertebral body compression
fractures: technical aspects. AJNR Am J Neuroradiol 1997;18:1897–904

12. Deramond H, Depriester C, Galibert P, et al. Percutaneous vertebroplasty with
polymethylmethacrylate: technique, indications and results. Radiol Clin
North Am 1998;36:533– 46

13. Cotten A, Boutry N, Cortet B, et al. Percutaneous vertebroplasty: state of the
art. Radiographics 1998;18:311–20

14. Gangi A, Guth S, Imbert JP, et al. Percutaneous vertebroplasty: indications,
technique, and results. Radiographics 2003;23:e10

15. Barr JD, Barr MS, Lemley TJ, et al. Percutaneous vertebroplasty for pain relief
and spinal stabilization. Spine 2000;25:923–28

16. Martin JB, Jean B, Sugiu K, et al. Vertebroplasty: clinical experience and fol-
low-up results. Bone 1999;25:11S–15S

17. Kaufmann TJ, Jensen ME, Schweickert PA, et al. Age of fracture and clinical
outcomes of percutaneous vertebroplasty. AJNR Am J Neuroradiol
2001;22:1860 – 63

18. Evans AJ, Jensen ME, Kip KE, et al. Vertebral compression fractures: pain
reduction and improvement in functional mobility after percutaneous poly-
methylmethacrylate vertebroplasty—retrospective report of 245 cases. Radi-
ology 2003;226:366 –72

19. Grados F, Depriester C, Cayrolle G, et al. Long-term observations of vertebral
osteoporotic fractures treated by percutaneous vertebroplasty. Rheumatology
(Oxford) 2000;39:1410 –14

20. Cortet B, Cotten A, Boutry N, et al. Percutaneous vertebroplasty in the treat-
ment of osteoporotic vertebral compression fractures: an open prospective
study. J Rheumatol 1999;26:2222–28

21. Heini PF, Walchli B, Berlemann U. Percutaneous transpedicular vertebro-
plasty with PMMA: operative technique and early results—a prospective
study for the treatment of osteoporotic compression fractures. Eur Spine J
2000;9:445–50

22. McGraw JK, Lippert JA, Minkus KD, et al. Prospective evaluation of pain relief
in 100 patients undergoing percutaneous vertebroplasty: results and follow-
up. J Vasc Interv Radiol 2002;13:883– 86

23. Zoarski GH, Snow P, Olan WJ, et al. Percutaneous vertebroplasty for osteopo-
rotic compression fractures: quantitative prospective evaluation of long-term
outcomes. J Vasc Interv Radiol 2002;13:139 – 48

24. Diamond TH, Champion B, Clark WA. Management of acute osteoporotic
vertebral fractures: a non-randomized trial comparing percutaneous verte-
broplasty with conservative therapy. Am J Med 2003;114:257– 65

25. Do HM, Marcellus ML, Weir RU, et al. Percutaneous vertebroplasty versus
medical therapy for treatment of acute vertebral body compression fractures:
a prospective randomized study. Proceedings of the Annual Meeting of the Amer-
ican Society of Neuroradiology, Vancouver, BC, Canada, May 2, 2002

26. Brown CJ, Friedkin RJ, Inouye SK. Prevalence and outcomes of low mobility in
hospitalized older patients. J Am Geriatr Soc 2004;1263–70

27. Lieberman IH, Dudeney S, Reinhardt MK, et al. Initial outcome and efficacy of
“kyphoplasty” in the treatment of painful osteoporotic vertebral compres-
sion fractures. Spine 2001;26:1631–38

28. Coumans JV, Reinhardt MK, Lieberman IH. Kyphoplasty for vertebral com-
pression fractures: 1-year clinical outcomes from a prospective study. J Neu-
rosurg Spine 2003;99:44 –50

29. Theodorou DJ, Theodorou SJ, Duncan TD, et al. Percutaneous balloon kypho-
plasty for the correction of spinal deformity in painful vertebral body com-
pression fractures. Clin Imaging 2002;26:1–5

30. Feltes C, Fountas KN, Machinis T, et al. Immediate and early postoperative
pain relief after kyphoplasty without significant restoration of vertebral body
height in acute osteoporotic vertebral fractures. Neurosurg Focus 2005;18:e5

31. Kasperk C, Hillmeier J, Noldge G, et al. Treatment of painful vertebral frac-
tures by kyphoplasty in patients with primary osteoporosis: a prospective
nonrandomized controlled study. J Bone Miner Res 2005;20:604 –12

32. Ledlie JT, Renfro M. Balloon kyphoplasty: one-year outcomes in vertebral
body height restoration, chronic pain, and activity levels. J Neurosurg
2003;98:36 – 42

33. Gaitanis IN, Hadjipavlou AG, Katonis PG, et al. Balloon kyphoplasty for the
treatment of pathological vertebral compressive fractures. Eur Spine J
2005;14:250 – 60

34. Berlemann U, Franz T, Orler R, et al. Kyphoplasty for treatment of osteopo-
rotic vertebral fractures: a prospective non-randomized study. Eur Spine J
2004;13:496 –501

35. Crandall D, Slaughter D, Hankins PJ, et al. Acute versus chronic vertebral
compression fractures treated with kyphoplasty: early results. Spine J
2004;4:418 –24

36. Rhyne A III, Banit D, Laxer E, et al. Kyphoplasty: report of eighty-two thora-
columbar osteoporotic vertebral fractures. J Orthop Trauma 2004;18:294 –99

37. Phillips FM, Ho E, Campbell-Hupp M, et al. Early radiographic and clinical
results of balloon kyphoplasty for the treatment of osteoporotic vertebral
compression fractures. Spine 2003;28:2260 – 65, discussion 2265– 67

38. Lane JM, Hong R, Koob J, et al. Kyphoplasty enhances function and structural
alignment in multiple myeloma. Clin Orthop Relat Res 2004;426:49 –53

39. Choe DH, Marom EM, Ahrar K, et al. Pulmonary embolism of polymethyl
methacrylate during percutaneous vertebroplasty and kyphoplasty. AJR Am J
Roentgenol 2004;183:1097–102

40. Garfin SR, Reilley MA. Minimally invasive treatment of osteoporotic vertebral
body compression fractures. Spine J 2002;2:76 – 80

41. Nussbaum DA, Gailloud P, Murphy K. A review of complications associated
with vertebroplasty and kyphoplasty as reported to the food and drug admin-
istration medical device related Web site. J Vasc Interv Radiol 2004;15:1185–92

42. Fribourg D, Tang C, Sra P, et al. Incidence of subsequent vertebral fracture
after kyphoplasty. Spine 2004;29:2270 –76, discussion 2277

43. Harrop JS, Prpa B, Reinhardt MK, et al. Primary and secondary osteoporosis’
incidence of subsequent vertebral compression fractures after kyphoplasty.
Spine 2004;29:2120 –25

44. Majd ME, Farley S, Holt RT. Preliminary outcomes and efficacy of the first 360
consecutive kyphoplasties for the treatment of painful osteoporotic vertebral
compression fractures. Spine J 2005;5:244 –55

45. Dittmer DK, Teasell R. Complications of immobilization and bed rest. I. Mus-
culoskeletal and cardiovascular complications. Can Fam Physician 1993;39:
1428 –32, 1435–37

46. Teasell R, Dittmer DK. Complications of immobilization and bed rest. Part 2:
Other complications. Can Fam Physician 1993;39:1440 – 42, 1445– 47

47. Cherasse A, Muller G, Ornetti P, et al. Tolerability of opioids in patients with
acute pain due to nonmalignant musculoskeletal disease: a hospital-based
observational study. Joint Bone Spine 2004;71:572–76

48. Babayev M, Lachmann E, Nagler W. The controversy surrounding sacral in-
sufficiency fractures: to ambulate or not to ambulate? Am J Phys Med Rehabil
2000;79:404 – 09

49. Turk DC, Brody MC, Okifuji EA. Physicians’ attitudes and practices re-
garding the long-term prescribing of opioids for non-cancer pain. Pain
1994;59:201– 08

50. Patel U, Skingle S, Campbell GA, et al. Clinical profile of acute vertebral com-
pression fractures in osteoporosis. Br J Rheumatol 1991;30:418 –21

51. Silverman SL. The clinical consequences of vertebral compression fracture.
Bone 1992;13:S27–31

52. Kallmes DF, Jensen ME, Marx WF, et al. A pilot study for a sham-controlled,
randomized, prospective, crossover trial of percutaneous vertebroplasty. Pre-
sented at the 40th Annual Meeting of the American Society of Neuroradiology,
Vancouver, BC, Canada, May 2, 2002

53. Garfin SR, Yuan HA, Reiley MA. New technologies in spine: kyphoplasty and
vertebroplasty for the treatment of painful osteoporotic compression frac-
tures. Spine 2001;26:1511–15

54. Watts NB, Harris ST, Genant HK. Treatment of painful osteoporotic vertebral
fractures with percutaneous vertebroplasty or kyphoplasty. Osteoporos Int
2001;12:429 –37

55. Levine SA, Perin LA, Hayes D, et al. An evidence-based evaluation of percuta-
neous vertebroplasty. Manag Care 2000;9:56 – 60

56. Murphy KJ, Lin DD. Vertebroplasty: a simple solution to a difficult problem.
J Clin Densitom 2001;4:185– 87

57. Brown DB, Gilula LA, Sehgal M, et al. Treatment of chronic symptomatic
vertebral compression fractures with percutaneous vertebroplasty. AJR Am J
Roentgenol 2004;182:319 –22

58. Myers ME. Vertebroplasty and kyphoplasty: is one of these procedures the
best choice for all patients? AJNR Am J Neuroradiol 2004;25:1297

59. McKiernan F, Faciszewski T, Jensen R. Quality of life following vertebroplasty.
J Bone Joint Surg Am 2004;86:2600 – 06

60. Ledlie JT, Renfro MB. Kyphoplasty treatment of vertebral fractures: 2-year
outcomes show sustained benefits. Spine 2006;31:65– 66

61. Jensen ME, Dion JE. Percutaneous vertebroplasty in osteoporotic compres-
sion fractures. Neuroimaging Clin N Am 2000;10:547– 68

62. Padovani B, Kasriel O, Brunner P, et al. Pulmonary embolism caused by acrylic
cement: a rare complication of percutaneous vertebroplasty. AJNR Am J Neu-
roradiol 1999;20:375–77

63. Vasconcelos C, Gailloud P, Martin JB, et al. Transient arterial hypotension
induced by polymethylmethacrylate injection during percutaneous vertebro-
plasty. J Vasc Interv Radiol 2001;12:1001– 02

64. Kaufmann TJ, Jensen ME, Ford G, et al. Cardiovascular effects of polymethyl-
methacrylate use in percutaneous vertebroplasty. AJNR Am J Neuroradiol
2002;23:601– 04

65. Deramond H, Wright NT, Belkoff SM. Temperature elevation caused by bone
cement polymerization during vertebroplasty. Bone 1999; 25(suppl
2):17S–21S

66. Wang GW, Wilson CS, Hubbard SL, et al. Safety of anterior cement fixation in
the cervical spine: in vivo study of dog spine. South Med J 1984;77:178 –79

67. Murphy KJ, Deramond H. Percutaneous vertebroplasty in benign and malig-
nant disease. Neuroimaging Clin North Am 2000;10:535– 45

68. Perez-Higueras A, Alvarez L, Rossi RE, et al. Percutaneous vertebroplasty:
long-term clinical and radiological outcome. Neuroradiology 2002;44:950 –54

AJNR Am J Neuroradiol 28:1439 – 43 � Sep 2007 � www.ajnr.org 1443


