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e Vertebral augmentation is a minimally invasive, image-guided procedure that involves the insertion of bone cement into
the fractured vertebral body. It is a treatment option for vertebral compression fractures that cause severe pain despite

e Data from blinded randomized trials on vertebroplasty diverge regarding its efficacy in osteoporotic vertebral compression
fractures (VCFs). Several sham-controlled trials have found no benefit over placebo, yet were flawed by methodological
limitations. A recent trial has demonstrated vertebroplasty to confer benefit over sham.

e Data from large randomized trials support the use of kyphoplasty for osteoporotic and neoplastic VCFs.

e The risk of complications from vertebral augmentation is low. Unrecognized leakage of bone cement outside the vertebral
body is the major source of complications, yet most leaks are asymptomatic.

INTRODUCTION

Vertebral compression fractures (VCFs) are a common
complication of osteoporosis and vertebral neoplasms,
and constitute a major source of morbidity and
mortality from these conditions [1]. For most patients
with VCFs, conservative therapies form the mainstay
of treatment, including analgesic medications, adjunct
devices such as orthotic braces, a period of bed rest, or
physical therapy. In those with milder pain and mini-
mal restriction of function, this management approach
may be sufficient. However, a subset of patients

will have severe pain and functional limitations
despite these measures, or may experience unaccept-
able adverse effects from narcotic analgesia and
immobilization. In this population, vertebral augmen-
tation is an effective, minimally invasive treatment
option.

Vertebral augmentation procedures involve the
percutaneous, image-guided infiltration of bone
cement into a fractured vertebral body. The primary
goal is relief from back pain, and secondary
goals include biomechanical stabilization of the
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vertebral body and improved mobility and functional
status. In vertebroplasty, cement is injected directly
into the VCF, while kyphoplasty involves the creation
of a cavity within the vertebral body for cement infil-
tration, commonly with the insertion of a balloon
tamp.

Experience has shown favorable patient outcomes in
pain relief and improved functional status. However,
there remains divided opinion as to the utility of verte-
bral augmentation procedures, with mixed results from
large randomized trials. This article will discuss current
issues in vertebral augmentation for VCFs and present
the latest data on efficacy and safety.

CONSIDERATIONS IN PROCEDURAL

TECHNIQUE

Indications

Vertebral augmentation is best performed in the

following situations

Acute (<6 weeks) symptomatic osteoporotic VCF, re-
fractory to medical management

Symptomatic VCF caused by spinal neoplasia refractory
to medical management

Subacute or chronic (>12 weeks) fractures refractory to
medical management may be considered with
advanced imaging selection and careful correlation
with clinical findings
Failure of medical management can be defined as

e Pain persisting to a level that compromises quality
of life, despite medical therapies

e Unacceptable adverse effects occurring because of
the analgesic doses required to relieve pain
A reasonable trial of medical management is 2 to

4 weeks, but earlier treatment may be considered for

those requiring high-dose narcotic analgesia or hospi-

talization because of pain.

Contraindications

Absolute contraindications include: sepsis or spinal
infection, known allergy to bone cement, uncorrectable
coagulopathy, myelopathy caused by facture retropul-
sion or epidural tumor extension, and inability to
tolerate procedural sedation or anesthesia because of
cardiopulmonary risk.

Relative contraindications are procedures with these
conditions should be treated only by experienced oper-
ators. They include: procedure above the level of T5,
loss of at least 75% of vertebral height, substantial
destruction of vertebral body walls, disruption to the
posterior cortex of the vertebral body, and epidural

extension into the central spinal canal or neural
foramina.

Preprocedural Imaging

Imaging of the spine should be performed in all poten-
tial augmentation procedures to confirm the fracture
level, assess acuity, and evaluate for possible contraindi-
cations or technical difficulties.

The initial imaging modality is often conventional
radiographs or computed tomography (CT). How-
ever, these modalities are limited in their capacity to
assess fracture acuity. MRI is the investigation of
choice. Acute fractures are optimally shown on a
combination of fluid-sensitive short-tau inversion
recovery (STIR) or T2-weighted fat-saturated fast
spin echo sequences, with bone marrow edema
represented by a T2 hyperintense signal, and a T1
hypointense fracture line occasionally visible.
Through MRI, the operator can assess the vertebral
body posterior cortex, spinal canal, neural foraminal,
and presence of avascular necrosis. The operator can
also evaluate for fracture retropulsion and epidural
tumor extension. CT may be used as an adjunct,
predominantly to assess integrity of the posterior
cortex.

Technetium-99m (99mTc) nuclear scintigraphic
bone scan is a useful alternative for patients with contra-
indications to MRI. Higher intake of the injected radio-
tracer represents acute unhealed fractures. A
combination of bone scan and single-photon emission
CT (SPECT-CT) allows 3-dimensional imaging and
anatomic evaluation.

Image Guidance

Fluoroscopic guidance is optimal for vertebral
augmentation procedures, allowing real-time moni-
toring of needle placement (Figs. 1 and 2) and cement
infiltration. Biplane fluoroscopy is preferred because of
multiple imaging plane assessment without the need
to move or realign equipment. Fixed fluoroscopic
equipment confers higher image quality and lower
risks of radiation exposure when compared with mo-
bile C-arms. As with preprocedure imaging, CT may
be utilized as an adjunct, and may here allow the
detection of small cement leaks because of high
contrast resolution [2,3].

Special Considerations

Vertebra plana

Safe placement of the augmentation needle becomes
challenging in cases of vertebra plana, in which verte-
bral body height is nearly completely lost. A bow-tie
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FIG. 1 (A) Transpedicular and (B) parapedicular approaches to the vertebral body. (A) The transpedicular
approach takes the needle from the posterior surface of the pedicle, through the pedicle’s length, and into the
vertebral body. (B) The parapedicular advances the needle along the lateral surface of the pedicle and
penetrates the vertebral body at its junction with the pedicle. This approach may achieve a more medial

position of the needle when treating smaller pedicles.

configuration of the vertebral body is commonly seen,
in which the center is maximally compressed, which
typically requires operators to place bilateral needles
with a more lateral final position of the needle [4].
Only a small amount of cement is generally necessary
for pain relief [5].

Multilevel treatments

Patients may have multiple painful VCFs that could be
treated in a single procedural setting, yet currently no
clear guidelines or evidence exist regarding the maximal
or optimal number of levels to treat. Multilevel treat-
ment has potential risks including increased postproce-
dural pain, extended operative time, or cement toxicity.
Two deaths have been reported in the literature in pa-
tients undergoing multilevel treatment of more than 8
concurrent levels [6]. Treating a maximum of 3 levels
in a single session is thus recommended [7,8].

EVIDENCE FOR EFFICACY

Evidence for the efficacy of vertebral augmentation has
evolved over time. Early positive results in observa-
tional studies and meta-analyses led to increased uptake
[9]. However, since that time, contrasting results have
been demonstrated by large trials.

Vertebroplasty

Early evidence

The 2007 VERTOS trial was the first to compare verte-
broplasty with medical management in the treatment
of osteoporotic VCFs [10]. In the 34 patients random-
ized to receive vertebroplasty (n = 18) or medical man-
agement (n = 16), significant pain relief was reported
by 1 day after the procedure. Vertebroplasty resulted
in significant reduction in visual analogue scale (VAS)
pain scores (from 7.1 to 4.7), as well as reductions in

FIG. 2 Needle trajectory for a unilateral transpedicular approach in the lumbar spine. (A) Lateral fluoroscopic
image of the vertebral body prior to vertebroplasty. The needle trajectory is extrapolated during initial
transpedicular access to achieve final needle position in the midline on (B) lateral and (C) anteroposterior

fluoroscopic images.
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postprocedural analgesic requirements and improve-
ments in disability and quality of life questionnaire
scores. However, this trial was limited by its small size
and lack of blinding.

In 2009, 2 high-profile multicenter randomized
controlled trials (RCTs) were published in the New En-
gland Journal of Medicine (NEJM), comparing vertebro-
plasty with a sham procedure. The results of both
trials diverged from earlier data, calling into question
the effectiveness of vertebroplasty. The INVEST trial
randomized 131 patients to receive vertebroplasty
(n = 68) or a sham procedure that consisted of inject-
ing local anesthetic onto the periosteum of the pedicle
combined with placing pressure on the patient’s back
[11]. At 1 month after the procedure, there was no dif-
ference between groups in back pain scores or
disability measures (quantified by Roland Morris
Disability Questionnaire [RMDQ)]). The second 2009
trial, by Buchbinder and colleagues [12], included 78
patients allocated to undergo vertebroplasty (n = 38)
or a sham procedure involving the insertion of a blunt
stylet needle onto the lamina. As with INVEST, no sig-
nificant difference was observed between groups in
terms of pain scores, disability, or quality of life at
any follow-up time point.

These studies are subject to methodological limita-
tions. Both trials included fractures of up to 12 months
in age. Neither study required patients to undergo phys-
ical examination prior to the procedure. INVEST did not
require advanced imaging with MRI or bone scan prior to
the procedure; this may have caused radiologically occult
adjacent fractures, which may have contributed to back
pain, to be missed. The sham procedure utilized in
INVEST-involved infiltrating local anesthetic into the
periosteum of the fractured vertebral body, which may
have acted as an active control by resolving pain origi-
nating from adjacent structures. Neither study performed
long-term follow-up. In response to criticism of the lib-
eral inclusion criteria and the lack of long-term outcome
evaluation, Kallmes and colleagues [13] published a
2013 study that followed the INVEST cohort over
12 months. At 12-month follow-up, there was a modest
pain reduction in the vertebroplasty arm, although no
differences in disability measures were found.

In 2012, a meta-analysis was published that
included prospective randomized and nonrandomized
trials comparing vertebroplasty with conservative or
sham therapy for osteoporotic VCFs [14]. In the 9 trials
analyzed, including INVEST, Buchbinder, and VERTOS
11, no difference in pain relief was found between verte-
broplasty and sham procedure groups. However, verte-
broplasty was superior to conservative medical

management at all time points studied, in both pain re-
lief and quality-of-life measures.

There remained no large RCT comparing vertebro-
plasty and medical management until the publication
of VERTOS 1II in 2010 [15]. The authors included only
acute fractures of less than 6 weeks duration, with
pain severity of at least 5 of 10, focal tenderness on ex-
amination, and acute unhealed fracture demonstrated
as bone marrow edema on MRI. In total, 202 patients
were randomized equally to receive vertebroplasty or
medical therapies. After 1 month, significant reductions
in back pain were observed in the vertebroplasty group
compared with conservative management, and this ef-
fect was durable at 1-year follow-up. Quality of life
(measured by several questionnaires) was also
improved in the vertebroplasty group. However, this
trial was limited by a lack of blinding.

Further similar trials followed. In 2011, Farrokhi and
colleagues [16] compared vertebroplasty with medical
management for osteoporotic VCFs, randomizing 82
patients to receive vertebroplasty or conservative thera-
pies. At 1 week, vertebroplasty resulted in greater reduc-
tions in back pain and quality-of-life measures; these
effects were durable to 6 months and 36 months,
respectively. Vertebroplasty also resulted in increased
vertebral body height and reduction in kyphosis. Blasco
and colleagues [17] performed a similar RCT in 2012,
randomizing 125 patients to receive vertebroplasty
(n = 64) or medical management (n = 61). Significant
reductions in VAS and analgesic requirements were
observed in the vertebroplasty group.

Recent evidence
In 2016, the VAPOR trial (Vertebroplasty for Acute
Painful Osteoporotic Fractures) was released, aiming
to compare vertebroplasty with a sham procedure,
thus ensuring blinding, while also addressing some of
the limitations of the 2009 trials [18,19]. The 120
enrolled patients were randomized to receive vertebro-
plasty (n = 61) or a sham procedure that involved the
injection of local anesthetic into subcutaneous tissue
(n = 59). All fractures were less than 6 weeks old; all
were imaged with MRI or SPECT, and a pain threshold
of greater than 7/10 was required for inclusion. After
2 weeks, significant pain reduction was observed in
the vertebroplasty group, and this effect was durable
to 1 and 6 months follow-up. Vertebroplasty resulted
in improved quality-of-life measures, improved func-
tional capacity, reduced analgesic requirement, and
increased vertebral body height.

A 2016 prospective study by Yang and colleagues
[20] followed, with 135 patients enrolled to receive



vertebroplasty or conservative management. Vertebro-
plasty resulted in faster and greater pain relief and
improved quality of life at all time points: 1 week,
1 month, 3 months, 6 months and 1 year. Follow-up
surveys indicated that patients who received vertebro-
plasty had greater overall satisfaction with their treat-
ment compared with those receiving medical
management.

VERTOS IV, published in 2018 in the British Medical
Journal (BMJ), is the most recent large RCT of vertebro-
plasty for osteoporotic VCFs [21]. In contrast to more
recent trials, but in line with the findings of the 2009
studies, VERTOS IV found that vertebroplasty
conferred no benefit over a sham procedure. The 176
patients were aged 50 years or older, with VCFs of
up to 9 weeks in age, and were randomly allocated
to receive vertebroplasty or a sham procedure. All pa-
tients received infiltration of local anesthetic into
each pedicle. The sham procedure then involved peri-
osteal placement of needles followed by simulated
cement injection, while those in the vertebroplasty
group underwent cementation. At all time points
over the 12-month period, both groups demonstrated
clinically and statistically significant reduction in pain
and improved quality of life. However, there was no
significant  difference between groups in these
measures.

The findings of VERTOS IV suggest a potential for
periosteal anesthetic infiltration in VCF patients,
which may be evaluated in further open-label trials.
However, results should be carefully scrutinized and
viewed in conjunction with those of other recent tri-
als. VAPOR included hospitalized patients and outpa-
tients with severe pain (>7/10), in whom
vertebroplasty was offered without delay; VERTOS
IV included only outpatients. In VAPOR, vertebro-
plasty was performed earlier than in VERTOS IV
(mean pain duration of 2.8 weeks compared with
6.1 weeks), while VERTOS IV had a delay of
13 days between recruitment and the procedure.
Indeed, the findings of VAPOR showed the maximal
benefits of vertebroplasty to occur in fractures less
than 3 weeks in duration; 88% of VAPOR patients
had fractures aged 4 weeks or less, compared with
only 25% in VERTOS IV. This later treatment is of
particular importance, given the potential for verte-
broplasty to prevent spinal deformation and collapse,
if performed early enough before these effects prog-
ress. Notably, both VAPOR and VERTOS IV compared
radiographs of both cohorts over time, demonstrating
improved anatomic outcomes after vertebroplasty
compared with placebo.
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Kyphoplasty

The first large multicenter RCT to evaluate kyphoplasty
for VCFs was the 2009 FREE trial (Fracture Reduction
Evaluation) [22]. In total, 300 patients were enrolled,
with inclusion criteria of severe back pain of less than
3 months duration, focal tenderness on examination,
and MRI demonstrating bone marrow edema, loss of
vertebral body height or pseudoarthrosis. Both osteopo-
rotic and neoplastic fractures were included. At 1 month,
patients receiving kyphoplasty (n = 149) demonstrated
significantly improved back pain and quality of life
(measured by RMDQ and Short Form 36 Health Survey
[SE-36] physical component summary scale) when
compared with those receiving medical management
(n = 151). Reduced pain scores and reduced analgesic
requirements were also observed in the kyphoplasty
group, and these effects were durable to 6 months. At
2-year follow-up, there remained a significant reduction
in pain scores in the kyphoplasty group, although there
were no longer significant differences in quality-of-life
scores.

The CAFE (Cancer Patient Fracture Evaluation) trial
was a multicenter RCT comparing kyphoplasty with
conservative management for malignant VCFs [23].
One hundred thirty-four patients were included, with
neoplastic fractures causing severe pain of no more
than 4 of 10, RMDQ disability score of no more than
10, and vertebral fracture demonstrated on plain radio-
graphs or MRI. Kyphoplasty resulted in significantly
reduced RMDQ scores, pain, and analgesic use, as well
as improved quality-of-life measures. However, despite
all participants being cancer patients, the precise histol-
ogy of VCFs was not known or histologically investi-
gated. It was not known if the fracture was caused by
metastasis, osteoporosis, or radionecrosis; it is also
possible that the etiology was a combination of the fac-
tors mentioned. CAFE was also limited by a lack of
blinding.

EVOLVE is the most recent and largest study of
kyphoplasty efficacy to date [24]. In total, 350 patients
received kyphoplasty for painful VCFs, and were pro-
spectively followed to evaluate short- and long-term out-
comes. By 1 week, kyphoplasty had resulted in
significantly reduced back pain, functional status, and
quality-of-life scores, as well as reduced opioid analgesic
requirement. These effects were durable at all time points
measured (1 weekand 1, 3, 6, and 12 months), with 12-
month follow-up revealing an average 72% reduction in
back pain scores across participants.

A curette may be utilized as an adjunct in kypho-
plasty, either before or after inflation of the balloon,
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to scrape away sclerotic bone that might prevent the
restoration of vertebral body height. The 2013 SCORE
trial aimed to evaluate this method in 112 patients
receiving kyphoplasty for osteoporotic VCFs [25]. Pa-
tients were randomly allocated to receive kyphoplasty
procedures in which curetting was performed either
before balloon inflation (n = 57), or after inflation, fol-
lowed by a second balloon tamp (n = 55). Both treat-
ment approaches resulted in significantly improved
pain relief and vertebral body height, with no signifi-
cant difference observed between groups.

Comparing Vertebroplasty with Kyphoplasty
The 2014 KAVIAR trial directly compared vertebroplasty
and kyphoplasty for osteoporotic VCFs [26]. The 381
enrolled patients with acute painful VCFs caused by
osteoporosis were randomized to receive vertebroplasty
(n = 190) or kyphoplasty (n = 191), and were not
blinded to the treatment received. All fractures were
confirmed by imaging with MRI, bone scan, or CT.
Although the trial was terminated early, similar im-
provements in back pain and functional outcomes
were observed across both groups. Operative time was
shorter in vertebroplasty, while kyphoplasty led to
lower rates of cement extravasation, as demonstrated
on CT.

In a smaller trial, Liu and colleagues [27] compared
vertebroplasty and kyphoplasty for osteoporotic VCFs.
The 100 patients were randomized equally into verte-
broplasty and kyphoplasty arms, with both groups
demonstrating reductions in back pain and improved
vertebral body height and kyphotic wedge angle. There
was no significant difference in clinical outcomes be-
tween groups, yet because of the higher procedural costs
of kyphoplasty, the authors recommended vertebro-
plasty for osteoporotic VCFs.

Similar results were demonstrated by Rollinghof and
colleagues [28], who performed a prospective study of

90 patients receiving either vertebroplasty or kypho-
plasty. Both procedures resulted in significantly
improved back pain and quality of life, with no differ-
ence seen between groups. However, kyphoplasty was
superior in restoring height of the vertebral body.

EVIDENCE FOR SAFETY

Overall Complications

The overall risk of complications from vertebral
augmentation is low. Across major RCTs evaluating
augmentation for osteoporotic VCFs, the rate of serious
complications is approximately 1% [6,29,30]. In VER-
TOS 1I, the only complications in the vertebroplasty
group were 1 urinary tract infection (UTI) and 1 case
of asymptomatic cement leakage into a pulmonary ar-
tery branch. The Buchbinder trial reported 1 self-
resolving thecal sac injury, while in INVEST, there was
1 case of osteomyelitis in a patient who did not receive
prophylactic antibiotics. In VAPOR, 1 patient suffered
respiratory arrest following sedation prior to vertebro-
plasty, yet was able to undergo the procedure unevent-
fully 48 hours later. One patient in the vertebroplasty
group sustained a humeral fracture during transfer
onto the procedure table.

Cement Leakage

Extravasation of bone cement outside the vertebral
body constitutes the major source of vertebral augmen-
tation complications (Fig. 3). When postprocedural CT
is performed, asymptomatic leakage is commonly seen.
Symptomatic leakage is rare. VERTOS II found that 72%
of VCFs treated by vertebroplasty demonstrated some
degree of leakage on CT, yet no leakage occurred into
the spinal canal, and all patients remained symptom-
atic. Lower rates of leakage have been reported by other
RCTs: 36% in a study by Buchbinder and colleagues,
and 34% in VAPOR.

FIG. 3 During percutaneous kyphoplasty, (A) a balloon is inflated to create a cavity into which PMMA cement
can be instilled. (B) The cavity is filled with PMMA, which then extends into the remaining vertebral body. (C) A
small asymptomatic cement leak was observed from the inferior endplate.



Embolization of cement toward the pulmonary ar-
teries is not uncommon, with rates of 5% to 23%, yet
most embolization events are asymptomatic and pro-
duce no adverse outcomes.

Kyphoplasty was developed as an alternative to ver-
tebroplasty with a theoretically lower risk of cement
leakage due to cement being injected into the low-
resistance cavity created by the balloon tamp [31].
Indeed, rates of leakage are consistently lower in trials
of kyphoplasty compared with vertebroplasty, occur-
ring in 27% of treated VCFs in the FREE trial and only
2 of 70 patients in the CAFE trial.

The risk of cement leakage is potentially higher in
VCFs because of malignant neoplasms, due to regions
of tumor-destroyed bone at the vertebral cortex. In a
retrospective study of CT-guided vertebroplasty for ma-
lignant VCFs, local cement leakage occurred in 59% of
vertebrae. Pulmonary cement emboli were evident on
2% of plain chest radiographs and 11% of chest CT
scans [32].

Subsequent Vertebral Fractures

Despite claims that vertebral augmentation increases
the risk of new or adjacent-level VCF, it is unlikely
that this is the case [33]. In 2017, Zhang and colleagues
[34] performed a meta-analysis of 12 comparative
studies encompassing 1328 patients, comparing the
rate of new VCFs following augmentation and conserva-
tive treatment. No difference was seen between groups
in the number of total new vertebral fractures or adja-
cent fractures. Anderson and colleagues found compa-
rable results in their meta-analysis, which revealed no
significant differences between vertebral augmentation
and conservative groups in rates of subsequent VCF.
Papanastassiou and colleagues [35] evaluated level 1
and 2 data on vertebral augmentation; they demon-
strated that the rate of subsequent fracture for patients
treated with vertebral augmentation was 12%,
compared with 23% for those treated with conservative
management.

In 2017, a biomechanical study of cadaveric spines
aimed to evaluate the effect of VCFs and vertebroplasty
on vertebral deformation and loading [36]. Vertebral
fractures resulted in deformations to both the fractured
vertebral level and the adjacent level, and caused trans-
ferred loading onto the neural arch. Vertebroplasty of
the VCF resulted in significant reduction of these effects,
reducing anterior vertebral body deformation by 62% at
fractured levels, and 52% at adjacent levels.

Eichler and colleagues [37] aimed to assess the po-
tential benefits of prophylactic vertebroplasty to reduce
postaugmentation adjacent level VCF. Thirty-seven
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patients treated with kyphoplasty for osteoporotic
VCFs were included and received either kyphoplasty
alone (n = 19) or kyphoplasty with additional verte-
broplasty at the adjacent level (n = 18). Adjacent-
level prophylactic vertebroplasty did not reduce the
rate of subsequent VCFs after kyphoplasty. The authors
concluded that adjacent-level VCFs following vertebral
augmentation are most likely attributed to underlying
disease mechanisms rather than the procedure.

Mortality Benefit?

The excess mortality risk from osteoporotic VCF is
considerable [38]. There is some evidence that vertebral
augmentation may confer mortality benefit, although
none of the currently published large RCTs were pow-
ered to assess mortality reduction.

In 2017 to 2018, a review of US Medicare data was
performed, encompassing 261,756 kyphoplasty pa-
tients and 117,232 vertebroplasty patients [39]. The
years following the 2009 NEJM RCTs saw a sharp
decline in vertebral augmentation procedures. During
this time period, an elevated mortality risk was seen
in VCF patients when compared with the years preced-
ing 2009 when vertebral augmentation was more
commonly performed.

The first population-based comparison of mortality
risk between augmentation, and conservative manage-
ment was performed in 2011 and included 858,978 pa-
tients treated with kyphoplasty, vertebroplasty, or
medical management [40]. There was a significantly
higher survival rate in those patients receiving augmenta-
tion (60.8% compared with 50%). At 4-year follow-up,
median life expectancy was 2.2 to 7.3 years greater across
the interventional groups compared with conservative
management. The same authors published a similar retro-
spective comparison in 2015, with 1,038,956 VCF patients
(141,343 kyphoplasty; 75,365 vertebroplasty) [41]. The
conservatively-managed cohort had a 55% higher mortal-
ity risk than the kyphoplasty arm, and a 25% higher risk
than the vertebroplasty arm. Notably, in the conservative
arm there were higher rates of pneumonia, urinary tract
infection (UTI), deep vein thrombosis, and cardiac com-
plications than the augmentation cohort.

Contrasting results were reported by McCullough
and colleagues, who utilized Medicare claims data to
select 9017 patient pairs treated with vertebral augmen-
tation or conservative management, matched by demo-
graphics and comorbidities [42]. Although initial
mortality rates were lower in the vertebral augmenta-
tion cohort, there were no significant differences be-
tween groups in mortality at 1 year. However, authors
attempted to control selection bias by matching
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comorbidities between groups, yet only considered a
narrow set of comorbidities, thus not accounting for
other conditions that may have potentially led to VCFs.

SUMMARY

The current status of vertebral augmentation as a treat-
ment for painful VCFs remains in some ways controver-
sial. Evidence for its efficacy has evolved over time,
particularly because of the difficulties designing an
adequately blinded trial that is able to compare
augmentation with its real-world alternative. The nega-
tive results from 2 2009 sham-controlled RCTs of verte-
broplasty cast doubt onto its efficacy. Subsequent trials
aimed to mitigate the methodological limitations of
these studies, utilizing robust inclusion criteria and
finding vertebroplasty to be effective. However, a recent
sham-controlled RCT follows the path of the 2009 tri-
als, showing no difference in pain outcomes between
vertebroplasty and placebo. Two large RCTs comparing
kyphoplasty with conservative management demon-
strated its benefit, although a trial comparing kypho-
plasty with a sham has not yet been performed. The
risk of serious complications from vertebral augmenta-
tion is extremely low, and there is meaningful evidence
to suggest that vertebral augmentation confers a mortal-
ity benefit in VCF patients compared with medical
management.
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