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Abstract

Vertebral compression fractures (VCFs) are a common cause of back pain and disability and are usually
osteoporotic in‘nature. Therapy aims to adequately control pain and allow early mobilisation and return
of function while"préventing additional fractures. A proportion of patients do not achieve adequate pain
relief using conservative measures alone. Unwanted adverse effects from medications may also ensue.
Vertebroplasty represents an alternative treatment option for VCFs. Patients with acute VCFs (<6 weeks
old) may gain the most benefit from vertebroplasty as healed fractures are not as amenable to cement
injection. High-quality studies have reported conflicting results regarding the use of vertebroplasty in the
treatment offacute VCFs. Despite high quality evidence, varying study designs and heterogenous patient
cohorts makeninterpretation of this data difficult. Only one sham-controlled randomised controlled trial
(RCT) hasrevaluated vertebroplasty exclusively in patients with acute VCFs, reporting favourable results.
Pooled data fromyRCTs also suggests vertebroplasty to be safe. This article provides a concise and
critical review'of the current literature regarding vertebroplasty for the treatment of acute VCFs.

INTRODUCTION

Vertebral compression fractures (VCFs) are the most common osteoporotic fraittuie,

similar mortality*to hip fracture5 Although many patients with VCFs do not seek medical
attentiony=thoser who do often present with pain. In 20% of these cases, inpatient
hospitalisation™is required due to symptom sevéritgufficient analgesia to allow
mobilisation and return of function is the primary aim of VCF therapy. Conservative
management includes pharmaceuticals, bracing, physiotherapy and long term modification of
osteoporetic risk factorslt has been shown that conservative therapy is inadequate in many
patients with VV@Fs and analgesia may precipitate unwanted side-&ff@mscing may also

be poorly tolerated and has been showtead to adverse health outcorfies.
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There has been an increasing interest surrounding the role of vertebroplasty for the treatment
of VCF-related back pain. Vertebroplasty involves image-guided injection of
polymethylmethacrylate (PMMA) into the fractured vertebra. This procedure is hypothesised
to provide mechanical stability and prevent further collapse and deformity. The proposed

mechanismrofits analgesic effect is the prevention of micromotion through fracture fixation.

Controversy surrounds the clinical utility of vertebroplasty. While it is well established that
vertebroplasty is unlikely to provide benefit for older VCFs, its use for acute VCFs is unclear
(VCF age <6, weeks). For the purpose of this review, we will use the term ‘acute’ to refer to

VCFs <6 “weeks old. Four published sham-controlled trials have included differing
proportions’of patients with acute VCFs, with only one of these exclusively enrolling patients
with VCFs <6 weeks old. This upto-date comprehensive review summarises the current

literature regarding the use of vertebroplasty for acute VCFs.

OPEN-LABEL-RANDOMISED CONTROLLED TRIALS
Three open-label RCTs have evaluated the safety and efficacy of vertebroplasty in acute

VCFs (table"1). Rousing et al. were the first to compare vertebroplasty to conservative
management«in a randomised setting (n250ylost patients had osteoporotic fractures <2
weeks old (n=40) with the remaining fracture ages between 2-8 weeks. Median fracture ages
in the vertebroplasty group was 8.4 days and 6.7 days in the conservative arm. Acute
fractures were diagnosed on plain film radiographs if a single fracture could be identified. If
multiple fractures were visible, magnetic resonance imaging (MRI) was used to differentiate
acute from_chronic fractures. Volume of PMMA used was not reported. The vertebroplasty
group reporting significant improvement in Visual Analogue Scale (VAS) pain sabgds

hours and'.1.month compared to conservative management, suggesting that vertebroplasty
may be anTappropriate treatment for patients with severe acute/subacute fracture pain. The
vertebroplasty=group also required shorter hospital stay to achieve pain control, however this
group alsashad less significant pain at baseline. No significant difference in these scores were
seen at 3 oryl2 months, although this trial was not powered for the 3 month endpoint.
Weaknesssof this study include its small single-centre nature and the missing baseline VAS
scores for 27% of patients. The delay between enrolment and performance of vertebroplasty

was also not stated.
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VERTOS Il was the first RCT to exclude patients with VCFs >6 weeks old (n=202) and was
the first study to support the use of vertebroplasty in acute/subacute'M@&dian duration

of back pain in the vertebroplasty group was 29.3 days and vertebroplasty was performed at a
mean of 5.6 weeks after pain onset. VERTOS Il reported a statistically significant
improvementinVAS scores at all time points (1 day, 1 week, 1, 3, 6 and 12 months) with
vertebroplasty compared to conservative management. Patients required significantly less
analgesia "after 1 day and 1 month following vertebroplasty, however this benefit did not
persist. As significant improvement in disability and QoL was also reported in the
vertebroplasty group, with patients gaining an average of 120.3 pain free days (VAS <3).
Criticismsef this study included the lack of a sham procedure and the potential for these
findings to”be placebo-related. Post-hoc analysis also showed 60% of patients achieved

adequate pain €ontrol within 12 months.

Only one RCT has evaluated the safety and efficacy of vertebroplasty in patients with VCFs
<3 weeks old (n=135)."* Mean duration of back pain in the vertebroplasty group was 5.5 days
and vertebreplasty was performed at a mean of 8.4 days after injury. At all time points over a
1 year period,/ vertebroplasty provided significantly more pain relief than conservative
management as measured by VAS scores. Perceived benefits were significantly greater at 1
year followingsvertebroplasty. Disability and QOL scores also significantly improved at all
time points during follow up. In addition to being non-blinded and having no placebo group,
one major_limitation was that conservatively treated patients were required to lie in bed for 2
weeks following diagnosis. This is not usual practice given the well-established sequelae of
immobility.* Participants in the vertebroplasty group also did not receive supplementary

analgesia.

BLINDED RANDOMISED CONTROLLED TRIALS

Four blinded"RCTs have assessed vertebroplasty in patients with acute VCFs. Two of these

were publishedconcurrently in 2009 and reported unfavourable results with vertebroplasty.
Buchbinderset al. reported no significant difference in pain reduction, quality of life scores,
physical funetiening or perceived improvement at any time point over a 6-month period with
vertebroplasty compared to the sham group (n=7Bledian duration of back pain in the
vertebroplasty group was 9 weeks (IQR 3.8-13) and the proportion of patients with VCFs <6
weeks was low in both groups (32% in each). Patients with back pain up to 12 months were
recruited Physical examination was not required. Despite having a target enrolment of 200
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102 patients, slow recruitment led to only 78 participants after 64% of eligible participants
103 declined involvement. Additionally, two of the four enlisted hospitals withdrew meaning that
104 68% of the procedures were performed in one hospital by one radiologist, raising the
105 possibility of selection bias. Blinded RCT power analysis is usually based on detecting a 15%
106 difference fim"mean pain outcomes requiring 120 patients and thus this study was
107 underpowered.

108

109 The Investigational Vertebroplasty Efficacy and Safety Trial (INVEST) also reported

110 unfavourable results with vertebroplasty compared to sham (n¥1Badh groups reported a

111 similar imprevement in pain and disability after 3 days. No significant difference in pain,

112 disability or quality of life was seen between groups after 1 month either, however there was
113 atrend towards a significantly higher rate of clinically meaningful improvement in pain

114 (>30% from baseline) with vertebroplasty (64% vs 48%, p=0.06). Mean duration of back

115 pain was l6-weeks (IQR 10-36) and patients were required to undertake 4 weeks of medical
116 therapy priorto.enrolment, essentially excluding all patients with acute fractures. Forty

117 percent of participants had fractures <3 months while 36% had fractures >6 months. The
118 proporion of patients with back pain of <6 weeks is not stated. Again, patients with back

119 pain upte=l2 months were recruited. MRI or radio-isotope bone scan was only performed if
120 the fracturesage was uncertain meaning that radiographically occult fractures may have been
121 missed and patients with n&fEF-related pain may have been includ8dventy percent of

122 patients eligible for inclusion declined, again raising concerns about patient selection.

123 Investigators.also suggested that patients in the control group likely had undetected

124  unsatisfactory pain outcomes as the 3-month crossover rate in the control group was high
125 (51%).

126

127 VAPOUR- was"the first double-blinded sham-controlRGT to evaluate vertebroplasty in

128  patients exclusive with VCFs <6 weeks old.” It is the only blinded trial powered to detect a
129 15% difference in patients with &CF age of <6 weeks. VAPOUR’s clinical primary

130 endpoint:'was conversion from severe to mild pain at 2 weeks, with severe pain defined as
131 an NRS>7/10 atibaseline (enrolment criterion) and mild pain defined as an NRS <4/10. This
132 is the only blinded trial to define a clinically significant benefit measured in individual
133 patients rather than compare mean group pain scores. Significantly more patients had an NRS

134 pain score <4 at 10-14 days following vertebroplasty compared to sham (44% vs 21%;
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p=0.01). This advantage persisted at all time points to 6 months, with the biggest difference
between groups seen at 4 weeks. Mean reduction in NRS pain was also significantly greater
with vertebroplasty at all time points up to 6 months. Additionally, vertebroplasty resulted in
significantly less analgesic use at 3 months and 6 months, a significantly improved general
QoL at Trand*6"months and a significantly improved disease-specific QOL at 14 da&ys and
months. These led to a median reduction of 5.5 hospital inpatient days in the vertebroplasty
group which, in"a double-blinded study, must be due to improvement in pain and function
Interestingly, 7% of patients had VCFs <3 weeks old. There was a trend towards
significance,in,the subgroup analysis between patientsWaifls <3 and >3 weeks, although

there were, insufficient patient numbers in the VCF >3 week group to achieve statistical
significance YAPOUR assessed 302 patients for suitability and 22% (n=34) refused to
participate, considerably less than that of Buchbinder et al. and INVEST. The major
limitation of VARPOUR was the bias towards a single centre, with 85% of procedures were

performed at one institution.

VERTOS |Vqissthe most recent double-blinded sham-controlled RCT to evaluate the safety
and efficacy of vertebroplasty in VCFs (n=180)Patients were recruited via written
guestionnaires from referrals for spinal radiographs rather than referrals for vertebroplasty.
Median duration of back pain prior to vertebroplasty was 6.1 weeks (IQR 4.1-8.7). Mean
VAS scores did not differ between groups at multiple time points between 1 day and 1 year
postprocedure despite both groups showing improvement. Analgesia use, QoL and disability
during 12-month follow up were also similar between groups. Despite the published protocol
listing inclusion criteria of VCF <6 weeks, a number of patnts with VCFs <9 weeks were
included due _to slow recruitment (24% of vertebroplasty group, 14% of sham group).
However, this is still misleading as fracture age was calculated at the time of radiography and
there was .a.13-day delay (IQR 7-18 days) between this and intervention. As a result,
approximately*50% of patients had fractures over 6 weeks old at the time of vertebroplasty

and someareslikely to be closer to 12 weeks of age.

META-ANALYSES

The first two published placebo-controlled RCTs were combined in a 2011 meta-analysis by

Staples et af. By publishing concurrently and meta-analysing, the power issue of these
papers individually was improved however their inherent limitations remained.

Unsurprisingly, this analysis reported no significant difference between placebo and
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vertebroplasty groups with respect to pain, disability or health status at any time point up to 1
month. Subgroup analysis again reported no difference between groups based on pain >6
weeks, severe pain at baseline or mild/moderate pain at either the two weeks/one week or one
month time points. Staples et al. also reported no difference between groups with pain

weeks, however this study was underpowered for this analysis (25 vertebroplasty patients,
power for 15% difference required 60 patienfésR012 meta-analysis of 9 published

prospective trials found that the efficacy of vertebroplasty on pain relief for patients with

acute VCFRs was greater than that of non-operative therapy at 1 to 29 days and af 90 days.
Several other meta-analysis have supported the use of vertebroplasty, however these have not
reported on.outcomes relating specifically to acute VASES.

The first Cochrane review for vertebroplasty was published in 200lis also detailed the
review protocol 'which has not been updated and still applies to the more recent Cochrane
review published in 2018. This included 21 trials and declared that toighederate-quality
evidence suggested vertebroplasty provides no clinically important benefits with respect to
pain, disability;QoL or treatment success after 1 m&nio mention was made of these
outcomes ‘after.this time point. Subgroup analysis also suggested that VCF age did not impact
the efficacy of vertebroplasty<§ weeks vs >6 weeks). VERTOS IV was the dominant
weight in this.analysis and the entire vertebroplasty group from this trial was included in the
subgroup analysis foWCFs <6 weeks despite approximately half these patients having
VCFs >6 weeks old. This review also lists VERTOS IV as fracture duration <9 weeks which
is false. Consequently, approximately one quarter of this subgroup actually had VCFs >6
weeks old and thuthis conclusion is misleading. The safety of vertebroplasty was again
deemed to_be unclear. A revised Cochrane review released in June declared that
vertebroplasty provided ‘little clinical benefit’ in treating VCFs despite including the same

trials as,the_ original review after receiving complaints about the original report (discussed

below)?*

CONTROVERSY
The quality“of,evidence assessing the clinical utility of vertebroplasty is variable. The

interpretation of these results is challenging due to the disparate clinical variables of each
blinded trial and the difficultly associated with comparing open-label and blinded.RCTs
These are summarised in table 2. VAPOUR is the only double-blinded sham-controlled RCT
to support the use of vertebroplasty in acute VCFs. It also possesses a unique patient cohort.
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Participants were older and had more severe pain compared to other trialsa with
substantially higher pain score (NR®) required for inclusion. It is the only blinded trial to

list osteoporosis as inclusion criteria and the majority of participants were inpatients. Fracture
age at enrolment was also considerably less as this stulg only blindedRCT to truly
exclude patients with VCFs >6 weeks old.

VAPOUR used more PMMA cement compared to other RCTs, likely reflecting how the
volume ofiPMMA accepted by bone without undue resistance is higher in fresher fractures.
The principle of the VAPOUR trial was to support the bone top to bottom and side to side
which requiresdarger PMMA volumes, particularly in more acute fractunestdbral fill
technique”)i® Attempting to inject this volume into older fractures is not possible and not
recommended‘and it is the distribution of cement, not the volume, which is the technical end-
point. The smaller volumes in the 2009 trials reflects the chronicity of fractures, which resist

PMMA injection after healing.

Vertebroplasty«Cochrane reviews have relied exclusively on the meta-analysis of blinded
trials to draw itsiconclusions. Meta-analyses possess the benefit of statistically analysing
larger patient populations over multiple sites. This is particularly useful when individual
studies are underpowered as seen with Buchbinder et al. and INVEST. However, analysed
studies should possess similar patient populations receiving similar treatments. When patient
groups are heterogenous the conclusion is less robust. These Cochrane reviews have
combined VAPOUR with clinically different trials, despite protocol specifying that
heterogeneous ttials would be analysed individfalBifferences in baseline pain,
hospitalisation status, timing of intervention, presence and severity of osteoporosis and
vertebroplasty technique are crucial differences between included trials. Additionally, when
combining heterogenous studies, the dominant weighting from one trial, as seen with
VERTOS Vjis'compounded further. For studies with conflicting results and heterogenous
cohorts, itis'often more appropriate to analyse studies individually. This also allows for more
targeted patient selection in clinical practice. Despite a letter of complaint to Cochrane

addressing these issues and more, they remairted November 2018 updéfte.

SAFETY
Safety outcomes can be summated from both blinded and open-label RCTs. These confirm
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that the risks are small. Nevertheless, a number of clinically important adverse events may
occur with vertebroplasty. These include spinal cord compression, neurological deficits,
cement embolism and osteomyelftisRecent Society of Interventional Radiology (SIR)
guidelines report major complications as <3¥The most common complication with
vertebroplasty=is cement extravasation. The reported incidence of local extravasation is
41.2% (with 98% considered minor) and distant cement embolus is 0. Cément
embolism is"Gisually asymptomatic but rates as high as 26% have been r&portdtition

to cementgextravasation rarely being problematic, it may be so that the incidence of PMMA

extravasation reduces with more acute fractures and the use of newer, high viscosity PMMA.

Whilst it issthaught thaanincreased cement volume aims to stabilise an acutely collapsed
fracture, this'is"at the expense of a greater risk for cement extravasataspite using a

larger volume of.cemeny APOUR’s serious complication rate was still below standard
stipulated in SIR guidelines. However, care should be taken when injecting large volumes of

cement as the optimal volume is still an ongoing area of res&dtch.

Patients who'undergo conservative therapy may also be at harm from further collapse,
deformity-and neurological compromise. Tyients each in VAPOUR’s control group and

Yang et al.’s conservatively managed arm required surgical decompression after suffering

interval vertebral collapse and retropulsion with resultant spinal cord compression. One of
these patients suffered significant permanent neurological sequelae. In addition, some
suggest that vertebroplasty leads to an increased risk of adjacent vertebral fractures due to the
biomechanical effects of cement stiffnés¥ Meta-analyses have not found an increased risk

of adjacent vertebral fractures after vertebroplasty.

CONCLUSION

Vertebroplasty.represenacontentious management option for people with acute VCFs.

Much of thevliterature surrounding vertebroplasty for VE&sveeks is limited by varying

study designsysmall sample sizes and heterogenous cohorts. All RCTs evaluating
vertebroplasty exclusively in patients with acute VCFs found it to be superior to conservative
treatment or'placebo, including a high-quality sham-controlled RCT. Despite recent Cochrane
reviews, it may be that vertebroplasty has clinical valuesating acute VCFs, particularly

in patients with severe pain.
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Trial Rousing (2009 and 2010) VERTOSII (2010) Yang (2016)
Minimum age(years) >65 >50 >70
Fractureage <8 weeks <6 weeks <3 weeks

Minimum pain

Severe enough to impair independence

VAS score >5

VAS score >5

Tescore Nil T-score <-1.0 T-score <-1.0
MRI/SPECT N Y Y
) ) ) ) Bed rest for > 2 weeks, medical treatment,
Controlsarm Medical treatment, physiotherapy, bracing Medical treatment

physiotherapy, bracing

Number.of patients

50 (V: 26, C: 24)

202 (V: 101, C: 101)

107 (V: 56, C: 51)

M ean/median fracture age

V: 8.4 days, C 6.7 days

V: 29.3 days, C: 26.8 days

V: 5.5 days, C: 5.6

M ean/mediansfractur e age

at performance of Not mentioned 5.6 weeks 8.4 days
vertebroplasty
M ean"T=score Not mentioned V:-3.0,C:-3.0 V:-3.3,C:-3.2
. ) X-ray +/- MRI/SPECT CT (if >1 fracture on x-
Preprocedural imaging ) X-ray, MRI X-ray, MRI
ray
M ean cementsvolume Not mentioned 4.1ml 4.5ml
Inpatientsincluded (Y/N; . .
%) Y; not mentioned N; 0% Not mentioned
0
Mean initial pain score VAS scale VAS scale VAS scale
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V;75,C:8.8

V:78,C:7.5

V:75 C: 7.7

Results

Significant improvement in VAS scores with
vertebroplasty at 24 hours and 1 month, ng
significant difference between groups at 6 or

Significant improvement in VAS scores g
all time points with vertebroplasty (1 day,
week, 1, 3, 6 and 12 months)

Significant improvement in VAS scores at g
time points with vertebroplasty (1 day, 1
week, 1, 3, 6 and 12 months)

months
Vertebroplasty-related Nil 2 pain-related vasovagal episodes, 1 Nil
i i
complications asymptomatic pulmonary cement emboly
. 2 patients experienced vertebral collapse &
Conservative therapy- ) ) ) ) . )
Nil Nil spinal cord compression requiring surgical

related complications

decompression
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Table 1. Non-blindedRCTs evaluating vertebroplasty in patients with acute VCFs.

Trial Buchbinder et al INVEST VAPOUR VERTOSIV
Minimumrage(year s) None 50 60 50
Minimum pain score None NRS pain >3 NRS pain score >7 VAS pain score >5

Fracture age <12 months <12 months <6 weeks <12 weeks
Mean Age V:74.2,C:78.9 V:73.4,C:74.3 V: 80, C: 81 V:74.7, C: 76.9
Preprocedure ) .
MRl ot Y Only if fracture age uncertain Y Y
Inpatientsincluded (Y/N; Y;

%)

Y; not mentioned

Excluded

V: 34 (56%), C: 34 (58%)

Not mentioned

T scores

Lumbar T score <2.5: V: 21, C:
21

Not mentioned

Mean lumbar T score:
V:-4.1, C:-45

Mean lumbar T score:
V:-24,C:-24

M ean fracture age

All patients: 11.7 weeks

V: 9 weeks, C: 9.5 weeks
(median)

V: 16 weeks, C: 20 weeks

All patients: 22.5 weeks

V: 2.8 weeks, C: 2.4 weeks

V: 43 days, C: 36 days

Proportion with fracture

age <6 weeks

32%

Not mentioned

All

Unclear
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o ) NRS scale NRS scale NRS scale VAS scale
Mean initial pain score
V:7.4,C:7.1 V:6.9,C:7.2 V:8.6,C: 8.6 V:7.7,C:7.9
Mean cementvolume 2.8ml Not reported 7.5ml 5.1ml

Table 2. Key clinical differences between sham-controlR@Ts evaluating vertebroplasty in patients with acute VCFs.
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