RESEARCH

OPEN ACCESS

'Departments of Radiology
and Internal Medicine,
Elisabeth TweeSteden Hospital,
Hilvarenbeekseweg 60, 5022
GC, Tilburg, Netherlands

’Department of Medical and
Clinical Psychology, Tilburg
University, Tilburg, Netherlands

’Department of Radiology,
Medisch Spectrum Twente,
Enschede, Netherlands

“Department of Radiology,
Albert Schweitzer Hospital,
Dordrecht, Netherlands

°Department of Radiology,
Catharina Hospital, Eindhoven,
Netherlands

®Department of Radiology,
Massachusetts General
Hospital, MA, Boston, USA
Correspondence to:

CE Firanescu
crisfiranescu@hotmail.com
Additional material is published
online only. To view please visit
the journal online.

Cite this as: BMJ 2018;360:k1551
http://dx.doi.org/10.1136/bmjk1551

Accepted: 19 March 2018

Vertebroplasty versus sham procedure for painful acute
osteoporotic vertebral compression fractures (VERTOS IV):
randomised sham controlled clinical trial

Cristina E Firanescu,' Jolanda de Vries,"? Paul Lodder,? Alexander Venmans,'

Marinus C Schoemaker,' Albert J Smeet,! Esther Donga,* Job R Juttmann,® Caroline A H Klazen®
Otto E H Elgersma,” Frits H Jansen,” Alexander V Tielbeek,” Issam Boukrab,’

Karen Schonenberg,' Willem Jan J van Rooij,* Joshua A Hirsch,® Paul N M Lohle’

ABSTRACT

OBJECTIVE

To assess whether percutaneous vertebroplasty
results in more pain relief than a sham procedure
in patients with acute osteoporotic compression
fractures of the vertebral body.

DESIGN
Randomised, double blind, sham controlled clinical
trial.

SETTING
Four community hospitals in the Netherlands, 2011-15.

PARTICIPANTS

180 participants requiring treatment for acute
osteoporotic vertebral compression fractures were
randomised to either vertebroplasty (n=91) or a sham
procedure (n=89).

INTERVENTIONS

Participants received local subcutaneous lidocaine
(lignocaine) and bupivacaine at each pedicle. The
vertebroplasty group also received cementation,
which was simulated in the sham procedure group.

MAIN OUTCOME MEASURES

Main outcome measure was mean reduction in
visual analogue scale (VAS) scores at one day,

one week, and one, three, six, and 12 months.
Clinically significant pain relief was defined as a
decrease of 1.5 points in VAS scores from baseline.
Secondary outcome measures were the differences
between groups for changes in the quality of life
for osteoporosis and Roland-Morris disability
questionnaire scores during 12 months’ follow-up.
RESULTS

The mean reduction in VAS score was statistically
significant in the vertebroplasty and sham procedure
groups at all follow-up points after the procedure

WHAT IS ALREADY KNOWN ON THIS TOPIC

Owing to conflicting trial results the role of vertebroplasty in treating acute
osteoporotic compression fractures of the vertebral body is the subject of debate

WHAT THIS STUDY ADDS

fractures

Percutaneous vertebroplasty to treat patients with acute osteoporotic vertebral
compression fractures did not result in statistically significant more pain relief

than a sham procedure during 12 months’ follow-up

The results of this trial do not support percutaneous vertebroplasty as standard
pain treatment in patients with acute osteoporotic vertebral compression
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compared with baseline. The mean difference in VAS
scores between groups was 0.20 (95% confidence
interval —0.53 to 0.94) at baseline, —-0.43 (-1.17 to
0.31) at one day, —0.11 (-0.85 to 0.63) at one week,
0.41 (-0.33 to 1.15) at one month, 0.21 (-0.54 to
0.96) at three months, 0.39 (-0.37 to 1.15) at six
months, and 0.45 (-0.37 to 1.24) at 12 months.
These changes in VAS scores did not, however, differ
statistically significantly between the groups during
12 months’ follow-up. The results for secondary
outcomes were not statistically significant. Use

of analgesics (non-opioids, weak opioids, strong
opioids) decreased statistically significantly in

both groups at all time points, with no statistically
significant differences between groups. Two adverse
events occurred in the vertebroplasty group: one
respiratory insufficiency and one vasovagal reaction.

CONCLUSIONS

Percutaneous vertebroplasty did not result in
statistically significantly greater pain relief than

a sham procedure during 12 months’ follow-up
among patients with acute osteoporotic vertebral
compression fractures.

TRIAL REGISTRATION
ClinicalTrials.gov NCT01200277.

Introduction

Osteoporotic compression fractures of the vertebral
body can result in pain and long term morbidity,
including spinal deformity. Conservative management
includes opioids and other analgesics, bed rest,
and a back brace. In percutaneous vertebroplasty,
polymethylmethacrylate is injected into the fractured
vertebral body; a technique that became widespread
on the basis of preliminary observational and trial
results'> and was endorsed by professional societies.”*
In 2009 two blinded randomised studies found no
short term benefit of vertebroplasty compared with
sham controls.” ® In 2010, an open label randomised
controlled trial, VERTOS II (vertebroplasty versus
conservative treatments in acute osteoporotic vertebral
compression fractures II), showed that vertebroplasty
resulted in pain reduction, more rapid pain relief,
more pain-free days, better functional outcome,
and improved quality of life.” In 2016 the VAPOUR
(vertebroplasty for acute painful osteoporotic fractures)
trial showed that better pain relief was achieved after
vertebroplasty compared with sham treatment, as
measured by a score of less than 4 on a visual analogue



scale (VAS) at 14 days, improved quality of life, and
309 greater preservation of vertebral body height.®

We clarified the role of percutaneous vertebroplasty
in the treatment of acute osteoporotic vertebral
compression fractures using adouble blind randomised
controlled trial with a sham control. With this trial
design we intended to improve on limitations of the
20009 trials® ® by using stricter inclusion and exclusion
criteria, larger patient cohorts, longer clinical and
imaging follow-up, and no crossovers.

Methods

Study design

This trial was a sham controlled, double blind
multicentre randomised trial performed at four
community hospitals in the Netherlands. All
participants gave written informed consent to take part
in the trial.

The primary objective was to determine the difference
between groups in mean reduction of scores on a VAS
during 12 months’ follow-up at one day, one week, and
one, three, six, and 12 months after the procedure. The
secondary objective was to determine the differences
between groups in mean reduction of quality of life
and physical functioning at one week and one, three,
six, and 12 months. This study was limited specifically
to acute osteoporotic vertebral compression fractures,
along with bone oedema on magnetic resonance
imaging.” ® We did not allow crossovers during
follow-up. Participants were informed about the
importance of remaining in the same treatment arm
for 12 months and verbally agreed to this request.
Participants in the percutaneous vertebroplasty group
underwent computed tomography immediately after
the procedure to check for cement leakage; this was
simulated in the sham procedure group to protect the
participants from unnecessary exposure to ionising
radiation and to blind them to their treatment
allocation. Spine radiographs were obtained at three,
six, and 12 months.

Participants

Inclusion criteria were age 50 years or more, 1-3
vertebral compression fractures, T5-L5 focal back
pain at the level of fracture for up to six weeks, score
of 5 or higher on a VAS, diminished bone density (T
score —1 or less) on a dual energy x ray absorptiometry
(DEXA) scan, 15% or more loss of vertebral height,
and bone oedema on magnetic resonance imaging.
Owing to difficulties with recruitment, six months after
initiating recruitment we also included patients with
pain up to nine weeks. An internist performing physical
examinations provided independent confirmation of
focal pain with a score of 5 or higher on a VAS at the
fracture site before randomisation. Exclusion criteria
were severe cardiopulmonary morbidity, untreatable
coagulopathy, systemic or local spine infection,
suspected malignancy, neurological symptoms, or
inability to undergo magnetic resonance imaging. A
detailed review of the protocol has been published
previously and can be accessed online.’
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Randomisation and blinding

Participants were randomised by computer in a block
size of six, randomisation ratio 1:1, and a maximum
sample size of 84 for each participating centre.
Participants, internists, and outcome assessors were
blinded and remained so during the 12 months’ follow-
up. It was not possible to mask the interventional and
diagnostic radiologists.

Procedures

All participants received local infiltration with 1%
lidocaine (lignocaine) into each pedicle followed by
0.25% bupivacaine. Each participant received two
stab incisions at the level of the vertebral body, after
which the sealed randomisation envelope was opened.
Bone biopsy needles were positioned bilaterally,
using standard transpedicular placements for
vertebroplasty or periosteal placements for the sham
procedure. Participants in the vertebroplasty group
were exclusively treated with local anaesthetic unless
they required conscious sedation (50 pg fentanyl in
22% (n=20) of patients). In both groups the cement
(polymethylmethacrylate) was prepared in close
proximity to the participants. As a result, the mixing
sound could be heard and the polymethylmethacrylate
smelt by everyone in the room. In the vertebroplasty
group, a cement injector was attached to the
previously placed needles. In the sham procedure
group we simulated the injection phase using verbal
and physical cues. In the vertebroplasty group,
polymethylmethacrylate injection was stopped when
cement leakage was noticed. In participants with
multiple fractures, all were treated according to the
assigned group. Additional analgesics were allowed
for participant comfort during the procedure. After
the procedure, participants in the vertebroplasty
group underwent computed tomography, whereas
participants in the sham procedure group were
subjected to preliminary scout view scanning only.
We defined the threshold for leakage as anything
perceptible on computed tomography.

All participants were outpatients. Because
participants and nurses were blinded to the
intervention, both study groups received the same
patient care during hospital stay and at discharge.
Participants were advised to restart daily activities
after discharge. Drugs for osteoporosis were prescribed
according to the standard protocol of the participating
institutions for patients with osteoporotic vertebral
fractures.

Outcomes

Participants were assessed at baseline (day of the
procedure), one day, one week, and one, three,
six, and 12 months after the procedure. Analgesic
treatment was modified when appropriate at intake
or follow-up. We categorised the analgesics according
to the World Health Organization classification as
no drugs, non-opioids, weak opioids, and strong
opioids.”® The interventional radiologist recorded
complications and adverse events during the
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procedure and until discharge. Adverse events were
recorded as written reports. Spine radiographs were
obtained at baseline and at three, six, and 12 months.
Two independent diagnostic radiologists obtained
visual semiquantitative scoring and morphometric
measurements of every vertebral compression fracture.
Assessment of vertebral fractures was based on the
Genant classification.!! To avoid measurement errors,
no magnifications were used. We defined bone oedema
in the vertebral compression fracture as increased
signal intensity on short tau inversion recover (STIR)
magnetic resonance images and decreased signal
intensity on the T1 weighted images. Vertebral
osteonecrosis was defined as a well circumscribed
area of low signal intensity on T1 weighted magnetic
resonance images, with high signal intensity on T2
weighted images.

The primary prespecified objective was to determine
the difference between groups in mean reduction
of VAS score during 12 months’ follow-up, at one
day, one week, and one, three, six, and 12 months
after the procedure. The VAS score ranged from O
(no pain) to 10 (severe pain).'> We defined clinically
significant pain relief as a decrease of 1.5 points on
the VAS from baseline in each group.” The secondary
prespecified objective was to determine differences
between groups in changes of quality of life and
physical functioning during 12 months’ follow-up, at
one week and one, three, six, and 12 months after the
procedure. We measured quality of life with the quality
of life questionnaire of the European Foundation for
Osteoporosis (QUALEFFO)"? and physical functioning
with the modified Roland-Morris disability (RMDQ)
questionnaire.'* The QUALEFFO score is based on 41
questions and is calculated as a sum of all answers
to items, which are then linearly transformed on the
scale 0-100. The worse the health related quality of
life condition, the higher the score. The anchors vary
between scales as well as between questions within a
scale. An example of an anchor for the scale pain is “no
back pain” to “unbearable” (5 point response scale).
Another example of the scale activities of daily living
is “no difficulty” to “impossible without help” (5 point
response scale). The RMDQ has 24 items that assess
functional status over the past 24 hours in patients
with back pain. This questionnaire does not have
response scales but only the instruction: When you
read a sentence that describes you today, mark the box
next to it. The RMDQ has a range of 0 (no disability due
to back pain) to 24 (maximum disability due to back
pain), with higher scores indicating higher disability
from back pain.

Post hoc analysis included the proportion of
patients in both groups at 12 months’ follow-up with
a VAS score of 5 or higher, progressive loss of vertebral
body height of treated fractures (defined as >4 mm),
and a new fracture.” Treatment of new fractures was
according to the initial assignment and the same
inclusion criteria. We did not allow crossovers. One day
after the intervention we asked participants to guess
which procedure they had undergone.
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Statistical analysis

Analyses were performed using IBM SPSS statistics
23 and the R programming software (R development
Core Team, 2008).'® We considered P values <0.05
to indicate statistical significance. G-Power was
used to calculate the sample size. Assuming a 1.5
point difference on the VAS between the groups, a
pooled standard deviation of 4.23, an effect size of
0.18, and 20% withdrawal (a=0.05 and B=0.20 at
seven time points), we determined that we needed
90 patients in each group.>” !’ '® Analysis was by
intention to treat—that is, we analysed patients on
the basis of their initial treatment assignment. We
used y? tests to compare the proportions of adverse
events, drugs, and baseline fractures. For continuous
and normally distributed variables, we computed
means and standard deviations, whereas for non-
normally distributed variables we report the medians
and interquartile ranges. We used a mixed modelling
approach to analyse our primary endpoint (difference
between groups in mean reduction of VAS score during
12 months’ follow-up) and secondary endpoints
(difference between groups in mean reduction of
QUALEFFO and RMDQ during 12 months’ follow-up).
The statistical interaction between treatment and
time was used to evaluate the primary and secondary
endpoints. By making use of the custom hypothesis
test command in the SPSS syntax we derived tests
directly from the mixed model for differences between
the groups at specific time points. A mixed model
analysis makes use of all available data for each
participant, thereby accounting for data missing at
random. Model estimates were adjusted based on the
covariates age, sex, vertebral level, pain treatment,
osteonecrosis, new fractures after baseline, and
progressive loss of vertebral height. We used a first
order autoregressive covariance structure to model
the repeated measurements. Cox regression analysis
was used to determine the extent to which patients
reached statistically significant pain relief over time.
We also carried out exploratory post hoc analyses
to determine whether progressive loss of vertebral
height interacted with treatment in predicting the
pain intensity during 12 months’ follow-up. We used
x? tests to assess the difference between groups in
the occurrence of new fractures and to examine the
difference in proportion of patients in each group with
a VAS score of 5 or higher at 12 months’ follow-up.
To investigate differences between groups in the use
of analgesics during 12 months’ follow-up we used
generalised mixed modelling.

Patient involvement

No patients were involved in setting the research
question or the outcome measures, nor were they
involved in developing plans for recruitment, design,
or implementation of the study. No patients were asked
to advise on interpretation or writing up of results.
There are no plans to disseminate the results of the
research to study participants or the relevant patient
community.
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Results

Patient characteristics

Of 1280 patients with focal back pain and one to three
thoracolumbar fractures screened for eligibility, 180
were randomly allocated: 91 to the vertebroplasty
group and 89 to the shame procedure. Overall, 156
eligible patients declined to participate for several
reasons, some of which included treatment with open
label vertebroplasty. After randomisation, four patients
were excluded for reasons ranging from unexpected
malignancy to missing intake form. These patients
were not included in the intention to treat analysis,
resulting in 90 participants in the vertebroplasty group
and 86 in the sham procedure group. Over 12 months’
follow-up, 13 patients (eight vertebroplasty, five sham
procedure) died of unrelated causes (fig 1). Twenty
two of the 90 participants (24%) in the vertebroplasty
group and 12 of the 86 participants (14%) in the
sham procedure group had pain for more than six
weeks and less than nine weeks before randomisation.

Assessed for eligibility (n=1280)

Excluded (n=1100):
Not meeting inclusion criteria (n=458)
Old fractures (n=414)
Decrease in pain during screening (n=72)
Declined to participate (n=156)

Randomised (n=180)

!

Allocated to vertebroplasty (n=91):
Received allocated vertebropalsty (n=90)

Did not receive allocated verteb

>3 acute vertebral compression

fractures (n=1)

J

Completed day 1 (n=90)
Lost to follow-up (n=0)

!

Completed month 1 (n=90)
Lost to follow-up (n=0)

!

Completed month 3 (n=87)
Lost to follow-up (n=3):
Died (n=2):
Respiratory insufficiency (n=1)
Old age (n=1)
Could not comply (n=1)

Completed month 6 (n=84)
Lost to follow-up (n=3):
Died (n=2):
Cardiac arrest (n=1)
Old age (n=1)
Could not comply (n=1)

Completed month 12 (n=76)
Lost to follow-up (n=8):
Died (n=4):
Respiratory insufficiency (n=2)
Cardiac failure (n=1)
Old age (n=1)
Could not comply (n=4)

Analysed (n=90)

{

Allocated to sham procedure (n=89):
Received allocated sham procedure (n=86)
Did not receive allocated sham procedure (n=3):
Multiple myeloma (n=2)
No intake (n=1)

Completed day 1 (n=86)
Lost to follow-up (n=0)

!

Completed month 1 (n=86)
Lost to follow-up (n=0)

|

Completed month 3 (n=84)
Lost to follow-up (n=2):
Could not comply (n=2)

roplasty:

Completed month 6 (n=81)
Lost to follow-up (n=3):
Died (n=1):
Old age (n=1)
Could not comply (n=2)

Completed month 12 (n=76)
Lost to follow-up (n=5):
Died (n=4):
Old age (n=2)
Cardiac failure (n=1)
Subdural bleeding (n=1)
Could not comply (n=1)

Analysed (n=86)

Fig 1 | Flow of participants through study

4

Recruitment was slow, mostly because patients did not
meet the inclusion criteria or had older fractures.

Ninety patients with 115 fractures underwent
vertebroplasty and 86 patients with 108 fractures
underwent the sham procedure. Three or fewer fractures
were treated in a single session in each cohort. In the
vertebroplasty group only one vertebral compression
fracture was present in 72 participants, two in 15
participants, and three in two participants. In the
sham procedure group only one vertebral compression
fracture was present in 64 participants, two in 15
participants, and three in seven participants.

The day after treatment, 82% (n=74) of participants
in the vertebroplasty group and 81% (n=70) in the
sham procedure group believed they had undergone
cementation. The remainder were either unsure or
thought they had undergone the sham procedure. The
median duration between the onset of focal back pain
and initial radiography was 30 days (interquartile
range 15-42 days) in the vertebroplasty group and 23
(15-36) days in the sham procedure group. After initial
radiography, vertebroplasty occurred at a median of
13 days (interquartile range 7-18 days) and the sham
procedure at a median of 11 (7-17) days. The median
time from onset of symptoms to treatment was 43 days
(interquartile range 29-52 days) in the vertebroplasty
group and 36 (24-51) days in the sham procedure group.
Both groups had similar baseline characteristics (table 1).

Primary outcome

Compared with baseline, the reduction in VAS score
during 12 months in both groups was clinically and
statistically significant at all measurement points (one
day, one week, and one, three, six, and 12 months).
This significant reduction was measurable starting at
day 1 after the procedure and remained significant
throughout follow-up. The mean VAS score declined at
the last measurement point (12 months), by 5.00 in the
vertebroplasty group (95% confidence interval 4.31 to
5.70) and by 4.75 in the sham procedure group (3.93 to
5.57). However, a non-significant interaction between
treatment and time showed that these reductions in
VAS scores did not differ between the groups (F(6,
838.66)=0.92, P=0.48). The difference between
groups for change in VAS score between baseline and
12 months was 0.13 (95% confidence interval -0.41
to 0.66). The difference between the groups was not
statistically significant at one day, one week, and one,
three, six, and 12 months after the procedure (fig 2 and
table 2).

Secondary outcomes

A similar pattern of improvement was observed for
the QUALEFFO and RMDQ outcomes. In both groups
the reduction in QUALEFFO and RMDQ score achieved
at one week and one, three, six, and 12 months was
statistically significant compared with baseline.
However, on both outcomes the groups did not differ
in change over time (QUALEFFO: F(5, 786.56)=1.37,
P=0.24; RMDQ: F(6, 748.32)=1.55, P=0.17). The mean
reduction in QUALEFFO score at the last measurement
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Table 1 | Baseline characteristics of participants. Values are numbers (percentages) unless stated otherwise

Characteristics

Vertebroplasty (n=90) Sham procedure (n=86)

Mean (SD) age (years) 74.7 (10.7) 76.9 (8.1)
Women 67 (74) 66 (77)
Median (interquartile range) No of days with back pain before procedure 43 (29-52) 36 (24-51)
Median (interquartile range) No of days from radiographic diagnosis to procedure 13 (7-18) 11(7-17)
No of vertebral compression fractures at baseline 115 108

Type of fracture (Genant classification)*:

Mild (20-25%) 37 (32) 30 (28)

Moderate (25-40%) 51 (44) 49 (45)

Severe (>40%) 27 (23) 30 (28)

Wedge 56 (49) 65 (60)

Biconcave 59 (51) 44 (40)
Initial pain treatment:

None 4 (4) 8(9)

Non-opioid drugs 78 (87) 65 (76)

Weak opioid derivatives 13 (14) 17 (20)

Strong opioid derivatives 42 (47) 25 (29)
Vertebral level with bone oedema:

T5-T10 36 (31) 24 (22)

T11-12 59 (51) 69 (64)

L3-L5 20(17) 15 (14)
No of spinal levels treatedt:

1 70 (78) 67 (78)

2 15 (17) 15 (17)

3 5 (6) 4 (5)
Drugs for osteoporosis 42 (47) 49 (57)
Osteonecrosis 24 (27) 17 (20)
Mean (SD) bone density T score -2.4(1.0) -2.4(0.9)
Mean (SD) initial VAS score# 7.7 (1.4) 7.9(1.6)
Mean (SD) QUALEFFO score§ 68.4(17.1) 69.7 (17.9)
Mean (SD) RMDQ scoref 18 (4.5) 17.8 (4.7)

VAS=visual analogue scale; QUALEFFO=quality of life questionnaire of the European Foundation of Osteoporosis; RMDQ=Roland-Morris disability

questionnaire.

*Indicates percentage loss of vertebral body height.

tNumber of treated vertebral fractures with bone oedema.

$From O (no pain) to 10 (worst pain ever).

§From 0 to 100, with higher scores indicating worse quality of life.
fiFrom 0O to 24, with higher scores indicating worse physical functioning.

point (12 months) was 18.32 in the vertebroplasty
group (95% confidence interval 18.32 to 23.61) and
18.61 in the sham procedure group (13.02 to 24.2),
with a between group difference of -0.14 (95%
confidence interval —-3.04 to 2.76). The mean reduction
in RMDQ score at the last measurement point (12
months) was 7.71 in the vertebroplasty group (5.87
to 9.55) and 7.47 in the sham procedure group (5.56

2 10
§ —0— Vertebroplasty
2 = O=Sham procedure
>
T
Oc N o o o
SR & & & L
GNP & & S
X N %& b& 0 <&
Time

Fig 2 | Mean visual analogue scale (VAS) score for
participants in vertebroplasty and sham procedure
groups during 12 months’ follow-up. Whiskers represent
95% confidence intervals
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to 9.38), with a between group difference of 0.12
(-1.11 to 1.35). Appendix tables A1 and A2 show no
statistically significant differences between groups at
all follow-up points after the procedure.

Ancillary analyses

A post hoc analysis showed that at 12 months’ follow-up
a significantly higher percentage of participants in the
sham procedure group (41%; n=30) had VAS scores of 5 or
higher compared with participants in the vertebroplasty
group (20%; n=16): (x*(1)=8.08, P=0.005, odds ratio
0.36, 95% confidence interval 0.17 to 0.74).

Figure 3 depicts the proportion of participants who
reached the patient satisfaction level of clinically
significant pain relief during follow-up. A Cox
regression analysis showed no statistically significant
differences in pain relief between the two groups at the
12 month follow-up after adjusting for the clinically
important covariate strong opiate intake (hazard
ratio 1.02, 95% confidence interval 0.86 to 1.21,
Wald(1)=0.06, P=0.80).

Another non-prespecified analysis showed that
during follow-up significantly more participants in the
sham procedure group (45%, n=39) had progressive
loss of height in treated vertebrae compared with
participants in the vertebroplasty group (8%, n=7):
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Table 2 | Mean visual analogue scale (VAS) scores for vertebroplasty and sham procedure groups at each time point
Mean VAS scores (95% CI)*

Time points Vertebroplasty (n=90) Sham procedure (n=86) Group differencet
Baseline 7.72 (72110 8.24) 7.92 (7.40 to 8.45) 0.20 (-0.53 t0 0.94)
1 day 5.24 (4.73 10 5.76) 4.82 (4.29 t0 5.34) -0.43 (-1.17 t0 0.31)
1 week 4.38 (3.86 t0 4.90) 4.27 (3.7410 4.79) -0.11 (-0.85t0 0.63)
1 month 3.32 (2.80t0 3.84) 3.73 (3.20 t0 4.26) 0.41 (-0.33t0 1.15)
3 months 2,69 (2.16 t0 3.21) 2.90 (2.35 to 3.44) 0.21 (=0.54 to 0.96)
6 months 3.02 (2.48 to 3.55) 3.41 (2.86 to 3.96) 0.39 (-0.37 to 1.15)
12 months 2.72 (2.18 to 3.26) 3.17 (2.60t0 3.75) 0.45 (-0.37 to 1.24)

Difference between baseline and 12 months

5.00 (4.31 t0 5.70)

4.75 (3.93t0 5.57)

0.13 (-0.41 t0 0.66)

VAS scores range from 0 (no pain) to 10 (worst pain), with 1.5 designated as the minimally clinically important difference. Model estimates were adjusted

based on age, sex, vertebral level, pain treatment, osteonecrosis, new fractures after baseline, and progressive loss of vertebral height.
*Statistically significant difference between VAS score at baseline and each follow-up.
tBetween group differences are contrast estimates at each time point based on custom hypothesis test function in SPSS mixed analysis. Positive

estimates favour the sham procedure, negative estimates favour vertebroplasty.

(x*(1)=25.85, P<0.001). At the 12 month follow-up,
participants with progressive loss of vertebral height
had significantly higher VAS scores (4.20, 95%
confidence interval 3.44 to 5.06) than participants
without loss of vertebral height (2.76, 2.32 to 3.20).
These differences, however, were not affected by
whether participants received vertebroplasty or the
sham procedure.

A third non-prespecified analysis showed that during
the 12 months’ follow-up, 31 new fractures occurred
in 15 participants in the vertebroplasty group and 28
in 19 participants in the sham procedure group. The
occurrence of new vertebral fractures did not differ
significantly between the two groups (x*(1)=0.83,
P=0.36, odds ratio 0.71, 95% confidence interval
0.33 to 1.50). Twelve participants (six in each group)
underwent re-intervention during follow-up for one
or more new symptomatic fractures. All were treated
according to the original assignment.

Use of analgesics decreased statistically significantly
in both groups for all three drug categories (non-opioid,
weak opioid, and strong opioid) at all time points with

.“-E' E—,-) 1.0 * * gk
=9 ===
[l
- O
-§ 'g 0.8
5 =
a S
8 06
=
cE
s
£ o Group
s 04
3 —— Vertebroplasty (* censored)
a 03 = == Sham procedure (* censored)
0
0 100 200 300 400
Time (days)
No at Baseline 1 1 1 3 6 12
risk day week month months months months
Vertebroplasty
90 33 13 6 3 3 1
Sham procedure
86 26 13 5 3 2 0

Fig 3 | Kaplan-Meier survival curves for time to clinically
significant pain relief (decrease of 1.5 points on visual
analogue scale) from baseline in vertebroplasty and
sham procedure groups. Patients who were lost to
follow-up before assessment of pain relief were censored

no statistically significant differences between the
groups. Appendix table A3 and figure A1 show the
reduction in analgesic use over the 12 month study
period, with the largest reduction between baseline
and one month. At baseline, 13 participants in the
vertebroplasty group (14.4%, 95% confidence interval
7.0% to 21.8%) and 17 in the sham procedure group
(19.8%, 11.2% to 28.4%) were using weak opioids. At
one month this usage had decreased to six participants
(7%, 1.4% to 12.6%) in the vertebroplasty group and
four (4.7%, 0.1% to 9.3%) in the sham procedure
group. This reduction in weak opiate use did not differ
significantly between the two groups (7.7%, 95%
confidence interval -5.0% to 20.4%).

At baseline, 42 participants in the vertebroplasty
group (46.7%, 36.2% to 57.2%) and 25 in the sham
procedure group (29%, 19.2% to 38.8%) were using
strong opioids. At one month this usage had decreased
to 18 participants in the vertebroplasty group (20.9%,
11.6% to 30.2%) and 19 in the sham procedure group
(22.4%, 13.4% to 31.4%). This reduction in strong
opiate use was significantly larger in the vertebroplasty
group (19.2%, 1.8% to 36.6%). Both groups showed
no statistically significant reduction of analgesic use at
three, six, and 12 months compared with one month
measures.

The mean volume of cement used in participants
in the vertebroplasty group was 5.11 (SD 1.81) mL
(range 1-11 mL). Computed tomography performed
on the same day as the procedure showed evidence
of cement leakage in 105 of the 115 treated vertebral
bodies (91%). See appendix table A4 for further details
of cement leakage.

Two adverse reactions occurred, both in the
vertebroplasty group. One participant with severe chronic
obstructive pulmonary disease developed respiratory
insufficiency the day after the procedure, related to
underlying pulmonary disease. Another participant
had a vasovagal reaction during the procedure that
spontaneously resolved.

Discussion

Our results show that in patients with acute
osteoporotic compression fractures of the vertebral
body who have persistent severe local back pain,
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percutaneous vertebroplasty performed at a mean of 43
days after onset of symptoms did not result in greater
pain relief than a sham procedure during 12 months’
follow-up. The sham intervention comprised local
infiltration with 1% lidocaine (lignocaine) followed by
0.25% bupivacaine into each pedicle and simulated
cement (polymethylmethacrylate) injection with
verbal and physical cues. Participants in both study
groups showed immediate improvement in pain and
disability after the procedure, and this improvement
was sustained during 12 months’ follow-up. These
results suggest that factors aside from instillation of
polymethylmethacrylate might have accounted for the
observed clinical improvement after vertebroplasty; for
example, the effect of local anaesthesia, expectations
of pain relief (placebo effect), natural healing of the
fracture, and regression to the mean.

Comparison with previous studies

This trial reinforces the results of two previous blinded
trials® ¢ and the Cochrane review about percutaneous
vertebroplasty,'® with the added value of longer follow-
up, larger cohorts, and stricter inclusion criteria—that
is, onlyacutefractureswithbone oedemain participants
with visual analogue scale (VAS) scores of 5 or higher.
In contrast with the Investigational Vertebroplasty
Safety and Efficacy Trial (INVEST) by Kallmes and
colleagues, the Australian trial by Buchbinder and
colleagues,” ® and the current study (VERTOS IV), the
results from the VERTOS II and VAPOUR trial favoured
vertebroplasty.” ® Even though, like the three blinded
trials, the VAPOUR trial is a blinded randomised
controlled trial, many differences exist with the former
randomised controlled trials. Most noticeably, VAPOUR
included predominantly hospital inpatients (56-
58%) with pain for less than six weeks (mean 2.4-2.8
weeks), high VAS scores (>7) at baseline necessitating
opiate analgesics in 90% of participants, and a sham
procedure without infiltration of the pedicle. In line
with VAPOUR, the unblinded randomised clinical trial
VERTOS II found a statistically significant advantage
in the vertebroplasty group, including pain reduction,
compared with conservative treatment. Inherent in the
unblinded design is the potential overestimation of
treatment benefit that results from an uneven placebo
response between groups.’

Strengths and weaknesses of this study

Most pain relief in both groups of the unblinded
VERTOS II and this blinded study occurred during the
first month, with a sustained slow decrease in both
groups throughout follow-up. In the current study,
however, clinically significant pain relief was achieved
earlier in the sham procedure group (after one day)
than in the vertebroplasty group (after one week).
The Kaplan-Meier survival analysis indicated no
statistically significant differences between the groups
in the progress of pain relief. The use of analgesics
decreased statistically significantly for participants
in both groups, with the largest improvement during
the first month, but without statistically significant
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differences between groups for pain and class of
analgesics.

The present study showed a positive treatment effect,
with improvement of both RMDQ and QUALEFFO
scores but with no statistically significant difference
between groups. The measured RMDQ scores for
disability measured at one month were similar to those
observed in INVEST.” Compared with the Australian
trial, both groups in this study showed a substantially
better treatment effect, with a higher improvement of
VAS, RMDQ, and QUALEFFO scores during the first
six months.® This difference might be because the
Australian trial only included a small percentage of
participants with acute vertebral fracture (32%) who
had symptoms for less than six weeks before treatment,
whereas in this study the participants were treated at a
median of six weeks after onset of symptoms.

More than 80% of the participants in the sham
procedure group of the current study believed that
they had received cement compared with 37% in
INVEST® and 54% in VAPOUR.® This suggests a
greater placebo effect in the sham procedure group
of VERTOS IV. Despite spontaneous pain reduction
from fracture healing and the placebo effect that
might contribute to the observed treatment effect,°
21 we did not anticipate the magnitude of the positive
treatment response in the sham procedure group. In
a Cochrane review on placebo studies the effect of
placebo on pain varied from negligible to clinically
important.?” Another study noted that a placebo
effect is related to treatment context, including the
physician’s attitude and patient’s expectations.?’
These factors might have played a strong part in
the positive response of participants in the sham
procedure group. This trial utilised the same
periosteal local anaesthetic regimen as INVEST,
whereas VAPOUR only infiltrated the subcutaneous
space. Periosteal infiltration using local anaesthetic
might have a treatment effect and this could perhaps
partially explain the observed difference in response
of the sham procedure group.

This study has several limitations. The trial lacked
an additional control group that received standard
medical conservative treatment. We did not compare
the study groups for other medical treatments that
might have affected outcomes. The persistence of
pain after intervention or sham intervention might
indicate causes other than a fracture, such as
osseous or disc degenerative disease, a possibility
depicted by magnetic resonance imaging, but this
was not meticulously analysed. Overall, 156 patients
declined participation, conferring a generalisability
problem given that most chose to undergo
vertebroplasty. No screening logs were kept for these
patients. This can suggest a selection bias towards
recruitment of patients with lesser degrees of pain
and disability. During the trial we extended the pain
window from six to nine weeks, a potential source of
selection bias. The statistical analysis and writing of
the manuscript were not done blinded and could be
sources of bias.



The study has limited generalisability to other
forms of augmentation or vertebral treatments,
such as instrumented vertebroplasty or balloon or
radiofrequency kyphoplasty and patients with chronic
or malignant vertebral fractures.

We performed three post hoc observations during
follow-up. A statistically significant higher proportion
of participants with VAS scores of 5 or higher at 12
month follow-up were noticed after the sham procedure
compared with vertebroplasty (41% v20%). During the
12 months’ follow-up imaging showed a statistically
significant higher incidence of further vertebral body
collapse after the sham procedure.” ® This confirms
the assumption that cementation protects against
progressive collapse of the vertebral body.

The use of polymethylmethacrylate showed no
effect on the development of new fractures at adjacent
or remote levels.” 2 The results of VERTOS II and the
current study show that the cause of adjacent level
and remote fractures are most likely the result of the
generalised osteoporotic disease and the osteoporotic
spine and not related to cementation. To identify and
define the predictive factors at baseline responsible for
these post hoc outcomes (patients with considerable
persistent pain (VAS score >5) and progressive loss of
vertebral body height, at 12 months) further research is
warranted. It is not inconceivable or discounted that this
subgroup can be identified and distinguished at baseline
as those patients with acute osteoporotic vertebral
compression fractures suitable for early intervention.

Implications and future research

According to this study vertebroplasty in the early
phase of a painful osteoporotic vertebral compression
fracture does not provide important pain relief
compared with a sham procedure. The results suggest
that periosteal infiltration alone in the early phase
provides enough pain relief with no need for additional
cementation. In the late phase of a painful vertebral
compression fracture, there seems to be a subgroup
of conservatively treated patients who still experience
substantial local back pain at 12 months’ follow-up.
Predictors are still not identified and are considered
important subjects for future investigation.

Despite the outcome of this trial, we continue to offer
vertebroplasty to a proportion of referred patients. We
believe there is a place for vertebroplasty when efficacy
outweighs the risks. The lower and upper limits of
reasonable applicability of vertebroplasty are shown
more or less by the results of previous trials,” ¢ *°
suggesting a window in which vertebroplasty might
outperform conventional treatment. In general, if
vertebroplasty is performed too early then treatment
will largely be for fractures that are destined to
improve anyway by natural healing. If vertebroplasty
is performed after many months of pain, the treatment
will largely be for fractures that are no longer
responsive. Thus, a future therapeutic pain strategy
could be a combined regimen of periosteal infiltration
during natural healing. Additional cementation seems
indicated only in a selected subgroup of patients
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with insufficient pain relief after this early phase. In
our opinion, this strategy provides clinicians with
a pragmatic approach on how to best treat patients.
However, according to the results of VAPOUR, there
might be an important exception to this rule for a
subgroup of patients—that is, hospital inpatients with
more comorbidity and high VAS scores (>7) due to an
acute osteoporotic vertebral compression fracture. In
this subgroup of patients, cementation at an early stage
(<6 weeks) might be justified. Research is warranted
to prove that vertebroplasty is better than periosteal
infiltration of local anaesthetic in hospital inpatients,
since this has never been investigated.

Conclusion

Percutaneous vertebroplasty did not result in
statistically significant greater pain relief than a sham
procedure during 12 months follow-up among a
group of patients with acute osteoporotic compression
fractures of the vertebral body. These results do not
support using percutaneous vertebroplasty to treat
acute osteoporotic vertebral compression fractures.
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