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ORIGINAL ARTICLE

Pain and functional outcomes following vertebroplasty for vertebral compression
fractures – A tertiary centre experience

Soumya Mukherjee, John Yeh and Habib Ellamushi

Department of Neurosurgery, Royal London Hospital, London, UK

ABSTRACT
Objectives: There is a dearth of comparative outcome data on vertebroplasty for the treatment of
vertebral compression fractures (VCF) according to vertebral level, the number of levels and
aetiology. The aim of this study was to investigate the improvement of pain and function following
vertebroplasty for a heterogeneous cohort of patients with medically refractory VCF. Methods: A
prospective observational study was conducted on a cohort of consecutive patients undergoing
vertebroplasty following at least 4 weeks of failed medical management, between April 2007 and
March 2012 at a single neurosurgical centre. Pain visual analogue scale (VAS) scores, Oswestry
Disability Index (ODI) scores, analgesic usage and complications were recorded preoperatively and
at day 1, week 1, 1 month, 6 months and 1 year postoperatively. Intraoperative vertebral body
biopsy was performed routinely. Results: Two hundred and two levels were augmented in 147
patients. The most common levels augmented were T12 (17%), L1 (18%) and L4 (10%). Significant
reductions in pain VAS and ODI scores were evident at day 1 and sustained at up to 1 year
postoperatively (p50.001). They were not dependent on the level of fracture (T3-10, T11-L2 and L3-
S1) (p40.05), the number of levels treated (single level, two-level and4two level) (p40.05) or
aetiology of VCF (p40.05). At 1 year postoperatively, 79% (113/142) had no or reduced analgesic
usage. The complication rate was 6% (9/147). There were five mortalities, none of which was
directly related to surgery. Conclusion: Vertebroplasty for medically refractory VCF may offer
sustained improvement in pain and function. The procedure is associated with low morbidity and
mortality.
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Introduction

Vertebral compressive fractures (VCF), which may be defined as a
20% or an at least 4 mm height reduction of the vertebral body,
occur when the axial and rotational load exceed the resistance
offered by the vertebra.1

VCF usually become evident due to severe back pain, which can
dramatically reduce a patient’s quality of life. Other symptoms
associated with VCF include functional limitations, depression,
disability, height loss caused by vertebral collapse, spinal instability
and, in many cases, a kyphotic deformity that may compromise lung
capacity. In addition, patients with VCF have a 1.6% increased risk
of mortality compared to age-matched controls without VCF.1–3

The most common causes of vertebral fractures are osteoporosis
and malignant bone lesions. Initial preferred management of VCF is
conservative, but in patients with an inadequate symptomatic
response, vertebroplasty may be used.4 This is achieved by
percutaneous injection of bone cement (Polymethyl methacrylate,
PMMA) within a collapsed vertebral body, in order to obtain
vertebral body stabilisation and pain relief. Many studies, mostly
observational, have reported that the procedure provides effective
and sustained pain relief from VCF.5,6

The purpose of this prospective observational study, which
represents the largest UK study on vertebroplasty to-date, is to
evaluate the effectiveness of the technique in achieving pain relief
and improvement in function in a large number of patients suffering
from medically refractory VCF at a busy tertiary centre.

Materials and methods

Study design and setting

The inclusion criteria for our prospective observational cohort study
consisted of consecutive patients refractory to at least 4 weeks of
medical treatment for VCF who were referred for vertebroplasty at
the Royal London Hospital between 1 April 2007 and 31 March
2012, inclusive. The majority of patients were referred from
Haematology, Oncology and Care of the Elderly specialities. The
inclusion period of 5 years was selected to enable a sufficiently large
patient population to be studied prospectively for 1 year. All
outcome data were collected as part of the routine clinical
assessment and the patient care was recorded systematically as a
part of the hospital audit system. Research and Development
committee approval was gained prior to the study.

Analysis

Consecutive patients undergoing vertebroplasty during the inclusion
period formed the dataset. Data obtained prospectively included
basic demographics, level of augmentation, the number of levels
augmented, vertebral biopsy results (aetiology of VCF) and details of
medical management of underlying pathology (oncological and
non-oncological management of cancer-related and non-cancer
related VCF, respectively). Outcome data was collected prospectively
and included: pain Visual Analogue Scale (VAS) scores (0–100 mm
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scale, 0 mm¼ no pain, 100 mm¼ very severe pain, converted into
scores from 0 to 10, respectively); Oswestry Disability Index (ODI)
scores; analgesic usage; complications and mortality. These data
were collected in the hospital preoperatively as well as 1 day
postoperatively, and in the outpatient clinic at 1 week, 1 month, 6
months and 1 year following the surgery. Outcome data and
histology results together with clinical notes were then analysed
retrospectively.

Data sources

Patients’ demographic data were collected from the Electronic
Patients Records (ePR) system. Data on which levels and the
number of levels augmented were collected from the neurosurgery
theatre log. Aetiology of VCF data was determined by vertebral body
biopsy, which was conducted intraoperatively in all cases and whose
results were reported by the Histopathology department and entered
in the ePR system. Patient data relating to the medical management
of underlying pathology (management of previously diagnosed or
suspected cancer-related and non-cancer-related VCF) were col-
lected from clinical paper notes as well as the ePR system. Outcome
data on pain and analgesic usage were collected using pain VAS
scoring charts completed by the patient and assessment of the
patient’s medication usage respectively, both preoperatively and
during postoperative follow-up. ODI outcome data was collected
using ODI forms completed by the patient preoperatively and at
each stage of follow-up. Intraoperative complications and mortality
were recorded in the neurosurgery theatre log. Complication data
were collected by clinical patient assessment during each stage of
follow-up.

Preoperative period

Prior to proceeding to vertebroplasty, all patients in the osteoporotic
group had received adequate consultation and regular review by our
institution’s endocrinology specialists for thorough investigation
and management of bone mineral density, including the adminis-
tration of calcium, vitamin D, anti-osteoporotic medication,
including bisphosphonates and consideration of hormone therapy
(such as parathyroid hormone or oestrogen-based treatments).

All patients underwent clinical examination, assessment of
suitability for surgery and preoperative computed tomography
(CT) or magnetic resonance (MR) imaging. Patients were carefully
informed about benefits and risks concerning the procedure;
informed consent was required. In order to minimise the risk of
bleeding during and after surgery, laboratory assessment of the
blood coagulation profile (INR, PTT and PT) was made and any
anticoagulation therapy was discontinued before the procedure. In
patients who had undergone chemotherapy treatment, their platelet
count was checked to ensure adequate levels. All patients underwent
cardiological and anaesthesiological evaluations, since the interven-
tion was carried out under general anaesthesia. In addition, broad-
spectrum antibiotic coverage (Augmentin routinely and Teicoplanin
in case of penicillin allergy) was administered before surgery.

Surgical technique

The most painful levels were palpated and the site marked to guide
the injection. The procedure was performed by a consultant
neurosurgeon under bi-planar fluoroscopic X-ray guidance. After
localising under fluoroscopy, the vertebra to be treated and its
pedicles, subcutaneous and periosteal administration of a local

anaesthetic was performed. A small incision was then followed by
insertion of an 11–13-gauge bone biopsy needle. The classic
transpedicular (mono or bilateral) access was preferred in the case
of thoracic and lumbar vertebrae due to its safety profile. A needle
was advanced through the pedicle, with an anterior, medial and
caudal trajectory, until the anterior two-thirds of the vertebral body
was reached. PMMA cement injection was executed on lateral view
with continuous fluoroscopic monitoring, paying attention to the
posterior margin of the vertebral body and to the epidural space.
The volume of cement injected was determined by the operator
intraoperatively as that required to adequately and safely fill the
compressed verterbral body and was recorded in the operation note.
The procedure time was approximately 10 min per level of vertebral
body augmentation.

Vertebral body biopsy was performed routinely. Biopsy tools
(cannula and trephine) were passed into the vertebral body
immediately prior to the insertion of bone cement. Biopsy samples
were sent to pathology immediately following completion of the
procedure and were examined and interpreted by a pathologist. In
instances where the malignancy was identified, biopsies were further
reviewed by the senior pathologist at the Royal London Hospital.

Postoperative period

Postoperative evaluation was performed in the hospital at day 1
following surgery, and in the outpatient clinic at Week 1, 1 month, 6
months and 1 year following the surgery. The evaluation included a
full clinical assessment and, when appropriate, a radiological
investigation with plain radiographs, CT and MR imaging.

Statistical analysis

Normality was tested using the Kolmogorov–Smirnov test on the
preoperative ODI scores. A p value of 0.2 indicated data that
followed a Gaussian distribution and thus the paired Student’s t-test
was used to determine the significance (relative to the preoperative
scores) in outcomes at all postoperative follow-up times. A p value
of less than or equal to 0.01 was taken to be statistically significant.
Analysis of variance (ANOVA) was used to determine significance
in outcomes between vertebral level treated (thoracic: T1-T10;
thoracolumbar: T11-L2 and lumbosacral: L3-L5), the number of
levels treated (single level, two-level and42 levels) and aetiology of
the VCF (haematological cancer, non-haematological cancer, osteo-
porosis, trauma, unconfirmed). A p value of less than or equal to
0.05 was taken to be statistically significant. Due to the prerequisites
of ANOVA testing, sub-groups that only had one case were
eliminated from the analysis. Cases in which treated levels were both
non-contiguous and crossed categories (e.g. T8 and L2) were
eliminated from the analysis. All patient outcome data available at
each stage of postoperative follow-up were included within the
analysis. In analysing overall data at the cohort level and also
subgroup data, sample size (n) at each follow-up time was adjusted
according to missing patient data (due to, for example, mortality).

Results

Vertebroplasty was performed on 147 patients. The mean age of
patients was 61 years (range, 15–88 years) with a male to female
ratio of 1:1. The mean duration of pain symptoms preoperatively
was 56 days (8 weeks). A total of 220 levels were augmented and the
most common levels operated on were T12 (17%), L1 (18%) and L4
(10%) (Fig. 1). Due to five mortalities during follow-up (one at
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3 weeks postoperatively, one at 2 months postoperatively and three
at 3 months postoperatively), outcome data were obtained at Day 1,
Week 1, 1 month, 6 months and 1 year for 147, 147, 146, 142 and
142 patients, respectively; 142 patients completed the full 1-year
follow-up period.

The aetiology of VCF as indicated by vertebral body biopsy
amongst 147 patients treated with vertebroplasty is shown in
Table I. There were 12 cases of trauma-related VCF in patients
under 30-year-old and given the clear aetiology a biopsy was not
performed in these patients. In the remainder of the 147 cases, a
biopsy was performed to confirm aetiology of VCF. There were 32
and 74 patients with cancer-associated and non-cancer associated
VCF, respectively. Forty-one patients’ VCF had an unconfirmed
aetiology due to equivocal results from poor quality biopsy material
(mainly blood, inadequate solid material).

Across the 147 patients treated, there was an overall significant
reduction in the pain VAS score and ODI score, which were evident
at day 1 and showed continued improvement at up to 1 year
postoperatively�5.7 and�30%, respectively (p50.001) (Fig. 2).
These improvements in pain VAS and ODI scores were not
dependent on the level treated (p40.05) (Fig. 3), the number
of levels treated (p40.05) (Fig. 4) or aetiology of VCF (p40.05)
(Fig. 5). Preoperatively, all 147 patients had been using analgesic
medication across a range of potencies, dosages and frequencies
according to their symptoms as per the World Health Organisation

Fig. 3. (A) Pain VAS pre- and post-vertebroplasty according to the level of VCF in
147 patients. There was no significant difference in the pain VAS score between the
different levels of VCF preoperatively and at Day 1, Week 1, 1 month, 6 months and
1 year postoperatively (p40.05). Ninety-five per cent confidence interval error bars
are shown. (B) ODI pre- and post-vertebroplasty according to the level of VCF in
147 patients. There was no significant difference in the ODI score between the
different levels of VCF preoperatively and at Day 1, Week 1, 1 month, 6 months and
1 year postoperatively (p40.05). Ninety-five per cent confidence interval error bars
are shown.

Fig. 2. (A) Overall pain Visual Analogue Score (VAS) pre- and post-vertebroplasty in
147 patients. Compared with the preoperative score, postoperative reduction in
pain VAS was significant at day 1, week 1, 1 month, 6 months and 1 year
(p50.001). Ninety-nine per cent confidence interval error bars are shown. (B)
Overall ODI pre- and post-vertebroplasty in 147 patients. Compared with the
preoperative score, postoperative reduction in ODI was significant at Day 1, Week 1,
1 month, 6 months and 1 year (p50.001). Ninety-nine per cent confidence interval
error bars are shown.

Table I. Aetiology of VCF as indicated by vertebral body biopsy.

Aetiology of VCF Population, n

Cancer-associated
Haematological
Multiple myeloma
NHL
Non-haematological
Metastatic prostate cancer
Metastatic breast cancer
Metastatic lung cancer
Metastatic testicular cancer
Metastatic pancreatic cancer
Intraspinal tumour

32
23
22
1
9
3
2
1
1
1
1

Non-cancer associated
Osteoporosis
Trauma*

74
62
12

Unconfirmed** 41
All aetiologies 147

*All trauma patients were under 30-year-old and the biopsy was not
performed given the clear aetiology.

**Biopsy material was mainly blood and contained inadequate solid
material for conclusive results.

Fig. 1. Vertebral levels augmented with vertebroplasty. A total of 220 levels were
augmented.
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analgesic ladder. By 1-year postoperatively, 50%, 30%, 17% and 3%
of patients had no analgesic usage, reduced analgesic usage (reduced
dose, frequency and/or analgesic potency), unchanged analgesic
usage and increased analgesic usage (increased dose, frequency and/
or analgesic potency), respectively. Therefore, 80% of patients had
no or reduced analgesic usage following the procedure.

We found no significant correlation between cement volume
injected (range: 1.5–10.5 ml) and the reduction in pain VAS or ODI
outcome scores the following vertebroplasty (Fig. 6). We also did not
find any statistically significant difference in the reduction of pain
VAS or ODI scores between those patients who had a uni- versus
bi-pedicular approach (Fig. 7).

Intraoperative mortality was zero. There were five mortalities,
none of which were directly related to surgery. One mortality
resulted from lower respiratory tract infection at 3 weeks post-
operatively; one mortality resulted from cancer progression at
2 months postoperatively and three mortalities resulted from
myocardial infarction at 3 months postoperatively.

The overall complication rate was 6% (9/147) (Table II) – five
patients had further vertebral collapse (three were tumour related,
two were osteoporosis-related; three occurred at 1 month follow-up,
two at 6 month follow-up); three patients had asymptomatic cement
extravasation (within the intervertebral disc and paravertebral veins)
and did not require additional therapy; and one patient sustained a
right foot drop which completely resolved after 6 months. This latter
complication resulted from poor intraoperative imaging that led to
compression of the right L5 nerve root (neuropraxia) during the
introduction of the cannula.

Discussion

Amongst 147 patients, the majority of the 202 vertebral augmen-
tation procedures were performed in the lower thoracic and lumbar
region, the most common levels being at T12 (17%), L1 (18%) and
L4 (10%) vertebral levels. This reflects the greater load-bearing and
compressive forces sustained by the lumbar spine.7–11 We report a
trend of significantly decreasing pain VAS and disability (ODI)
scores with follow-up time as early as day 1 and up to 1 year
postoperatively, with most of the clinical benefit already evident on
the day after the procedure. This is in keeping with several studies in
the current literature.5,12–17 We also report that 80% of patients had
reduced pain medication usage following the procedure (either to
zero analgesic usage or to a reduced dosage or strength). This is
consistent with several previous studies.11,16 Consistent with previ-
ous studies, we found no correlation between cement volume
injected and reduction in pain VAS or ODI scores following
vertebroplasty,18,19 nor did we demonstrate any statistical difference
in pain or functional outcomes between uni- and bi-pedicular
approach to vertebroplasty.20,21

The aetiology of VCF was based on the results of a biopsy
obtained at the time of vertebroplasty. There was no significant
difference in pain VAS and ODI outcomes following vertebroplasty
between cancer-related (including between haematological and non-
haematological malignancy) and non-cancer-related VCF. There is a
striking lack of studies in the literature that have direct comparative
outcome data on malignant versus non-malignant VCF treated by
vertebroplasty – the majority have focussed on only one aetiology to
the exclusion of others (e.g. osteoporosis only or malignant VCF
only). There are similar magnitude reductions in pain VAS scores

Fig. 4. (A) Pain VAS pre- and post-vertebroplasty according to the number of
treated levels in 147 patients. There was no significant difference in the pain VAS
score between the different number of levels treated preoperatively and at Day 1,
Week 1, 1 month, 6 months and 1 year postoperatively (p40.05). Ninety-five per
cent confidence interval error bars are shown. (B) ODI pre- and post-vertebroplasty
according to the number of treated levels in 147 patients. There was no significant
difference in the ODI score between the different number of levels treated
preoperatively and at Day 1, Week 1, 1 month, 6 months and 1 year postoperatively
(p40.05). Ninety-five per cent confidence interval error bars are shown.

Fig. 5. (A) Pain VAS pre- and post-vertebroplasty according to aetiology of VCF in
147 patients. There was no significant difference in the pain VAS score between the
different aetiologies of VCF preoperatively and at day 1, week 1, 1 month, 6 months
and 1 year postoperatively (p40.05). Ninety-five per cent confidence interval error
bars are shown. (B) ODI pre- and post-vertebroplasty according to aetiology of VCF
in 147 patients. There was no significant difference in the ODI score between the
different aetiologies of VCF preoperatively and at day 1, week 1, 1 month, 6 months
and 1 year postoperatively (p40.05). Ninety-five per cent confidence interval error
bars are shown.
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post-vertebroplasty reported for osteoporotic VCF5,11–17 and for
malignant VCF22–24 (ranging between approximately 4.0 and 7.0) at
comparable follow-up times. Our study does much to validate these
previous data because it incorporates multiple aetiologies of VCF
that were treated at a single centre by a designated neurosurgical
team.

Hypotheses for the mechanism of pain and function improve-
ment following vertebroplasty include mechanical stabilisation of
the vertebral body through a hardening process of the bony cavity
caused by the cement,25 and neurotoxicity of the cement monomer
to intraosseus pain receptors.26–31 These processes would apply
across all pathologies; however, the benefit from ongoing treatment
of the underlying pathology, physiotherapy, increased mobilisation
and pharmacological bone protection (bisphosphonates and calcium
supplementation) may be equally effective.

We recognise that without a strict control group, our study
cannot reliably establish the efficacy of vertebroplasty over non-
operative treatment. Although much of the literature has shown
substantial improvements in pain and function following vertebro-
plasty, two recent prospective, blinded and randomised controlled
trials have shown vertebroplasty to be no more effective than
placebo in patients with acute osteoporotic VCF.32,33 Our institu-
tion’s practice in the UK reflects the recommendation of the
National Institute for Health and Clinical Excellence, which
supports the use of vertebroplasty in individuals with VCF
secondary to osteoporosis or vertebral body tumours in the context
of failed conservative treatment of greater than 4 weeks.4

There were 12 patients under 30-year-old with traumatic (non-
osteoporotic and non-neoplastic) VCF who were treated with
vertebroplasty. The evidence for vertebroplasty in this setting is
limited and the procedure is considered by many as controversial
given that young bone fractures will heal well naturally. However, a
recent large retrospective case series does support its use.34 The
complexity of the injuries and further endplate fracturing lead to
increased cement leakage are cited risks of vertebroplasty in this
group of patients.34 At our institution, we offer vertebroplasty for
young patients with traumatic VCF on a case by case basis, in order
to facilitate early rehabilitation, prevent delayed complications, as
well as to avoid extensive bracing and prolonged follow-up. Since
the pain and functional outcomes following vertebroplasty were very

Fig. 7. (A) Pain VAS pre- and post-vertebroplasty according to uni- versus bi-
pedicular approach. There was no significant difference in the pain VAS score
between uni- versus bi-pedicular approach at day 1, week 1, 1 month, 6 months
and 1 year postoperatively (p40.05). Ninety-five per cent confidence interval error
bars are shown. (B) ODI pre- and post-vertebroplasty according to aetiology of VCF
in 147 patients. There was no significant difference in the ODI score between uni-
versus bi-pedicular approach at day 1, week 1, 1 month, 6 months and 1 year
postoperatively (p40.05). Ninety-five per cent confidence interval error bars are
shown.

Fig. 6. (A) Pain VAS pre- and post-vertebroplasty according to the injected cement
volume. There was no significant difference in the pain VAS score between different
cement volumes injected at day 1, week 1, 1 month, 6 months and 1 year
postoperatively (p40.05). Ninety-five per cent confidence interval error bars are
shown. (B) ODI pre- and post-vertebroplasty according to the injected cement
volume. There was no significant difference in the ODI score between different
cement volumes injected at day 1, week 1, 1 month, 6 months and 1 year
postoperatively (p40.05). Ninety-five per cent confidence interval error bars are
shown.

Table II. Complications following vertebroplasty in 147
patients. The overall complication rate was 6% (9/147).

Complications n (%)

Further vertebral collapse
Tumour-related VCF
Osteoporosis-related VCF
Cement extravasation
Asymptomatic
Symptomatic
Foot drop

5 (3)
1
4
3 (2)
3
0
1 (1)

Overall 9 (6)
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similar across different aetiologies including trauma (Fig. 5), we
believe it was appropriate to include this small group of patients
within the overall analysis of outcome data.

Advantages in this study include a patient population that closely
approximated the demographics in several previously published
studies on vertebroplasty, a large sample size and close follow up
from day 1 until 1 year using validated pain and quality of life
measures acquired prospectively. We have not included radiological
correlates as these were not performed uniformly across all patients,
and were only carried out when deemed clinically necessary. In
addition, we have comparative outcome data across multiple
aetiologies of VCF, different levels of VCF and the number of
levels treated.

This study had a number of limitations. First, there was no
control group and therefore comparisons with conservative treat-
ments and other treatment modalities were not conducted. There
was also no blinding of the assessor during follow-up to aetiology of
VCF, the level of VCF and the number of levels treated. It is possible
that a systematic bias we cannot identify has been introduced
because of the observational nature of our study. In our study, 184
biopsies were performed in 135 patients. Of these 184 biopsies, 78%
were adequate diagnostic specimens, 41 (22%) were inconclusive
due to inadequate specimens, all of which were in patients with
single-level VCF. This meant that we were unable to confirm the
aetiology of VCF from the biopsy in 30% of patients (41/135). Our
biopsy adequacy rate of 78% is lower than the 90% figure quoted
from previous studies, including a meta-analysis of percutaneous
vertebral biopsy.35 We recognise that this may in part be due to our
routine use of a 2 mm diameter bone biopsy needle to obtain tissue
specimens as oppose to larger (42.5 mm) diameter needles favoured
by other institutions and which may allow a greater number of
pathological cells to be obtained.36,37

Conclusion

The analysis of our series using validated outcome measures for pain
and function represents the largest UK study of vertebroplasty to
date. Our study demonstrates that vertebroplasty may offer
sustained pain reduction and functional improvement from med-
ically refractory VCF that is independent from the level of fracture,
the number of treated levels and underlying aetiology.
Vertebroplasty may, therefore, represent a highly versatile procedure
for the treatment of medical refractory VCF. The procedure is
associated with low morbidity and mortality and a short hospital
stay.
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