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Abstract

Purpose
To investigate the variation in the use of, and outcomes for, vertebroplasty (VP) and balloon kyphoplasty
(BKP) techniques for osteoporotic spinal fracture for patients operated on within the National Health
Service in England.

Methods
This was an observational analysis of administrative data. Data were extracted from the Hospital
Episodes Statistics database for the period 1st April 2011 to 31st March 2018 for all VP and BKP
procedures. Patients aged < 19 years, with metastatic carcinoma and undergoing other decompression
procedures were excluded. The primary outcome was repeat spinal surgery within one year. Secondary
outcomes were 30-day emergency readmission, death within one year, extended hospital stay, post-
procedural pain within 30 days and post-procedural haemorrhage or infection within 30 days. Multilevel,
multivariable logistic regression was used to adjust for covariates.

Results
Data were available for 5,792 VP and 3,136 BKP patients operated on at 96 hospital trusts. In the 63
trusts that conducted more than 20 procedures during the study period, the proportion of procedures
conducted as BKP varied from 0–100%. There was no difference in any of the outcomes between VP and
BKP patients or between trusts performing ≥ 70% and ≤ 30% of procedures as BKP.

Conclusions
There is no evidence that VP is associated with poorer outcomes than VP. The greater costs of performing
BKP may be hard to justify as healthcare budgets continue to be put under pressure as they recover from
the coronavirus pandemic.

Introduction
The e�cient running of any healthcare system requires the optimisation of patient outcomes within a
�nite budget. In England, the Getting It Right First Time (GIRFT) programme is funded by the Department
of Health and Social Care with a remit to reduce unwarranted variation in clinical practice where this
impacts negatively on patient outcomes and/or the cost-effectiveness of the National Health Service
(NHS). Within the �eld of spinal surgery, the GIRFT National Report identi�ed wide variations across
hospital trusts in the use of vertebroplasty (VP) and balloon kyphoplasty (BKP) procedures, typically used
to manage symptoms of pain from osteoporotic spinal fractures.[1 ] Both procedures involve the injection
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of cement into the fracture site, but BKP uses a balloon to create a cavity, which allows the cement to be
injected in a contained manner. The use of both procedures for pain relief in cases of spinal malignancy
(e.g. myeloma) has a good evidence base in speci�c patient groups.[2 ] However, their value in the
management of benign fractures is more equivocal, with some studies reporting better outcomes and
some reporting no signi�cant difference in outcomes when compared to conservative management.[3–8,
9 ]

Nevertheless, the United Kingdom National Institute for Health and Care Excellence (NICE) recommends
both procedures as appropriate treatment for vertebral compression fractures but does not specify
particular circumstances where one may be preferred over the other.[10 ] When VP and BKP have been
compared directly, there is limited evidence to support the use of one over the other in treating vertebral
compression fractures.[3, 4, 11, 12 ] Of particular interest to the GIRFT programme is the fact that BKP
tends to be more expense to perform than VP, representing a potentially ine�cient use of resources if
outcomes are similar. We aimed to use an administrative dataset to investigate the use of, and outcomes
for, VP and BKP procedures for benign osteoporotic spinal fractures across the NHS in England. A
speci�c aim was to identify any differences in outcomes between the two procedures that may support
the use BKP over VP.

Methods
Study design and hypothesis

This was a retrospective analysis of administrative data from the UK Hospital Episode Statistics (HES)
database. Our null hypothesis was that outcomes would not be different for patients undergoing VP and
BKP. The alternative hypothesis was that outcomes would be better for BKP. The HES database is
collected by NHS Digital and included data for NHS hospital activity in England. This includes patients
admitted to non-NHS hospitals, but funded by the NHS. The data is primarily collected to allow hospitals
to be reimbursed for the cost of treating patients.  The data is entered by trained coders within each trust.
 

Ethics

Ethical approval was not sought for the present study because it did not directly involve human
participants. This study was completed in accordance with the Helsinki Declaration as revised in 2013.
Consent from individuals involved in this study was not required for analysis of this administrative
dataset. Data were accessed in a pseudonymised form. The presentation of data follows current NHS
digital guidance for use of HES data for research purposes.[13 ]

Data extraction

Setting
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All NHS hospitals in England are run by trusts. Each trust covers a geographically de�ned catchment area
of varying physical size and population. A single trust typically runs between one and four large
secondary or tertiary care hospitals, although vascular surgery will usually only be conducted in one
hospital per trust.

Time period

1st April 2011 to 31st March 2018 for the index procedure, with follow-up of up to one year post discharge.

Inclusion and exclusion criteria for index procedure

We extracted data relating use of VP or BKP for osteoporotic spinal fracture using the O�ce of
Populations Censuses and Surveys Classi�cation of Interventions and Procedures version 4 (OPCS-4)
codes V44.4 (VP) and V44.5 (BKP). Patients were excluded where: 

1. VP or BKP was not the dominant procedure,

2. the patient was aged < 19 years,

3. another spinal decompression procedure (OPCS-4 codes: V22.1 through to V27.9, V44.1, V44.2,
V44.3, V44.8, V44.9, V67.1 through to V70.9) was conducted during the same hospital stay,

4. there was a diagnosis of malignant neoplasm (including multiple myeloma and metastatic spinal
cord compression) in any of the �rst three diagnostic positions (using the International Classi�cation
of Disease and Function tenth revision (ICD-10) chapter code C--).  

Although we will have excluded some patients where the malignant neoplasm did not affect the spinal
structures, the higher risk of morbidity in these patients had the potential to skew our outcome measures.

To ensure all datapoints were independent of one another at a patient level, only the chronologically �rst
recorded index procedure for anyone who had more than one procedure during the study period was
included in the dataset.  The data extraction process is summarised in Figure 1. 

Primary outcome

Repeat spinal surgery in any subsequent admission within one year of discharge from the index
procedure. The OPCS-4 codes listed in Supplementary material Table S1 were used to de�ne the spinal
procedures considered as re-intervention procedures.

Secondary outcome

1. Emergency hospital readmission within 30 days of discharge

2. Mortality at one year post discharge. Mortality data were taken from the UK O�ce for National
Statistics (ONS).  

3. Length of hospital stay greater than the median. The median was calculated separately for VP and
BKP
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4. Back or spinal pain (ICD-10 code M54) reported as the dominant diagnosis during emergency
hospital admission at 30 days post-surgery. 

5. Haemorrhage (ICD-10 code T810) or infection (ICD-10 codes T814) during the index admission or
during emergency readmission within 30 days of discharge.

Exposure

VP or BKP was the primary exposure variable of interest.  In secondary analysis trusts undertaking these
procedures on more than 20 patients during the study period were categorised into those with ≥ 70% of
procedures conducted as BKP and those with ≤ 30% of procedures conducted as BKP. All other trusts
were excluded.  This analysis was performed to minimise potential bias due to the VP and BKP groups
varying systematically according to unmeasured variables relating to clinical presentation (e.g. disease
severity, nature of the fracture).  Systematic variations in presentation would be less likely to vary across
groups of trusts after adjustment for covariates.   

Covariates

1. Age in years

2. Sex

3. Hospital Frailty Risk Score (HFRS).[14 ] The HFRS  was categorised into bands of frailty (none, mild,
moderate or severe). The HFRS uses ICD-10 codes over the previous two years to identify frailty and
is calculated post-hoc.

4. Emergency or elective admission

5. Financial year of admission

�. Spinal site: thoracic, lumbar, other/multiple sites/not speci�ed

Data management and statistical analyses

Data were extracted from an encrypted SQL server controlled by NHS England and NHS Improvement and
analysed within a secure information technology environment. Data were managed and analysed using
standard statistical software: Microsoft Excel (Microsoft Corp, Redmond, WA, USA), Stata (Stata Corp
LLC, College Station, TX, USA) and Alteryx (Alteryx Inc, Irvine, CA, USA). Standard descriptive statistics
were used as appropriate to the level of the data.  Both age and length of stay were non-normally
distributed and are summarised using the median and inter-quartile range (IQR) 

Multilevel modelling was used to investigate the association between surgery type and the outcomes
speci�ed above with adjustment for the hierarchical nature of the data and covariates. A two-level
(patients nested within trusts) intercept only model was constructed using a logit link function. There was
no evidence of non-linearity in the relationship between age and the log odds of the primary outcome and
so age was modelled as a continuous variable without adjustment.  All other variables were categorical.
Each of the outcome variables was modelled with VP or BKP as the exposure variable with adjustment
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for the covariates listed above. In secondary analysis, trusts with ≥ 70% and ≤ 30% of procedures
conducted as BKP replaced procedure type as the exposure variable and the models were rerun. The
results of modelling are presented in terms of odds ratios (ORs) con�dence intervals (CIs) and tests of
signi�cance. A minimally clinically important difference (MCID) for repeat spinal surgery has not
previously been identi�ed. An MCID of 2.2% was set, representing a 30% increase in the proportion of
patients undergoing repeat spinal surgery for the BKP group. A thirty percent increase was based on
opinion within the team and the relative rarity of the outcome. 

Results
The extraction process summarised in Figure 1 identi�ed 5,792 VP and 3,136 BKP procedures conducted
on unique patients during the eight year study period. The characteristics of the two groups of patients
are summarised in Table 1. Patients operated on using VP and BKP appeared to be well matched in terms
of demographic and frailty characteristics and in terms of unadjusted outcomes.   

The procedures were conducted across 96 hospital trusts.  Of the 63 trusts that conducted more than 20
procedures during the study period, the proportion of procedures conducted as BKP varied from 0% to
100%.  The variation between these trusts is shown in Figure 2.

Table 2 summarises the outputs of the multilevel multivariable regression models for each of the
outcomes studied.  There was no signi�cant difference in the adjusted odds of any of the outcomes
between the VP and BKP group.  The model adjusted proportion of repeat surgery at one year was 6.1%
(95% CI 5.5 to 6.7) for VP and 7.2% (95% CI 6.3 to 8.1) for BKP, meaning that the MCID for BKP to be
superior to VP had not been reached. Table 3 summarises the �ndings of the models of trusts with high
and low rates of BKP.  There was no signi�cant difference in outcomes between trusts with rates of BKP
≥ 70% or ≤ 30%.  

Discussion
Our study reports data for all VP and BKP procedures conducted in England and funded by the NHS over
an eight year period. It is one of the largest studies in this area. Our �ndings are based on observational,
administrative data and cannot be regarded as de�nitive. However, we found no evidence that outcomes
for BKP were superior to those for VP for any of the outcomes studied.

Our �ndings support those from a USA-based small scale randomised controlled trial published in 2016,
which enrolled 56 patients to receive VP and 59 to receive BKP for vertebral body fracture.[11 ] The
authors found no difference in patient reported pain and disability scores between the two patient groups
at baseline, one month, six months and one year post-surgery. Both procedures were equally effective in
reducing pain and disability from baseline and gains were sustained at one-year post-surgery. A much
larger randomised trial of 404 patients by Dohm et al also noted similar long-term improvement in pain
and disability and no differences in safety between the two procedures.[15 ] Subsequent fracture was
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more common for VP, although not signi�cantly so. A randomised controlled trial by Liu et al also
supports these �ndings.[16 ]

A systematic review of 27 trials, found VP and BKP to be superior to conservative management in terms
of pain reduction and subsequent fractures, but no signi�cant difference between VP and BKP for both
outcomes.[3 ] However, BKP was favoured over VP for reduction in kyphosis and improved patient quality
of life. The authors noted signi�cant heterogeneity between studies, which will partly re�ect the broad
inclusion criteria, with non-randomised trials included and a minimum samples size of 20 patient. Other
systematic reviews have drawn very similar conclusions.[17, 18 ]

A study of 75,364 VP patients and 141,343 BKP patients from the USA Medicare administrative database
from 2005-09 which used propensity score matching found BKP to be generally superior to VP in terms of
mortality and morbidity and both techniques to be superior to conservative management.[4 ] These
�ndings are at odds with our own. This may re�ect improvements in VP outcomes over the last ten years
or differences in patient selection criteria (e.g., inclusion of patients with cancer diagnoses) between the
two studies. As will be the case for our analytical methods, some aspects of clinical presentation will not
have been fully accounted for by the method of propensity score matching used in the USA study. Very
different models of healthcare funding and differences in clinical practice in England and the USA may
also have introduced some bias when comparing the �ndings directly.

Our study has a number of strengths. The exclusion of patients with metastatic neoplasms as a potential
source of the fracture helps ensure a relatively homogenous patient population. By using a national
database, we were able to link readmissions to different hospital trusts than the one that performed the
index procedure. This is particularly important for procedures such as VP and BKP which are often
performed at regional specialist spinal surgery centres at some distance from the patient's and local
emergency care hospital. The HES database is also relatively complete, with very few missing data,
re�ecting the link between data entry and provider payment.

The main limitation of our study is that we were unable to comment on clinical presentation directly.
Patients in the VP and BKP groups could vary systematically according to fracture severity, time from
fracture to intervention, degree of kyphosis, imaging appearance or underlying health status. However,
age and frailty pro�les between those receiving VP and those receiving BKP were similar, with VP patients
being slightly more likely to be severely frail. Furthermore, our analysis of data for trusts with high and
low rates of BKP will help to minimise such biases since it is unlikely factors related to clinical
presentation will have varied systematically across these two groups of trusts.

Although the HES database includes data for all patient episodes, some data entry inconsistencies have
been noted, mostly with regard to differences in coding practice for procedures across trusts.[1 ] However,
VP and BKP have a single, well-de�ned OPCS-4 code and so coding should be relatively unambiguous. As
with any administrative database, HES is limited in terms of the types of patient outcomes which can be
studied. Data on patient quality of life and other patient reported outcomes would be valuable, allowing a
deeper understanding of how procedure choice impacts on patient outcomes and experience. Although
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we report data on early return to hospital with pain, these are likely to be an under-report. We will only
have captured the most severe cases of post-procedural pain; those requiring an emergency hospital
admission. Finally, our study is observational and, for the reasons outlined above, is not de�nitive.

Conclusions
Our study provides evidence that outcomes for patients undergoing VP and BKP are similar. Although a
large-scale randomised controlled trial would be needed to provide more de�nitive evidence, our �ndings
support the view of the UK NICE that one procedure cannot be recommended over the other based on
patient outcomes. As such, the additional costs of performing BKP may be hard to justify as healthcare
budgets continue to be put under pressure as they recover from the coronavirus pandemic. We
recommend that NICE update their guidance (published in 2013) in light of our �ndings and other recent
literature. Furthermore, the observed variation in use of VP/BKP emphasises the need for a national
standardised pathway for the use of cement augmentation in vertebral fractures to support clinicians in
their choice of technique.
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Tables
Table 1: Profile of all patients according to whether they received a vertebroplasty or balloon kyphoplasty procedure

 
 

Vertebroplasty (n =
5,792)

Balloon kyphoplasty (n
= 3,136)

Median age in years (interquartile range) 72 (63 to 79) 72 (63 to 79)
Number of females (%) 4080 (70.4%) 2202 (70.2%)
Hospital Frailty Risk Score band
None 1690 (29.2%) 977 (31.2%)
Mild 2015 (34.8%) 1082 (34.5%)
Moderate 1592 (27.5%) 869 (27.7%)
Severe 495 (8.5%) 208 (6.6%)
Elective admission 4408 (76.1%) 2380 (75.9%)
Body site    
Thoracic 2321 (40.1%) 1268 (40.4%)
Lumbar 1723 (29.7%) 1049 (33.5%)
Other/Not specified/multiple sites 1748 (30.2%) 819 (26.1%)
Financial year    
2011/12 753 (13.0%) 426 (13.6%)
2012/13 613 (10.6%) 347 (11.1%)
2013/14 711 (12.3%) 397 (12.7%)
2014/15 677 (11.7%) 425 (13.6%)
2015/16 702 (12.1%) 441 (14.1%)
2016/17 788 (13.6%) 423 (13.5%)
2017/18 801 (13.8%) 398 (12.7%)
2018/19 747 (12.9%) 279 (8.9%)
Repeat spinal surgery within one year of discharge 351 (6.1%) 226 (7.2%)
Emergency hospital readmission within 30 days 449 (7.8%) 252 (8.0%)
Death within one year of discharge 322 (5.6%) 161 (5.1%)
Median length of stay in days (IQR)                     1 (0 to 3) 1 (1 to 3)
Back or spinal pain on emergency admission at 30 days post-discharge 68 (1.2%) 39 (1.2%)
Haemorrhage or infection during index admission or on emergency hospital
admission within 30 days

30 (0.5%)
 

14 (0.4%)

IQR = interquartile range
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Table 2: Multivariable models of the relationship between procedure type and outcome after adjustment for covariates

  Odds ratio (95% CI),
significancea

Primary outcome  

Repeat spinal surgery within one year of discharge 1.14 (0.93 to 1.39), p = 0.220

Secondary outcomes  

Emergency hospital readmission within 30 days 1.08 (0.91 to 1.30), p = 0.373

Death within one year of discharge 0.96 (0.77 to 1.18), p = 0.681

Length of stay greater than the median 1.07 (0.90 to 1.27), p = 0.458

Back or spinal pain on emergency admission at 30 days post-discharge 1.05 (0.70 to 1.57), p = 0.806

Haemorrhage or infection during index admission or on emergency hospital admission within
30 days

1.06 (0.53 to 2.14), p = 0.865

a Vertebroplasty was the reference category, thus odds ratios refer to the odds of the outcome in those undergoing kyphoplasty
relative to those undergoing vertebroplasty 

 

Table 3: Multivariable models of the relationship between trusts with ≥ 70% and ≤ 30% rates of kyphoplasty and outcome after

adjustment for covariates

  Odds ratio (95% CI),
significancea

Primary outcome  
Repeat spinal surgery within one year of discharge 1.17 (0.89 to 1.54), p = 0.248

Secondary outcomes  

Emergency hospital readmission within 30 days 1.18 (0.97 to 1.43), p = 0.101

Death within one year of discharge 1.00 (0.78 to 1.29), p = 0.984

Length of stay greater than the median 1.45 (0.77 to 2.73), p = 0.252

Back or spinal pain on emergency admission at 30 days post-discharge 0.99 (0.63 to 1.57), p = 0.967

Haemorrhage or infection during index admission or on emergency hospital admission within
30 days

0.73 (0.31 to 1.70), p = 0.465

a Trusts with rates of kyphoplasty ≤ 30% were the reference category , thus odds ratios refer to the odds of the outcome in  trusts
with rates of kyphoplasty ≥ 70% compared to those with rates of vertebroplasty ≤ 30%.  Fifteen trusts (2,172 patients) had rates of
kyphoplasty  ≥ 70% and 34 trusts (4,775 patients) had rates of kyphoplasty ≤ 30.

Figures
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Figure 1

Study patient �ow diagram
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Figure 2

Variation in the proportion of procedures conducted as kyphoplasty by hospital trust
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