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Mini abstract 

A randomised controlled trial of vertebroplasty (VP) versus placebo assessed the effect of VP 

on the risk of further vertebral fractures. While no statistically significant between-group 

differences for new or progressed fracture risk at 12 and 24 months were observed, we 

observed a consistent trend towards higher risk of any type of fracture in the group 

undergoing VP. Our analysis was underpowered and further adequately powered studies are 

needed to be able to draw firm conclusions about further vertebral risk with vertebroplasty.  

 

Abstract 

Purpose: To assess the effect of vertebroplasty (VP) on the risk of further radiologically 

apparent vertebral fracture within two years of the procedure. 

Methods: We conducted a randomised placebo-controlled trial of VP in people with acute 

osteoporotic vertebral fracture. Eligible participants were randomly assigned to VP (n=38) or 

placebo (n=40). Cement volume and leakage were recorded for the VP group. Plain 

thoracolumbar radiographs were taken at baseline, 12 and 24 months. Two independent 

radiologists assessed these for new and progressed fractures at the same, adjacent and non-

adjacent levels.  

Results: At 12 and 24 months, radiographs were available for 45 (58%) and 47 (60%) 

participants respectively. There were no between-group differences for new or progressed 

fractures: 32 and 40 in the VP group after 12 and 24 months compared with 21 and 33 in the 

placebo group (hazard ratio (HR) 1.80, 95% confidence interval (CI) 0.82 to 3.94). Similar 

results were seen when considering only adjacent (HR (95% CI): 2.30 (0.57 to 9.29)), and 

non-adjacent (HR (95% CI): 1.45 (0.55 to 3.81) levels. In all comparisons there was a 

consistent trend towards higher risk of any type of fracture in the group undergoing VP. 
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Within the VP group, fracture risk was unrelated to total (HR (95% CI): 0.91 (0.71 to 1.17)) 

or relative (HR (95% CI): 1.31 (0.15 to 11.48)) cement volume, or cement leakage (HR (95% 

CI): 1.20 (0.63 to 2.31)).  

Conclusion: For patients undergoing VP our study did not demonstrate significant increases 

in subsequent fracture risk beyond that experienced by those with vertebral fractures who did 

not undergo the procedure. However, because of the non-significant numerical increases 

observed, studies with adequate power are needed to draw definite conclusions about fracture 

risk.  
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Introduction 

Vertebroplasty (VP) is a minimally invasive procedure used to palliate pain from painful 

osteoporotic vertebral compression fractures. It was first introduced in the late 1980s but 

recent evidence has questioned its efficacy [1, 2], while data regarding its long-term safety is 

limited and inconclusive. Serious complications, including subsequent vertebral fractures, 

pulmonary and cerebral embolism, infection, cardiac perforation and cement leakage 

resulting in neurological deficit, have been reported [3-5]. 

 

Retrospective reviews of patients undergoing VP for osteoporotic compression fractures have 

reported that between 6% and 34% had new vertebral fractures following the procedure [6, 

7], but without the fracture risk for an appropriate comparison group, this information has 

limited value. Those with a prevalent fracture are at higher risk of a new vertebral fracture 

therefore it is important to determine whether VP increases the fracture risk beyond that 

expected for patients not having VP.  

 

Treated vertebral fractures can undergo height loss and persistent oedema [8] while vertebrae 

adjacent to the treated level appear to be more susceptible to incident fracture following 

vertebroplasty [7, 9-12], particularly in the short term, but the time frame for the occurrence 

of these subsequent fractures is unclear. A prevalent osteoporotic vertebral fracture also 

increases the risk of adjacent fractures [13] as there are spinal zones where risk is considered 

to be increased across several levels simultaneously [14]. 

 

A higher fracture risk for patients having VP compared with patients choosing alternative 

management has been reported by some [15, 16] but not all studies [10, 17, 18]. Fracture risk 

may also be related to the volume of cement injected, cement leakage, or patient 
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characteristics such as age or bone mineral density (BMD). A meta-analysis of 16 case-

control studies found that the risk of new vertebral fractures was higher for patients with low 

BMD, low body mass index and cement leakage but was not associated with age or cement 

volume [3]. 

 

Two recent blinded, randomised controlled trials (RCTs) showed no benefit of VP compared 

with a placebo procedure for improving pain or function in the short term [1, 2]. Adequately-

powered sub-group analyses based on these two RCTs also showed no differences in pain 

improvement between the groups up to one month following the trial procedure for patients 

with acute pain (less than 6 weeks) or severe pain (>8 on a 0 to10 VAS pain scale) [19]. The 

US-based trial allowed cross-over after one month complicating the assessment of the risk of 

subsequent vertebral fracture [2]. In the Australian-based trial there was no difference 

between the groups in new clinical vertebral fractures reported to six months [1]. Two-year 

follow-up also demonstrated no pain or function benefit of VP over the placebo 

procedure[20].  

 

We report here the 24-month independent radiology review of outcomes. The incidence of 

radiologically evident new and progressed vertebral fractures at the procedure level and 

adjacent and non-adjacent vertebrae is compared for the two groups. We also investigate the 

risk of new or progressed incident fractures in relation to cement volume, cement leakage and 

certain baseline patient clinical characteristics. 

 

Methods 

Between April 2004 and October 2010, we conducted a participant and outcome assessor 

blinded placebo controlled trial of VP. Full protocol details [21], and efficacy and safety 
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results have been reported elsewhere [1, 19]. Briefly, eligible participants had one or two 

acute osteoporotic vertebral compression fractures (OVCFs) of at least grade 1 [22] 

confirmed by history, radiograph and the presence of bone oedema on MRI. If MRI was 

contraindicated or could not be performed, a bone scan was required to determine the 

presence of increased uptake compatible with recent fracture. This applied to 12 (15%) of the 

78 participants. Eligible participants were randomised to vertebroplasty or a placebo 

procedure stratified by study centre, sex and duration of symptoms (< 6 weeks or ≥ 6 weeks). 

Participants and all study personnel other than the treating radiologist were blinded to 

treatment allocation. The human research ethics committees at each participating centre 

approved the study and all participants provided written informed consent. The trial was 

registered with the Australian New Zealand Clinical Trials Registry 

(ACTRN012605000079640). 

 

For the VP intervention, the participant was sedated with midazolam and fentanyl and local 

anaesthetic infiltrated into the skin overlying the target pedicle and the periosteum of the 

posterior lamina prior to making a small incision in the skin. Under image guidance, prepared 

polymethylmethacrylate (PMMA) cement was slowly injected into the vertebral body via the 

pedicle(s), using a 13-gauge needle, until substantial resistance was met or the cement 

reached the posterior quarter of the vertebral body. Fourteen (31%) of the 45 treated levels 

used a bipedicular approach. The total volume of cement injected and any cement leakage 

was determined during cement injection and assessed on final AP and lateral images post 

procedure. The placebo procedure was identical up to the skin incision. A 13-gauge needle 

was introduced through the excision to rest on the lamina.  
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The lamina was gently tapped with a blunt stylet, but not penetrated, to mimic the VP 

procedure and a small quantity of PMMA was prepared so that its smell permeated the room. 

 

Baseline data collected included lumbar and femoral neck bone mineral density (current or in 

the past year) and use of bisphosphonates and oral glucocorticoids. Plain radiograph and 

either MRI or bone scintigraphy and CT scans were performed at baseline to assess eligibility 

for the trial. Antero-posterior and lateral images were taken after the injection of cement in 

the active treatment group and all participants had plain radiographs taken at 12 and 24 

months post-procedure. At the end of the study, the baseline plain radiographs and MRI or 

bone and CT scans, and the follow-up radiographs were digitised. CDs containing the 

digitised images were couriered by registered mail to two independent radiologists (BMH & 

MDR) at the Mayo Clinic for review. Any plain radiographs taken to confirm symptomatic 

fractures occurring during the follow-up period were also digitised and sent for review. Any 

confirmed fractures were included in the analysis with the confirmed fracture date. 

 

The radiologists reviewed all available imaging and recorded vertebral body compression 

fractures of the visualized spine. CT, MRI, bone scan, and radiographs were reviewed 

together to identify the fractures. The fractures were categorized as mild, moderate, and 

severe with morphology of wedge, biconcave, or crush according to Genant’s semi-

quantitative technique [22]. The 12- and 24-month radiographs were assessed for new 

vertebral fractures and any progression of pre-existing vertebral fractures. New fractures were 

defined as development of abnormal vertebral body morphology with loss of normal height. 

Progression of pre-existing fractures was defined as increased loss of vertebral body height, 

or change in fracture morphology according to this semi-quantitative technique. For 

participants who had undergone VP, the amount of cement injected was assessed from the 
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radiograph at the time of the procedure as the ratio of the length of cement to the total length 

of the vertebra in each of the craniocaudal, anterior-posterior and medial-lateral directions. 

The relative volume of cement injected was then calculated as the product of the three ratios. 

The values used in the analyses were the mean scores for the two radiologists.  

 

Because of the radio-opacity of PMMA it was not possible to blind the radiologists reviewing 

the follow-up films. The radiologists reviewed the films independently and discrepancies 

were resolved by consensus at the completion of the review process. 

 

The risk of new and progressed fractures at the treated, adjacent and non-adjacent vertebral 

levels was compared for both treatment groups using Kaplan-Meier survival analysis. The 

event date was taken as the date of the x-ray and the censor date was the date of the 24-month 

x-ray or the date of the final questionnaire completed if no x-ray was available. Because an 

individual could experience multiple fracture events, participants remained in the risk set if a 

fracture event occurred. If a new fracture was assessed as progressed at one time point it was 

not included again at the later time.  

 

Possible predictors of overall fracture risk were assessed using Cox proportional hazards 

models including sex, site of treated level (thoracic or lumbar) and baseline values of age, 

lumbar and femoral neck T score ≤-2.5 or >2.5, previous spinal fracture, glucocorticoid use 

and duration, use of osteoporosis medication at baseline and current use collected at one and 

two years. 

 

The influence of total cement volume, relative cement volume and cement leakage on the risk 

of fracture was also investigated for the VP group using Cox modelling. 
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We calculated that a total sample of 164 participants (82/group) would be needed to show a 

three-fold increase in the risk of further vertebral fractures at 24 months assuming a 10% 

event rate in the placebo group [21]. However trial enrolment was terminated prior to 

reaching the planned sample size for long-term outcomes due to recruitment difficulties. The 

decision was made with the knowledge that the study’s power was sufficient to address the 

primary outcome. The decision to curtail recruitment was made without knowledge of any 

outcome results. 

Results 

A total of 92 vertebral levels were treated in the trial; 45 levels for the 38 participants having 

the VP procedure and 47 levels for the 40 participants undergoing placebo treatment. Treated 

levels were 15 thoracic (T6-T8: 6 placebo; 9 VP), 60 thoracolumbar (T7-L2: 29 placebo; 31 

VP) and 17 lumbar (L3-L4: 12 placebo; 5 VP. Not all pre-treatment MRI and/or bone scans 

were available for review. Some participants did not attend for follow-up radiographs or did 

not return their films and copies were not available from the imaging facility. Table 1 shows 

the availability of films sent for independent radiological review at baseline and each follow-

up time point.  

 

Of the 68 (74%) pre-treatment levels reviewed (29 (64%) VP, 39 (83%) placebo), bone 

marrow oedema and/or increased uptake on bone scintigraphy was detected in 61 (90%) 

levels (27 (90%) were in the VP levels and 34 (87%) were in the placebo procedure levels). 

The mean (SD) cement volume per level for the treated group was 2.8 (1.2) ml and cement 

leakage occurred at 18 (40%) treated levels. The mean (SD) relative cement volume was 34% 

(16%) for the 36 levels assessed at the radiology review. At one year, 60.6% of the VP group 

and 70.6% of the placebo group (65.7% overall) (p=0.34) reported taking treatment for 
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osteoporosis that included bisphosphonates (93%) and raloxifene (7%); at two years this had 

changed to 65.5% for the VP group and 67.9% for the placebo group (66.7% overall: 87% 

bisphosphonates, 11% raloxifene, 2% strontium ranelate) (p=0.85). 

 

Subsequent fractures for each group are shown in Table 2 by position, type and time after the 

procedure. Within the two-year follow-up period, there were 17 new fractures and 23 

progressed fractures in the VP group and 10 new and 23 progressed fractures in the placebo 

group. There were no significant differences between the groups for the risk of new or new 

and progressed fractures combined at any level, adjacent or non-adjacent (Table 3). Similarly, 

there were no significant differences between the groups for new or new and progressed 

fractures combined at the procedure level. In all comparisons, however, there was a 

consistent trend towards higher risk of any type of fracture in the group undergoing VP. 

Kaplan-Meier curves for new (Figure 1A) and progressed fractures (Figure 1B) at any level 

by treatment group are shown in Figure 1. Figure 2 shows Kaplan-Meier curves for new (2A) 

and new and progressed (2B) adjacent level fractures by group.  

 

Cox regression also indicated no association between the risk of new or progressed fractures 

at adjacent, non-adjacent or procedure level and age, sex, site of treated level, use of 

bisphosphonates at baseline or current bisphosphonate use, glucocorticoid use or duration of 

use, previous vertebral fracture, BMD, total or relative cement volume or cement leakage 

(Table 4). 
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Discussion 

In this randomised-controlled trial with 24-month follow-up, there were no statistically 

significant differences in the risk of new or progressed radiographically apparent fractures in 

participants who received VP compared with those who received a placebo procedure. 

However in all comparisons there was a consistent trend towards higher risk of any type of 

fracture in the group undergoing VP. Neither the volume of cement injected, cement leakage 

or vertebroplasty level was associated with the risk of subsequent fractures. In addition, none 

of the patient characteristics we examined were linked with subsequent fracture risk.  

 

Results from randomised controlled trials that have compared risk of subsequent vertebral 

fracture in participants receiving VP compared with those receiving conservative treatment 

have been inconsistent. One trial reported a significantly increased risk of radiologically 

apparent vertebral fractures associated with VP in comparison to usual care over 12 months 

follow up (29 new radiologic vertebral fractures observed in 17 of 64 patients treated with VP 

compared with 8 in 8 of 61 patients treated with usual care; Odds Ratio (OR) 2.78 (95% CI 

1.02 to 7.62)) [9]. They also reported a significantly higher risk of symptomatic vertebral 

fractures (OR 25.67 (95% CI 3.04 to 216.8)). Another trial reported a significantly lower risk 

of symptomatic vertebral fractures among patients receiving VP compared with usual care 

over two years of follow up (2.2% versus 13.3%, p<0.01) but did not report risk of 

radiologically apparent fractures [18]. Two trials did not observe an increased risk of 

radiologically apparent fractures with VP. Rousing et al. [23, 24] found no between-group 

difference in new radiologically apparent fractures at either 3 months (3 new fractures in the 

VP group versus 1 new fracture in the usual care group; Relative Risk (RR) 2.9 (95% CI 0.3 

to 25.7)) or 12 months (4 and 3 new fractures respectively; RR 1.3 (95% CI not reported)). 
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Klazen et al. [25] reported 18 new radiologically apparent fractures in 15 of 91 participants 

treated with VP compared with 30 new fractures in 21 of 85 participants treated 

conservatively (P=0.44) after a mean of 11.4 months follow up (median 12.0, range 1 to 24 

months; 12 people refused radiographs during follow up.   

 

The main strength of our study is the randomised and blinded allocation of participants to 

treatment group. This minimises the selection bias associated with participant or clinician 

choice of the procedure and gives a more appropriate assessment of the true effect of VP. 

Although the presence of bone marrow oedema was an eligibility criterion for inclusion in the 

study, independent radiology review confirmed the presence of oedema in only 90%. Given 

that bone marrow oedema can be quite subtle and subject to false positive diagnosis, there 

will be unavoidable inter-observer variability. Wang et al. [26] reported a kappa statistic for 

inter-rater reliability for Modic changes on vertebral MRIs of 0.79 and several studies have 

reported inter-rater agreement to be no higher than around 75% [27, 28]. 

 

Our sample size to assess safety outcomes was limited due to the early termination of 

recruitment and we had limited power to detect small to moderately increased risk of further 

vertebral fracture. With a total sample size of 78 we had only 50% power to demonstrate the 

hypothesised three-fold increase in fracture risk associated with VP. The hazard ratios seen in 

our study did not differ significantly from unity, ranging from 1.05 to 2.30 with wide 95% 

confidence intervals. While all comparisons consistently indicated an increased risk we have 

insufficient power to draw definite conclusions.  

 

Another limitation is that we had standardised long-term radiological follow-up of only 60% 

of all participants and 69% of those still participating. We also included radiologically-
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confirmed fractures identified at non-standard follow-up points for patients with back pain 

but as we have no information from those without radiological follow-up, we have no way of 

determining whether follow-up was related to fracture outcomes.  

 

We sought to determine whether VP increased the risk of any subsequent vertebral fracture. 

Our radiological review confirmed 73 new or progressed fractures but only around one third 

of these (N=27) were clinically apparent [20]. Under diagnosis (false negative) rates of up to 

46% have been reported for radiologically-confirmed vertebral fractures [29]. Delmas et al 

also reported discrepancies between local and subsequent central radiology review indicating 

a 34% false negative. Discrepancies between the two independent reviewers in our study 

were adjudicated to obtain consensus. Symptomatic, or clinically apparent, fractures are 

likely to cause the patient greater distress, but morbidity and mortality are increased 

following both symptomatic and asymptomatic fractures [30-32]. By either measure there 

were no statistically significant differences between participants having the VP or the placebo 

procedure. 

 

Objective outcomes such as radiologically confirmed fractures should be less prone to bias in 

outcome assessment but the radio-opacity of the cement makes blinded assessment 

impossible. Therefore, the two radiologists (BMH & MDR), who were not otherwise 

involved in the trial, would have been unblinded to the presence of cement in treated 

vertebrae at follow-up x-rays. If either radiologist had a pre-conceived belief, either positive 

or negative, about fracture risk following VP this could have resulted in bias of either 

direction.  
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To conclusively establish whether or not there is an increased risk of further vertebral fracture 

associated with VP would require further randomised placebo-controlled trials. These studies 

would need to be large and have extended follow-up to demonstrate even a moderate risk 

increase. However in the absence of proven benefits over placebo, it is questionable whether 

further placebo-controlled trials should be pursued. Meta-analyses of our study and other 

randomised placebo-controlled trials could also provide some insights.  

 

Population-based studies may be an alternative option but these need to be analysed carefully 

to account for differences in patient selection leading to biases in who gets treatment [33]. 

McCullough et al. examined a large database of US Medicare claims for patients with newly 

diagnosed vertebral fractures and illustrated how selection biases within claims data can alter 

results in this type of research; those undergoing vertebroplasty differed from those not 

having vertebral augmentation. After adjusting for pre-treatment pain and function, age, 

comorbidities, socio-economic status and access to healthcare, factors that may influence 

patient or physician choice of treatment, they found increased healthcare utilisation in the 

augmented group but no differences between the augmented and control groups in mortality 

or major medical complications at one year.  

 

Conclusions 

While VP in placebo-controlled studies has failed to provide superior pain relief or functional 

benefit compared with placebo, our study did not observe an increase in subsequent fracture 

risk beyond that experienced by those with vertebral fractures who do not undergo the 

procedure although lack of sufficient power precludes drawing definitive conclusions about 

fracture risk. 
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Table 1 Flow diagram of radiographs available for review at each time point 

 Vertebroplasty (N = 38)  Placebo (N = 40) 

Baseline Films reviewed = 32 (84%)
1
 

Films unavailable
2
 = 6 (16%) 

 Films reviewed =37 (93%) 

Films unavailable = 3 (7%) 

 ↓  ↓ 

1 year (N = 34 still participating;  

3 died and 1 withdrew) 

 

Films reviewed N = 27 (71%) 

Missing (N = 7):  

    12m x-rays not taken = 2 

    Films unavailable = 5 

 (N = 36 still participating; 

3 died and 1 withdrew) 

 

Films reviewed N = 24 (68%) 

Missing (N = 12):  

    12m x-rays not taken = 10 

    Films unavailable = 2 

 ↓  ↓ 

2 years (N = 32 still participating; 

2 died) 

 

Films reviewed N = 23 (61%) 

Missing (N = 9):  

    24m x-rays not taken = 3 

    Films unavailable = 6 

 (N = 32 still participating;  

4 died) 

 

Films reviewed N = 20 (50%) 

Missing (N = 12):  

    24m x-rays not taken = 8 

    Films unavailable=4 

1 
All percentages shown are percent of all patients randomised to the group. 

2 
Unavailability of films indicates films were unable to be retrieved from participant or 

imaging facility.   
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Table 2 New and progressed vertebral fractures in each treatment group during 

follow up according to level and treatment
1
 

Vertebroplasty group 

Fracture type 1 week 1 month 3 months 6 months 
1 year  

(N = 34) 

2 years 

(N = 36) 
Total 

New treated level 
    

1
2 

 
1 

New adjacent level 2 
  

1 
 

3 6 

New non-adjacent level 
   

7 1 2 10 

Progressed treated level 
 

1 
 

6 5 1 13 

Progressed adjacent level 
   

3 0 1 4 

Progressed non-adjacent level 
   

3 1 2 6 

Total 2 1 

 

20 8 9 40 

 
 

Placebo group 

Fracture type 1 week  1 month  3 months  6 months  
1 year  

(N = 32) 

2 years  

(N = 32) 
Total 

New treated level 
       

New adjacent 
 

1 
 

1 
 

1 3 

New non-adjacent 1 
  

3 
 

3 7 

Progressed treated level 
  

1 4 3 4 12 

Progressed adjacent level 
   

2 
  

2 

Progressed non-adjacent level 
   

4 1 4 9 

Total 1 1 1 14 4 12 33 

1
 Radiographs obtained prior to the one year follow up were available only for select 

participants who presented with new onset pain and radiographs were performed to look for 

further fractures.  

2
 This fracture at a treated level was considered to be a new fracture rather than progression 

of an existing fracture  
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Table 3 Absolute number of fractures and hazard ratios (95% confidence intervals) 

for increased risk in the VP group for new and progressed fractures or new fractures 

only at any level and according to level and treatment 

New and progressed fractures 
VP group 

fractures 

Placebo 

group 

fractures 

Hazard 

Ratio 

(95% Confidence 

Interval) 

Any level 40 33 1.29 (0.80, 2.08) 

Adjacent level 10 5 2.18 (0.74, 6.42) 

Non-adjacent level 16 16 1.18 (0.58, 2.43) 

Treated level 14 12 1.05 (0.47, 2.34) 

Untreated level 26 21 1.44 (0.80, 2.61) 

New fractures only    

 

Any level 17 10 1.80 (0.82, 3.94) 

Adjacent level 6 3 2.30 (0.57, 9.29) 

Non-adjacent level 10 7 1.45 (0.55, 3.81) 

Treated level
1 1 0 - - 

Untreated level 16 10 1.69 (0.77, 3.74) 

1
 No new fractures at treated level in the placebo group. 
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Table 4 Risk of new and progressed fractures (hazard ratios and 95% confidence 

intervals) for various predictor variables at any level and according to level and 

treatment 

Predictor variable Hazard Ratio (95% Confidence Intervals) 

Any level 

  Age (years) 1.02 (1.00, 1.05) 

Female 1.03 (0.54, 1.98) 

Bisphosphonate use at baseline 1.12 (0.55, 2.27) 

Current treatment for osteoporosis* 0.96 (0.56, 1.64) 

Glucocorticoid use at baseline 1.26 (0.78, 2.05) 

Duration of glucocorticoids 1.01 (0.98, 1.03) 

Previous spinal fracture 1.39 (0.85, 2.26) 

Lumbar spine T score 0.91 (0.76, 1.09) 

Lumbar spine T score ≤ -2.5 1.24 (0.67, 2.29) 

Femoral neck T score 0.92 (0.72, 1.19) 

Femoral neck T score ≤ -2.5 1.14 (0.69, 1.90) 

Total cement volume† 0.91 (0.71, 1.17) 

Relative cement volume† 1.31 (0.15, 11.5) 

Any cement leakage† 1.20 (0.63, 2.31) 

Treated lumbar fracture‡ 0.69 (0.43, 1.10) 

   Adjacent level 

 Age (years) 1.06 (0.99, 1.13) 

Female 0.95 (0.20, 4.40) 

Bisphosphonate use at baseline - - 

Current treatment for osteoporosis* 0.86 (0.29, 2.59) 

Glucocorticoid use at baseline 0.70 (0.22, 2.21) 

Duration of glucocorticoids 0.97 (0.84, 1.11) 

Previous spinal fracture 1.08 (0.39, 2.99) 

Lumbar spine T score 0.81 (0.51, 1.29) 

Lumbar spine T score ≤ -2.5 0.92 (0.24, 3.48) 

Femoral neck T score 0.71 (0.39, 1.30) 

Femoral neck T score ≤ -2.5 1.89 (0.56, 6.36) 

Total cement volume† 1.06 (0.66, 1.70) 

Relative cement volume† 4.45 (0.07, 296) 

Any cement leakage† 0.85 (0.21, 3.42) 

Treated lumbar fracture‡ 1.06 (0.37, 3.03) 

   Non-adjacent level 

 Age (years) 1.02 (0.98, 1.06) 

Female 1.09 (0.41, 2.87) 

Bisphosphonate use at baseline 1.56 (0.47, 5.17) 

Current treatment for osteoporosis* 1.10 (0.47, 2.58) 
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Glucocorticoid use at baseline 1.65 (0.80, 3.39) 

Duration of glucocorticoids 1.02 (0.99, 1.04) 

Previous spinal fracture 2.82 (1.20, 6.61) 

Lumbar spine T score 0.85 (0.66, 1.10) 

Lumbar spine T score ≤ -2.5 1.66 (0.63, 4.36) 

Femoral neck T score 0.95 (0.66, 1.36) 

Femoral neck T score ≤ -2.5 0.85 (0.41, 1.78) 

Total cement volume† 0.77 (0.51, 1.16) 

Relative cement volume† 3.52 (0.09, 131) 

Any cement leakage† 0.69 (0.24, 1.99) 

Treated lumbar fracture‡ 0.52 (0.24, 1.11) 

   Treated level 

 Age (years) 1.01 (0.97, 1.05) 

Female 1.00 (0.34, 2.96) 

Bisphosphonate use at baseline 0.52 (0.21, 1.33) 

Current treatment for osteoporosis* 0.88 (0.37, 2.14) 

Glucocorticoid use at baseline 1.26 (0.56, 2.84) 

Duration of glucocorticoids 0.97 (0.89, 1.06) 

Previous spinal fracture 0.77 (0.35, 1.73) 

Lumbar spine T score 1.05 (0.78, 1.43) 

Lumbar spine T score ≤ -2.5 1.00 (0.36, 2.78) 

Femoral neck T score 1.02 (0.66, 1.57) 

Femoral neck T score ≤ -2.5 1.33 (0.54, 3.27) 

Total cement volume† 0.99 (0.64, 1.53) 

Relative cement volume† 0.22 (0.01, 8.80) 

Any cement leakage† 3.14 (0.94, 10.4) 

Treated lumbar fracture‡ 0.87 (0.39, 1.94) 

   Untreated level 

 Age (years) 1.03 (1.00, 1.06) 

Female 1.04 (0.46, 2.37) 

Bisphosphonate use at baseline 2.31 (0.71, 7.51) 

Current treatment for osteoporosis* 1.01 (0.52, 1.97) 

Glucocorticoid use at baseline 1.27 (0.70, 2.31) 

Duration of glucocorticoids 1.01 (0.99, 1.04) 

Previous spinal fracture 1.96 (1.04, 3.70) 

Lumbar spine T score 0.84 (0.67, 1.05) 

Lumbar spine T score ≤ -2.5 1.39 (0.64, 3.01) 

Femoral neck T score 0.88 (0.64, 1.20) 
Femoral neck T score ≤ -2.5 1.06 (0.57, 1.97) 

Total cement volume† 0.87 (0.64, 1.19) 

Relative cement volume† 3.89 (0.25, 60.2) 

Any cement leakage† 0.74 (0.32, 1.73) 

Treated lumbar fracture ‡ 0.66 (0.36, 1.21) 
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* Includes bisphosphonates, raloxifene and strontium ranelate 

† Vertebroplasty patients only included in analysis. 

‡ compared with treated thoracic fracture  
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Figure 1. New (A) and New or progressed (B) fractures at any site 
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Figure 2. New (A) and New or progressed (B) fractures at adjacent levels 
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