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Abstract

Background Percutaneous vertebroplasty (PV) is an alter-

native option to treat pain after an osteoporotic vertebral

compression fracture (OVCF). Controversy exists as to

whether PV increases the risk of new OVCFs or prevents

further vertebral height loss in treated levels. We assessed

both during 1-year follow-up in patients with acute OVCF

randomised to PV or a sham procedure.

Methods VERTOS IV is a prospective, multicentre, ran-

domised controlled trial comparing PV with sham therapy

in 180 patients. New OVCFs and further vertebral height

loss were assessed at 3, 6, and 12 months.

Results After a median follow-up of 12 months (in-

terquartile range (IQR) = 12–12) 31 new fractures were

reported in 15 patients from the PV group and 28 new

fractures in 19 patients from the sham group. The

occurrence of new vertebral fractures did not significantly

differ between the groups (v2(1) = 0.83, p = 0.36, OR =

.71, 95%CI = 0.33–1.50). There was no higher fracture

risk of adjacent versus distant vertebrae. After sham pro-

cedure, further height loss of treated vertebrae occurred

more frequently (7 patients (8%) in the PV group and 39

(45%) in the sham group (v2(1) = 28.85, p\ 0.001,

OR = 9.84, 95%CI = 4.08–23.73)) and was more severe

(p\ .001) than after PV.

Conclusions The risk of further vertebral height loss is

significantly lower after PV compared to a sham inter-

vention, i.e. PV protects against progressive vertebral

height loss. In addition, PV does not increase the risk of

new adjacent and distant OVCFs.

Level of Evidence Level 1a, therapeutic study.

ClinicalTrials.gov number, NCT01200277
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Introduction

A clinically diagnosed thoracic or lumbar osteoporotic

vertebral compression fracture (OVCF) in the elderly can

be regarded as a risk factor for subsequent long-

term morbidity, especially in women, and for mortality in

both genders [1, 2]. In most patients with an acute OVCF,
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pain decreases significantly with conservative therapy,

predominantly in the first 6 months [3]. When pain

response to analgesics is insufficient, percutaneous verte-

broplasty (PV) is considered an option. PV is a minimally

invasive procedure involving injection of polymethyl-

methacrylate (PMMA) into a fractured vertebral body and

can be used as an analgesic. Side effects and complications

of PV were reported by some authors who believed that PV

is associated with a higher incidence of new OVCFs as a

result of cement leakage in the adjacent vertebral disc

space or due to augmented stiffness of the treated vertebral

body, related to the amount of injected cement [4–8].

Others disputed this assumption and considered the inci-

dence of new OVCFs dependent on the presence and

severity of osteoporosis or related to the number of frac-

tures at baseline [9–12]. Patients with osteoporosis and one

or more OVCFs at baseline have a fivefold (cumulative

incidence of 6.6%) increased risk of a new OVCF during

1-year follow-up [13]. Whether the injection of PMMA

increases the risk during 1 year after treatment compared to

a sham intervention is still under debate.

Decreased incidence of further height loss in treated

vertebral bodies after PV was earlier described in a ran-

domised trial that compared PV with conservative therapy

[12].

The VERTOS IV study is a prospective, multicentre,

randomised controlled trial (RCT) assessing pain relief

after PV compared to sham during 1-year follow-up. In this

article we describe in more detail the incidence of new

OVCFs and further vertebral height loss in patients ran-

domised to PV or sham intervention from VERTOS IV.

Methods

Study Design and Patients

This sham RCT was carried out by four large teaching

community hospitals in the Netherlands. The inclusion

criteria were as follows: age of 50 years or older; 1–3

OVCFs from level T5 down to L5, focal back pain at the

fracture(s) level(s) for 6 weeks or less, a visual analogue

scale (VAS) score of 5 or higher, and a decreased bone

density (T score B - 1). With imaging, a minimum of

15% vertebral height loss was required as well as vertebral

body bone oedema on MRI. Independent confirmation of

the patient’s focal back pain relating to the OVCF was

provided by an internal medicine specialist performing

physical examination prior to randomisation. Exclusion

criteria were as follows: severe cardiopulmonary morbid-

ity, untreatable coagulopathy, systemic or local spine

infection, suspected malignancy, neurologic symptoms,

and inability to obtain MRI. MRI was required for

participation in this study, and as a result, patients with

contraindication for MRI were excluded.

The institutional review board at each participating

centre approved the study protocol. Patients provided

written informed consent. More detailed information of this

trial, including the protocol, patient selection, and clinical

outcome measures, is described in detail elsewhere [14].

Procedures

Prophylactic PV was not performed in asymptomatic

patients. Patients were randomly allocated to PV or the

sham intervention using computer randomisation codes

with a block size of six with a maximum sample size of 84

for each participating centre (randomisation ratio 1:1).

Masking was applied for the participating patients, internal

medicine specialist, and outcome assessors. The assign-

ment stayed concealed for all patients and study personnel

involved in the post-interventional care during the one-year

follow-up. Masking was not possible for the interventional

radiologists during the procedure and for the two radiolo-

gists who assessed the imaging during follow-up.

All patients received local subcutaneous infiltration with

1% lidocaine followed by periosteal 0.25% bupivacaine at

each pedicle. In every sham and cement case, two stab

incisions were made at the level of the vertebral body in

question. Next, the sealed randomisation envelope was

opened and the content was communicated to the inter-

ventional radiologists. In both groups, bone biopsy needles

were placed bilaterally: standard transpedicular placements

for PV or just against the periosteum for sham. Cement was

prepared in both groups with an activated cement mixer in

the interventional radiology suite in the immediate prox-

imity of the patient. As a result, the mixing sound could be

heard and the PMMA (Vertaplex�, Stryker, Kalamazoo,

USA) was smelled by everyone in the room, including the

patient. In the PV group, a cement injector was attached to

the needles that had previously been placed. In the sham

group we simulated the injection phase of the procedure;

verbal and physical cues were performed to simulate PV.

PMMA was infused using standard techniques in the PV

group. The infusion in the PV group was stopped when a

proper maximum filling of the total vertebral body was

obtained in AP and sagittal projection or when cement

leakage or migration was noticed into the intervertebral

disc space, epidural, or paravertebral veins. In patients with

multiple fractures, all OVCFs were treated contempora-

neously according to the assigned group. Additional anal-

gesics were allowed for patient comfort during the

procedure. All PV patients underwent a post-procedural CT

scan, whereas sham patients received a scout only. The

threshold for describing leakage was anything perceptible

on CT.
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The patients (all outpatient procedures) were ambulant

and treated with a maximum hospital stay of 12 h after the

intervention. Because both patients and nurses at the ward

were blinded to the intervention, all patients received the

same patient care during hospital stay and at discharge. At

discharge, all patients were advised to mobilise. There

were no other medical aids recommended (e.g. physio-

therapy, corset). The osteoporotic medication was pre-

scribed following the standard protocol used in all patients

at the participating institutions with fractures due to

osteoporosis. Hence, both groups received the same med-

ications during follow-up: calcium/vitamin D and bispho-

sphonates. Pain medication was prescribed or continued if

necessary.

Imaging Measurements

All imaging from the participating hospitals was reviewed

by two independent diagnostic radiologists at the coordi-

nating centre. They independently performed semi-quan-

titative and quantitative morphometric assessments at

baseline and follow-up imaging [15, 16].

At baseline, both AP and sagittal thoracic and lumbar

plain X-rays and whole-spine MR imaging were per-

formed. An OVCF was defined when more than 15%

vertebral height loss occurred. Bone oedema was identified

on the sagittal STIR MRI sequence. Osteonecrosis was

defined as intravertebral body vacuum cleft with collection

of fluid (hyperintense signal on T2-weighted images), air

(signal void on all images), or both [17]. The CT scans

were reviewed in the PV group. The threshold for

describing cement leakage was anything perceptible on a

CT axial slice.

Thoracic and lumbar (AP and sagittal) X-rays were

obtained at 3-, 6-, and 12-month follow-up, and MRI was

performed in case of secondary symptomatic OVCFs. A

new OVCF was defined as a decrease of at least 4 mm in

vertical dimension [18]. Height loss in a new OVCF was

categorised as mild, moderate, and severe. No magnifica-

tion was used. Distribution of new OVCFs was classified as

adjacent to the treated level, between treated levels, and

distant to the treated level [19]. A new OVCF in relation to

osteonecrosis at baseline was documented. Further height

loss during follow-up of treated baseline OVCFs with bone

oedema was defined as height loss of 4 mm or more, cat-

egorised as moderate (4–7 mm) and severe ([ 8 mm).

Disagreement between the observers was resolved in a

consensus meeting. Leakage of cement was recorded even

for very small cement traces outside the target vertebra and

defined as type 1 (disc above), type 2 (disc below), type 3

(perivertebral soft tissue), type 4 (perivertebral veins), type

5 (pulmonary), and type 6 (spinal canal). Because bone

cement is radio-opaque, treatment assignment could not be

blinded during assessment.

Statistical Analysis

Means and standard deviations were reported for normally

distributed continuous variables. In case of non-normality,

we reported the median and interquartile range (IQR).

Independent samples t-tests were used to compare mean

differences between groups, and Chi-square tests were used

to assess differences in proportions. Associations between

ordinal variables were assessed using Spearman’s rho. The

incidence and timing of new OVCFs was analysed using

survival analysis. The cumulative incidence was calculated

using Kaplan–Meier estimates. Differences between sur-

vival curves were investigated using the log-rank test. We

assessed a possible relation between the incidence of new

OVCFs and the following factors: age, gender, randomi-

sation, baseline VAS score, bone mineral density, fracture

level, number of prevalent fractures, fracture severity,

presence of osteonecrosis, number of vertebral levels

treated, mean amount of bone cement injected per vertebra,

cement leakage into the disc, cement leakage into the soft

tissue around the vertebra, and cement leakage into the

veins. Linear regression analysis was used to determine

risk factors for the number of new OVCFs and progressive

height loss. Lastly, we used mixed modelling in SPSS to

conduct a repeated-measures multilevel analysis (level

1 = time point; level 2 = individual) to assess predictors of

the change in VAS scores over time. The repeated mea-

sures were modelled according to the first-order autore-

gressive (AR1) error structure. P-values smaller than 0.05

were considered to indicate statistical significance.

Results

Between April 2011 and April 2014, 1280 patients with

local back pain and one to three OVCFs, aged 50 years or

older, were screened for eligibility, of whom 180 were

randomly allocated to treatment. (Ninety-one patients

received PV, and 89 patients received a sham procedure.)

One hundred fifty-six patients who would have been eli-

gible for randomisation declined to participate for different

reasons including patients’ demand for open-label PV.

After randomisation a total of four patients were excluded.

One patient was excluded from the PV group, because of

the presence of more than three fractured levels. Two

patients were excluded from the sham group because

multiple myeloma was diagnosed after randomisation. One

patient was excluded because of a missing intake form.

Thirteen patients died of unrelated causes during 1-year
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follow-up: eight in the PV group and five in the sham group

(Fig. 1).

Finally, 84% (76) of the patients from the PV group and

88% (76) of the patients from the sham group completed

the 1-year spine X-ray follow-up. The median follow-up

for imaging was 12 months (IQR = 12–12). The median

duration between the onset of local back pain and initial

imaging was 30 days in the PV group (IQR = 15–42) and

23 days in the sham group (IQR = 15–36). After the

diagnostic radiography, PV took place 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 symptoms onset to treatment was 43 days (in-

terquartile range 29–52 days) in the PV group and 36

(24–51) days in the sham procedure group. The baseline

characteristics of both groups were similar (Table 1).

Most of the OVCFs were moderate wedged or bicon-

cave and located at the thoracolumbar level. In the PV

group 48.9% of the fractures occurred spontaneously (no

history of increased force on the spine), 18.9% after a

Fig. 1 Enrolment and

outcomes. PV = percutaneous

vertebroplasty. §

Pain[ 6 weeks, older fracture

diagnosed on previous X-ray, no

bone oedema. * VAS lower than

5 while waiting for treatment,

and thus no longer met inclusion

criteria for randomisation.

Patients who missed an interim

assessment by not returning the

questionnaire, holiday, or

hospitalisation for an unrelated

reason to the study were

included in subsequent

assessments
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minor trauma (fall from a standing height or less or a

fracture that occurred during daily activities such as lifting

a heavy object), and 18.9% after a significant trauma

(motor vehicle accident, sports-related accident, fall from a

considerable height). In the sham group 38.4% of the

fractures occurred spontaneously, 22.1% after a minor

trauma, and 22.1% after a significant trauma. These pro-

portions did not differ significantly between treatment

groups (v2(3) = 2.037, p = 0.565). Twenty-four patients

(26.7%) from the PV group and 17 patients (19.8%) from

the sham group had osteonecrosis at the treated level

diagnosed on baseline MRI. These proportions did not

differ between groups (v2(1) = 1.171, p = 0.279, OR =

1.48, 95%CI = 0.73–2.99).

In the PV group 90 patients received PV for 115 ver-

tebral bodies. In the sham group 86 patients were treated

for 108 vertebral bodies. When more than one symptomatic

fracture with bone oedema occurred in the same patient, all

fractures were treated similar in 1 session. One hundred

and thirty-six patients from both groups were treated for

one fracture, 30 for two fractures, and 9 for three fractures.

Patients undergoing PV were treated with local anaes-

thetics exclusively, unless they required moderate sedation

resulting in 50 micrograms Fentanyl being administered in

20/90 (22%) patients. Mean volume of cement placed was

5.11 mL (SD 1.81; range 1–11 mL). Cement volume did

not differ between patients in the PV group with and

without secondary fractures [t(88) = 1.52, p = 0.133].

Furthermore, cement volume did not significantly correlate

with the number of new fractures in patients in the PV

group, as indicated by Spearman’s rho (rs=0.129,

p = 0.226). After applying a Bonferroni correction for six

correlation analyses at each follow-up measurement,

cement volume did not significantly predict the VAS scores

at any of the time points.

Post-procedural CT scans demonstrated cement leakage

in 105 of 115 treated vertebrae (91.3%). Leakage type 1

occurred in 20% of cemented vertebral bodies, type 2 in

15%, type 3 in 10%, type 4 in 39%, type 5 in 7%, and type

6 in 8%. All cement leakages were asymptomatic. The

volume of injected cement was not significantly associated

Table 1 Baseline characteristics

Characteristics PV group (N = 90) Sham group (N = 86)

Mean (SD) age (years) 74.7 (10.7) 76.9 (8.1)

Women 67 (74%) 66 (77%)

Median (interquartile range) number of days with back pain before procedure 43 (29–52) 36 (24–51)

Number of OVCFs at baseline 115 108

Mild (10–20%)a 37 (32%) 30 (28%)

Moderate (20–40%) 51 (44%) 49 (45%)

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

Wedge 56 (49%) 65 (60%)

Biconcave 59 (51%) 44 (40%)

Crush 0 0

Osteonecrosis 24 18

Vertebral level with bone oedema

Th5-Th10 36 (31%) 24 (22%)

Th11-L2 59 (51%) 69 (64%)

L3-L5 20 (17%) 15 (14%)

No. of spinal levels treatedb

1 70 (61%) 66 (61%)

2 15 (26%) 15 (28%)

3 5 (13%) 4 (11%)

Bone density T score - 2.4 (1.0) - 2.4 (0.9)

Initial VAS scorec 7.7 (1.4) 7.9 (1.6)

Values are numbers (percentages) unless stated otherwise
aGenant classification
b1—one vertebral fracture with bone oedema treated; 2—two vertebral fractures with bone oedema treated; 3—three vertebral fractures with

bone oedema treated
cVAS = visual analogue score on a scale of 0–10
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with the frequency of cement leakage (rs= - .10,

p = 0.347).

In the PV group 24 patients were treated for a fracture

with osteonecrosis and 17 in the sham group. The presence

of osteonecrosis did not influence the differences between

the PV and sham groups in VAS scores during follow-up,

as assessed by a three-way interaction effect in the mixed

model analysis between osteonecrosis, treatment group,

and measurement occasion [F(13, 711.94) = 0.374,

p = 0.978].

Five patients in the PV group and 4 patients in the sham

group were treated for fractures at 3 levels. These subsets

did not differ significantly with respect to their change in

VAS scores over time [F(6, 35.53) = 1.345, p = 0.263].

New OVCFs During Follow-up

After a median follow-up of 12 months (IQR = 12–12) 31

new fractures were reported in 15 patients from the PV

group and 28 new fractures in 19 patients from the sham

group. The difference in incidence of new OVCFs was not

significant [F(1522) = 0.277, p = 0.600]. The location of

new OVCFs did not differ between the groups (Table 2).

There was no higher fracture risk of adjacent versus distant

vertebrae. Time to new OVCF is graphically displayed in

Fig. 2. The presence of osteonecrosis was not associated

with the occurrence of secondary fractures (v2(1) = 0.173,

p = 0.678).

From the 15 patients with new fractures in the PV group,

6 were symptomatic with bone oedema on MRI and

received again PV at the new 13 fractured levels. From the

19 patients with new fractures in the sham group, 6 were

symptomatic with bone oedema on MRI and received a

sham procedure at the new 7 fractured levels.

Leakage into the disc above or below (type 1 and type 2)

was not associated with more secondary fractures

(v2(8) = 2.81, p = 0.946).

The number of fractures at baseline was not associated

with the number of new fractures over the 12-month fol-

low-up (v2(12) = 16.521, p = 0.169).

Occurrence of Height Loss in Treated Vertebra

Further height loss during follow-up of treated baseline

OVCFs was observed in 7 (8%) patients in the PV group

and 39 (45%) patients in the sham group (v2(1) = 28.85,

p\ 0.001, OR = 9.84, 95%CI = 4.08–23.73). Severity

grading of further height loss is displayed in Table 3. Time

to the first occurrence of height loss is graphically dis-

played in Fig. 3. One patient from the sham group received

an additional intervention at the treated level, because of

persistent pain.

Adverse Events

There were two adverse events in the PV arm. One patient

with COPD GOLD IV developed respiratory insufficiency

after the procedure related to her underlying pulmonary

disease. Another patient had a self-correcting vasovagal

reaction.

Discussion

Our study demonstrated that further height loss of

cemented vertebral bodies is prevented in nearly all

patients after PV. Apparently, the treated vertebra is

strengthened by the injected cement present in the vertebral

body. In addition, only moderate vertebral height loss was

noticed after PV compared to more severe height loss after

sham intervention without cementation. Thus, cementation

provides an important advantage in the prevention of

morbidity associated with deterioration of posture such as

severe kyphosis related to, for example, impaired pul-

monary function and mortality [20, 21].

PV did not increase the risk of new vertebral fractures in

the first year after treatment. There was no higher fracture

risk of adjacent versus distant vertebral bodies. Thus,

location of new OVCFs did not differ between groups. We

found no risk factors after PV and sham for new fractures.

The number of vertebral fractures at baseline, neither the

presence of osteonecrosis nor cement leakage led to a

Table 2 Distribution of new OVCFs

Distribution of new OVCFsa PV (n = 31) Sham (n = 28) Test for differenceb Odds ratio (95%CI)

Adjacent above

Adjacent under

16 (52%) 14 (50%) v2(1) = 0.02, p = 0.902 1.07 (0.38–2.96)

Between (sandwich) 1 (3%) 1 (4%) v2(1) = 0.005, p = 0.942 0.90 (0.05–15.10)

Distant 14 (45%) 13 (46%) v2(1) = 0.01, p = 0.922 0.95 (0.34–2.65)

aA new OVCF was defined as a decrease of at least 4 mm in vertical dimension
bChi-square test for crosstabs
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higher rate of new adjacent or distant vertebral fractures

during the 12-month follow-up period.

The protective mechanical effect of cement has been

reported by only few earlier (sham) RCTs comparing PV

versus conservative management (pain medication, bed

rest, and bracing) [12, 22]. Similar to our results, the

VERTOS II RCT reported no progressive height loss in

nearly all patients after PV as opposed to further vertebral

body collapse in patients treated conservatively during

12-month follow-up [12]. Likewise, the VAPOUR sham

RCT reported significant less vertebral height loss after PV

with a 36% point difference in mean vertebral body height

between the cemented (27%) and the control (63%) group

[22].

Some non-controlled studies reported the risk of new

vertebral fractures more often located adjacent to the

cemented level [4, 6, 8, 23]. A possible explanation for

having new fractures following vertebroplasty is the altered

biomechanics in the treated area of the spine. Cement in an

augmented vertebral body acts as a ‘‘pillar’’ that both

reduces the normal inward bulge of the treated endplate

and increases the stiffness of both the intervertebral joint

and the whole motion segment. Contrary to the publica-

tions and hypothesis, our results showed no increased risk

of a new vertebral fracture adjacent or distant to the

cemented level. Likewise, a recently published review and

one meta-analysis are sustaining this finding showing no

increase in subsequent post-treatment fracture risk after

cementation [24, 25]. As opposed to the VERTOS II trial

Fig. 2 Kaplan–Meier survival

curves for time to first new

fracture in both the cement and

sham groups*. Patients lost to

follow-up before having new

fractures were excluded.

* Difference between curves of

cement and sham groups is not

statistically significant

according to the log-rank test

(v2(1) = 0.86, p = 0.353)

Table 3 Height loss of the treated OVCF between baseline and last follow-up

Further height loss of treated

vertebraea
PV 115 treated

vertebrae

Sham 109 treated

vertebrae

Test for differenceb Odds ratio (95%

CI)

None (0–3 mm) 106 (92%) 65 (60%) v2(1) = 32.81,

p\ 0.001

7.97 (3.65–17.40)

Moderate (4–7 mm) 9 (8%) 34 (31%) v2(1) = 19.70,

p\ 0.001

0.18 (0.08–0.41)

Severe (C 8 mm) 0 (0%) 10 (9%) v2(1) = 11.00,

p\ 0.001

0.04 (0.003–0.77)

aFurther height loss during follow-up of treated baseline OVCFs with bone oedema was defined as height loss of 4 mm and more and categorised

as moderate (4–7 mm) and severe ([ 8 mm)
bChi-square test for crosstabs
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we did not find any risk factors for new adjacent or distant

vertebral fractures. In VERTOS II, the only risk factor for

the occurrence of new fractures was the number of OVCFs

at baseline [12, 26]. We believe that the emergence of new

OVCFs is caused by the ongoing osteoporosis disease only,

and not due to the increased stiffness of the cemented

vertebral body.

Cement leakage outside the vertebral body was seen in

nearly all patients (92%) not causing symptoms as stated

by previous research [27]. Higher volume of injected

cement was not related to a higher incidence of leakage

outside the vertebral body, nor is leakage linked to the

occurrence of new fractures, contradictory to previous

studies [28, 29]. Therefore, we believe a standard post-

procedural CT seems no longer needed in routine daily

practice, except in selected symptomatic cases related to

the procedure [30].

The strength of these study results is thanks to the data

derived from the VERTOS IV sham RCT with well-con-

trolled homogeneous study groups comparing PV (with

cementation) versus a sham intervention (no cementation)

[31]. As opposed to many small non-randomised studies

mostly lacking a control arm, these VERTOS IV-derived

results provide more robust data with useful information

regarding the chance of the occurrence and incidence of

further height loss and secondary adjacent or distant

fractures.

Limitations of this study include the fact that not all

imaginable risk factors for fracture in patients with osteo-

porosis were investigated (e.g. body mass index, smoking,

and collagen disease). All participants underwent the

classic PV procedure in the cementation group. As such,

the study has limited generalisability to other forms of

augmentation and therefore cannot be extrapolated to bal-

loon kyphoplasty, radiofrequency kyphoplasty, instru-

mented vertebroplasty or kyphoplasty, and non-balloon

cavity creation kyphoplasty. In addition, the VERTOS IV

results only apply to acute OVCFs (\ 6 weeks) and may

for that reason not be used for older, chronic vertebral

fractures or in case of any underlying malignancy. 156

patients declined participation, but 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.

Like VERTOS IV, most previous RCTs comparing PV

with sham intervention used pain relief as the primary

objective [22, 26, 31–33]. This topic remains of paramount

importance. But, despite the abundant literature addressing

this topic of pain, conflicting results have not contributed to

the reduction of worldwide discussions and differences of

opinion. We believe it is time to change course and also

pay attention to other aspects related to OVCFs and PV.

Our study concluded that no cementation leads to signifi-

cant vertebral height loss with progressive kyphosis and

change of posture. Based on these study results with the

protective effect of PV on vertebral height, we consider

posture in relation to morbidity and mortality a relevant

item. This assumption is supported by previous publica-

tions on the relationship between posture and morbidity

and mortality [20, 21] and demands more attention and

Fig. 3 Kaplan–Meier survival

curves for time to first

occurrence of height loss in both

the cement and sham groups*.

Patients lost to follow-up before

having vertebral height loss

were excluded. * Difference

between curves of cement and

sham groups is statistically

significant according to the log-

rank test (v2(1) = 27.93,

p\ 0.001)
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warrants further research. Moreover, analyses of insurance

claims data revealed lower mortality and morbidity rates

for patients who underwent cementation versus conserva-

tive therapy [34].

Conclusion

The risk of further vertebral height loss is significantly

lower after PV compared to a sham intervention, i.e. PV

protects against progressive vertebral height loss. In addi-

tion, PV does not increase the risk of new adjacent and

distant OVCFs.

Authors Contribution CEF and PNML had full access to all the data

in the study, take responsibility for the integrity of the data and the

accuracy of the data analysis, and act as guarantors. PNML, CAHK,

JdV, MCS, AJS, JRJ, ED, OEHE, and FHJ designed the study. IVDH,

MB, and KS gathered the data. PNML, MCS, AJS, CAHK, OEHE,

and FHJ performed the procedures. PL and JdV analysed the data.

CEF and AV undertook morphometric measurements. CEF, PNML,

AV, JdV, and PL wrote the first draft, and all the contributors made

the decision to submit the manuscript for publication.

Funding This study was supported by Stryker (Grant No. S-I-013).

The sponsor had no role in the design of the study and collection,

analysis, and interpretation of data and in writing the manuscript.

Availability of Data and Materials The datasets used and/or anal-

ysed during the current study are available from the corresponding

author on reasonable request.

Compliance with Ethical Standards

Conflict of interests The authors declare that they have no com-

peting interest.

Ethics Approval and Consent to Participate The procedures were

in accordance with the ethical standards of the institutional research

committee and with the 1964 Declaration of Helsinki and its later

amendments or comparable ethical standards. This trial was an

institutional review board-approved sham-controlled, double-blind,

multicentre, randomised trial performed at four community hospitals

in the Netherlands (MN-11-004, approval protocol 1055).

References

1. Johnell O, Kanis JA. An estimate of the worldwide prevalence

and disability associated with osteoporotic fractures. Osteoporos

Int. 2006;17:1726–33.

2. Hasserius R, Karlsson MK, Jonsson B, et al. Long-term morbidity

and mortality after a clinically diagnosed vertebral fracture in the

elderly: a 12- and 22-year follow-up of 257 patients. Calcif

Tissue Int. 2005;76:235–42.

3. Klazen CA, Verhaar HJ, Lohle PN, et al. Clinical course of pain

in acute, osteoporotic vertebral compression fractures. JVIR.

2010;21:1405–9.

4. Uppin AA, Hirsch JA, Centenera LV, et al. Occurrence of new

vertebral body fracture after percutaneous vertebroplasty in

patients with osteoporosis. Radiology. 2003;226(1):119–24.

5. Lin EP, Ekholm S, Hiwatashi A, Westesson PL. Vertebroplasty:

cement leakage into the disc increases the risk of new fracture of

adjacent vertebral body. AJNR Am J Neuroradiol.

2004;25:175–80.

6. Grados F, Depriester C, Cayrolle G, Hardy N, Deramond H,

Fardellone P. Long-term observations of vertebral osteoporotic

fractures treated by percutaneous vertebroplasty. Rheumatol

(Oxf). 2000;39:1410–4.

7. Baroud G, Heini P, Nemes J, Bohner M, Ferguson S, Steffen T.

Biomechanical explanation of adjacent fractures following ver-

tebroplasty. Radiology. 2003;229:606–7.

8. Mudano AS, Bian J, Cope JU, et al. Vertebroplasty and kypho-

plasty are associated with an increased risk of secondary vertebral

compression fractures: a population-based cohort study. Osteo-

poros Int. 2009;20:819–26.

9. Al-Ali F, Barrow T, Luke K. Vertebroplasty: what is important

and what is not. AJNR Am J Neuroradiol. 2009;30:1835–9.

10. Hierholzer J, Fuchs H, Westphalen K, Baumann C, Slotosch C,

Schulz R. Incidence of symptomatic vertebral fractures in

patients after percutaneous vertebroplasty. Cardiovasc Interv

Radiol. 2008;31:1178–83.

11. Diamond TH, Bryant C, Browne L, Clark WA. Clinical outcomes

after acute osteoporotic vertebral fractures: a 2-year non-ran-

domised trial comparing percutaneous vertebroplasty with con-

servative therapy. Med J Aust. 2006;184:113–7.

12. Klazen CA, Venmans A, de Vries J, et al. Percutaneous verte-

broplasty is not a risk factor for new osteoporotic compression

fractures: results from VERTOS II. Am J Neuroradiol.

2010;31(8):1447–50.

13. Lindsay R, Silverman SL, Cooper C, Hanley DA, Barton I, Broy

SB, et al. Risk of new vertebral fracture in the year following a

fracture. JAMA. 2001;285:320–3.

14. Firanescu C, Lohle PN, de Vries J, et al. VERTOS IV study

group. A randomised sham controlled trial of vertebroplasty for

painful acute osteoporotic vertebral fractures (VERTOS IV).

Trials. 2011;12:93.

15. Genant HK, Wu CY, van Kuijk C, Nevitt MC. Vertebral fracture

assessment using a semiquantitative technique. J Bone Miner

Res. 1993;8:1137–48.

16. Eastell R, Cedel SL, Wahner HW, Riggs BL, Melton LJ III.

Classification of vertebral fractures. J Bone Miner Res.

1991;6:207–15.

17. Yu CW, Hsu CY, Shih TT, et al. Vertebral osteonecrosis: MR

imaging findings and related changes on adjacent levels. AJNR

Am J Neuroradiol. 2007;28(1):42–7.

18. Black DM, Cummings SR, Karpf DB, et al. Randomised trial of

effect of alendronate on risk of fracture in women with existing

vertebral fractures. Fracture intervention trial research group.

Lancet. 1996;348:1535–41.

19. Pitton MB, Herber S, Bletz C, et al. CT-guided vertebroplasty in

osteoprotic vertebral fractures: incidence of secondary fractures

and impact of intradiscal cement leakages during follow-up. Eur

Radiol. 2008;18:43–50.

20. Edidin AA, Ong KL, Lau E, et al. Morbidity and mortality after

vertebral fractures: comparison of vertebral augmentation and

nonoperative management in the medicare population. Spine.

2015;40:1228–41.

21. Ong KL, Beall DP, Frohbergh M, et al. Were VCF patients at

higher risk of mortality following the 2009 publication of ver-

tebroplasty ‘‘sham’’ trials? Osteoporos Int. 2018;29:375–83.

22. Clark W, Bird P, Gonski P, Diamond TH, et al. Safety and

efficacy of vertebroplasty for acute painful osteoporotic fractures

C. E. Firanescu et al.: Percutaneous Vertebroplasty is no Risk Factor for New Vertebral Fractures and… 999

123



(VAPOUR): a multicentre, randomised, double-blind, placebo-

controlled trial. Lancet. 2016;388:1408–16.

23. Trout AT, Kallmes DF, Kaufmann TJ. New fractures after ver-

tebroplasty: adjacent fractures occur significantly sooner. Am J

Neuroradiol. 2006;27:217–23.

24. Marcia S, Muto M, Hirsch JA, et al. What is the role of vertebral

augmentation for osteoporotic fractures? A review of the recent

literature. Neuroradiology. 2018;60(8):777–83.

25. Zhang H, Xu C, Zhang T, et al. Does percutaneous vertebroplasty

or balloon kyphoplasty for osteoporotic vertebral compression

fractures increase the incidence of new vertebral fractures?A

meta-analysis. Pain Phys. 2017;20(1):E13–28.

26. Klazen CA, Lohle PN, de Vries J, et al. Vertebroplasty versus

conservative treatment in acute osteoporotic vertebral compres-

sion fractures (Vertos II): an open-label randomised trial. Lancet.

2010;376(9746):1085–92.

27. Venmans A, Klazen CA, van Rooij WJ, et al. Postprocedural CT

for perivertebral cement leakage in percutaneous vertebroplasty

is not necessary: results from VERTOS II. Neuroradiology.

2011;53(1):19–22.

28. Lin EP, Ekholm S, Hiwatashi A, et al. Vertebroplasty: cement

leakage into the disc increases the risk of new fracture of adjacent

vertebral body. Am J Neuroradiol. 2004;25(2):175–80.

29. Bae JS, Park JH, Kim KJ, et al. Analysis of risk factors

for secondary new vertebral compression fracture following

percutaneous vertebroplasty in patients with osteoporosis. World

Neurosurg. 2017;99:387–94.

30. Venmans A, Klazen CA, Lohle PN, et al. Percutaneous verte-

broplasty and pulmonary cement embolism: results from VER-

TOS II. Am J Neuroradiol. 2010;31(8):1451–3.

31. Firanescu CE, de Vries J, Lodder P, et al. Vertebroplasty versus

sham procedure for painful acute osteoporotic vertebral com-

pression fractures (VERTOS IV): randomised sham controlled

clinical trial. BMJ. 2018;9:361.

32. Kallmes DF, Comstock BA, Heagerty PJ, et al. A randomized

trial of vertebroplasty for osteoporotic spinal fractures. N Engl J

Med. 2009;361(6):569–79.

33. Buchbinder R, Osborne RH, Ebeling PR, et al. A randomized trial

of vertebroplasty for painful osteoporotic vertebral fractures.

N Engl J Med. 2009;361(6):557–68.

34. Lange A, Kasperk C, Alvares L, et al. Survival and cost com-

parison of kyphoplasty and percutaneous vertebroplasty using

German claims data. Spine (Phila Pa 1976). 2014;39(4):318–26.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

1000 C. E. Firanescu et al.: Percutaneous Vertebroplasty is no Risk Factor for New Vertebral Fractures and…

123


	Percutaneous Vertebroplasty is no Risk Factor for New Vertebral Fractures and Protects Against Further Height Loss (VERTOS IV)
	Abstract
	Background
	Methods
	Results
	Conclusions
	Level of Evidence

	Introduction
	Methods
	Study Design and Patients
	Procedures
	Imaging Measurements
	Statistical Analysis

	Results
	New OVCFs During Follow-up
	Occurrence of Height Loss in Treated Vertebra
	Adverse Events

	Discussion
	Conclusion
	Authors Contribution
	Availability of Data and Materials
	References




