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Study Design: Retrospective case-control study.
Purpose: To evaluate the primary outcomes and radiographic results of percutaneous vertebroplasty (PVP) in patients with single-
level osteoporotic vertebral fracture (OVF) with intravertebral cleft (IVC) to identify the risk factors for cement loosening after PVP.
Overview of Literature: PVP is a widely accepted method for managing painful OVF; however, cement loosening occasionally occurs 
with poor outcomes.
Methods: This retrospective study involved 195 patients treated with PVP for single-level OVF with IVC. Six months thereafter, the 
primary outcomes were evaluated using the Visual Analog Scale (VAS) for back pain and the modified Oswestry Disability Index. Com-
puted tomography was conducted to detect cement loosening. Possible risk factors, such as age, sex, wedging angle, intravertebral 
instability, Parkinson’s disease, spinous process fracture, ankylosing spinal hyperostosis, split vertebrae, and adjacent intervertebral 
vacuum, were assessed.
Results: Forty-nine patients (25%) experienced cement loosening 6 months after PVP. The mean VAS scores were significantly higher 
in patients with cement loosening than in those without (50 vs. 26 mm, respectively; p<0.01). Cement loosening was closely associ-
ated with intravertebral instability (odds ratio [OR], 1.20; 95% confidence interval [CI], 1.04–1.40; p=0.015), Parkinson’s disease (OR, 
54.31; 95% CI, 4.47–659.53; p=0.002), spinous process fracture (OR, 7.11; 95% CI, 1.65–30.60; p=0.009), and split vertebrae (OR, 
11.59; 95% CI, 1.64–82.02; p=0.014).
Conclusions: Patients with cement loosening experienced worse back pain than those without cement loosening. The important risk 
factors that influenced cement loosening after PVP were high intravertebral instability, Parkinson’s disease, spinous process fracture, 
and split vertebrae.
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Introduction

Osteoporotic vertebral fractures (OVFs) are becoming 
increasingly common in medical practice owing to the 
aging of the population. OVFs usually heal without se-
vere pain or neurologic complications. However, rigorous 
follow-up studies have shown that some OVFs can lead to 
severe deterioration in health and quality of life owing to 
persistent debilitating back pain and reduced activity [1]. 
In particular, patients with OVF with an intravertebral 
cleft (IVC) experience chronic back pain [2-4]. Intraver-
tebral instability caused by IVC is clinically significant in 
painful cases of OVF [5].

Percutaneous vertebroplasty (PVP) is a minimally inva-
sive and generally effective method of vertebral augmen-
tation for treating painful OVF with IVC [6-10]. Early 
clinical improvement has been observed following this 
procedure in more than 80% of the patients [11]. How-
ever, some patients experience cement loosening with 
recurrence of back pain after vertebral augmentation [12-
14]. An accurate understanding of the factors leading to 
cement loosening after PVP would help surgeons and 
patients make well-informed decisions about whether to 
perform the procedure and would also enable more ac-
curate predictions of outcomes. However, few studies have 
reported factors that may influence the results of PVP 
[15-17]. Here, we aimed to evaluate the primary outcomes 
and radiographic results of PVP for patients with single-
level OVF with IVC between patients with and without 
cement loosening to identify the associated risk factors.

Materials and Methods

1. Patient selection

Between 2003 and 2010, we investigated patients with 
single-level OVF with IVC detected using preoperative 
radiography, computed tomography (CT), and magnetic 
resonance imaging (MRI) at JA Hiroshima General Hos-
pital. The selection criteria for PVP were as follows: (1) 
minimum level of back pain (Visual Analog Scale [VAS]; 
range, 0–100 mm) ≥40 mm, refractory to standard medi-
cal treatment, comprising bed rest, analgesic administra-
tion, and/or external back bracing for ≥3 months and (2) 
radiographic evidence of single-level OVF with IVC con-
sistent with the spinal level of local tenderness. Patients 
with spinal cancer, active infection, and/or uncorrectable 

bleeding disorders; those who did not provide informed 
consent; and those unlikely to comply with direct follow-
up were excluded. This study was approved by the insti-
tutional review board of JA Hiroshima General Hospital 
(approval no., E-1098), and prior to study participation, 
all patients provided written informed consent to undergo 
PVP.

2. Percutaneous vertebroplasty procedure

All PVPs were performed by experienced spine surgeons 
using biplane fluoroscopic guidance under general anes-
thesia. Two 14G bone needles were inserted into the IVC 
using the bilateral transpedicular approach. Before inject-
ing bone cement, the capacity of the IVC was measured 
using contrast medium after performing a “cavitygram.” 
Residual contrast medium was washed out with normal 
saline to adequately clear the IVC. By injecting the same 
volume of polymethylmethacrylate bone cement as that 
of the IVC, the injection was safely administered using 
a one-sided needle without exerting additional pressure 
[9,10].

3. Clinical and radiological assessments

Six months after PVP, back pain and low back-specific 
physical function were assessed as per the VAS score and 
the American Academy of Orthopedic Surgeons MO-
DEMS version of the Oswestry Disability Index (ODI; 
range, 0%–100%) [18,19]. Cement loosening was identi-
fied as a low-density area between the vertebral body and 
the cement on CT at 6 months after PVP (there was no 
evidence of cement loosening immediately after PVP) (Fig. 
1A, B).

Risk factors that could possibly affect cement loosening 
were retrospectively reviewed, and were as follows: (1) 
clinical parameters: age, sex, and Parkinson’s disease and 
(2) radiological parameters: wedging angle of the frac-
tured vertebrae (measured as the angle between cephalic 
upper and lower endplates on a lateral radiogram with 
the patient in the sitting position) (Fig. 1C), intravertebral 
instability of the affected vertebra (measured as the differ-
ence between wedging angle on lateral radiograms with 
the patient in the sitting and supine positions) (Fig. 1C, 
D), spinous process fracture (Fig. 1E), ankylosing spinal 
hyperostosis, split vertebrae (Fig. 1F), and adjacent inter-
vertebral vacuum.
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The patients were followed-up directly and periodically 
after PVP. Orthopedic surgeons not involved in the treat-
ment performed the follow-up and clinical examinations 
to assess the neurologic recovery and functional status. 
The VAS and ODI questionnaires were self-administered 
to avoid interviewer bias.

4. Statistical analyses

Using the Wilcoxon signed-rank test, Mann–Whitney U-
test, and/or Bonferroni–Dunn post-hoc test, clinical and 
radiographic parameters between patients with or without 
cement loosening were compared to analyze the risk fac-
tors that cause cement loosening after PVP.

Associations between cement loosening and preopera-
tive parameters were analyzed using multivariate logistic-
regression analyses. Statistical significance was defined 

at p<0.05 for a two-sided hypothesis. Mean values are 
presented as ±standard deviation values. All data analyses 
were performed using SPSS ver. 16.0 (SPSS Inc., Chicago, 
IL, USA).

Results

1. Baseline characteristics of the patients

Total 195 patients (50 men, 145 women) with single OVF 
with IVC were enrolled. Mean age at diagnosis was 77 
years (range, 57–93 years). Mean time-period from the 
onset of acute fracture to the PVP procedure was 38 weeks 
(range, 12–144 weeks). OVF with IVC was detected from 
the T8 to L5 level and occurred at the thoracolumbar 
junction in 80% of the patients. The mean VAS and ODI 
scores were 87±14 mm and 59.1%±7.2% before PVP and 

Fig. 1. Radiological assessments. Cement loosening after vertebroplasty for osteoporotic vertebral fracture with intravertebral 
cleft. Cement loosening was defined as a low-intensity area between the vertebral body and the bone cement on CT 6 months 
after percutaneous vertebroplasty (A: sagittal, B: coronal). Wedging angle of the fractured vertebrae measured as the angle 
between cephalic upper and lower endplates on a lateral radiogram with the patient in the sitting position (C). Intravertebral in-
stability of the affected vertebra measured as the difference between the wedging angle on lateral radiograms with the patient 
in the sitting and supine positions (C, D: α-β). Spinous process fracture (E: sagittal, CT). Split vertebrae (F: sagittal, CT). CT, com-
puted tomography.

A B C
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ited cement loosening 6 months after PVP. Five patients 
underwent additional instrumented surgery because of 
pain and/or motor involvement. Six months after PVP, 
the mean VAS in the patients with and without cement 
loosening was 50±25 mm and 26±27 mm, respectively 
(Table 1). Thus, the mean VAS was significantly higher in 
the patients with cement loosening than in those without 
(p<0.01).

31±3 mm and 37.0%±5.1% at 6 months after PVP, respec-
tively (Fig. 2).

2. Assessment of preoperative parameters

Of the 195 patients with OVF, 41 (20.5%) had spinous 
process fracture, 13 (6.7%) had Parkinson’s disease, 21 
(10.8%) had a split vertebra, 18 (9.2%) had ankylosing 
spinal hyperostosis, and 29 (14.9%) had an adjacent in-
tervertebral vacuum. Forty-nine patients (25%) exhib-

Fig. 2. Changes in the VAS (A) and ODI (B) scores. Total 195 patients with single osteoporotic vertebral fracture with intravertebral cleft 
were analyzed. The mean VAS and modified ODI scores were significantly lower at 6 months after PVP than those before PVP (A: VAS, B: 
ODI). VAS, Visual Analog Scale; ODI, Oswestry Disability Index; PVP, percutaneous vertebroplasty; Preop., preoperative; Postop., postopera-
tive.

Table 1. Mean Visual Analog Scale scores in patients with and without cement loosening

Loosening (+) Loosening (-) p-value

Visual Analog Scale (mm) 50±25 26±27 <0.01

Values are presented as mean±standard deviation.

Table 2. Preoperative parameters in patients with and without cement loosening

Preoperative parameters Loosening (+) Loosening (-) p-value

Mean age (yr)  76.8   77.3 0.240

Women 39 (73.3) 107 (77.6) 0.672

Wedging angle (°)  36.3   25.9 0.980

Intravertebral instability (°)    6.6     9.8 <0.05

Parkinson’s disease   2 (1.9)  11 (28.9) <0.01

Spinous process fracture 21 (14.4)  20 (40.8) <0.01

Ankylosing spinal hyperostosis 12 (8.2)    6 (12.2) 0.337

Split vertebrae   5 (3.4)  16 (32.7) <0.01

Adjacent intervertebral vacuum 15 (10.3)  14 (28.6) <0.05

Values are presented as number (%).
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3.   Analyses of the correlation between cement loosen-
ing and preoperative parameters

Intravertebral instability was significantly higher (p<0.05) 
in patients with cement loosening, whereas Parkinson’s 
disease (p<0.01), spinous process fracture (p<0.01), split 
vertebrae (p<0.01), and adjacent intervertebral vacuum 
(p<0.05) were significantly more common in the non-
loosening group (Table 2). Multivariate logistic-regression 
analyses revealed significant association between cement 
loosening and Parkinson’s disease (odds ratio [OR], 54.31; 
95% confidence interval [CI], 4.47–659.53; p<0.01), split 
vertebrae (OR, 11.59; 95% CI, 1.64–82.02; p<0.05), spi-
nous process fracture (OR, 7.11; 95% CI, 1.65–30.60; 
p<0.01), and intravertebral instability (OR, 1.20; 95% CI, 
1.04–1.40; p<0.05) (Table 3).

Discussion

We investigated the clinical and radiographic outcomes of 
PVP for single-level OVF with IVC. Patients with cement 
loosening after PVP experienced worse back pain than 
those without cement loosening did. Our results indicated 
that cement loosening was associated with preoperative 
intravertebral instability, Parkinson’s disease, spinous pro-
cess fracture, and split vertebrae.

OVF is becoming an increasingly significant global 
socio-economic problem owing to the rapid growth of 
population. The presence of IVC reportedly leads to pro-
longed back pain [2-4]. PVP is reportedly useful for pain 
relief in the treatment of OVF with IVC [6-10]. However, 
few studies have assessed the factors that may influence 
the outcomes of PVP [15-17,20,21]. Extensive anterior 
vertebral height restoration, solid lump filling cement, 

multiple symptomatic vertebrae, American Society of 
Anesthesiologists status 1, presence of signal changes on 
MRI, vertebral body collapse to <70%, and small IVC have 
been suggested as factors that may lead to poor outcomes 
[13,15,20,21]. However, the precise factors that influence 
the outcomes after vertebroplasty for OVF remain con-
troversial. Our results indicated that high intravertebral 
instability, Parkinson’s disease, spinous process fracture, 
and split vertebrae are the risk factors for predicting intra-
vertebral cement loosening after PVP for OVF with IVC.

Some previous studies have reported that greater height 
restoration is a risk factor for re-fracture of the cemented 
vertebrae [20,21]. Lin et al. [21] reported that re-fracture 
of the cemented vertebrae after vertebroplasty occurred 
in 63% of all osteoporotic patients and that significant 
anterior vertebral height restoration increased the risk 
of subsequent fractures in the cemented vertebrae. Ver-
tebroplasty may lead to load shift to the anterior, thus 
causing re-fracture of the cemented vertebrae. In the PVP 
procedure, the decision regarding the restoration of the 
affected vertebrae is made when the patient is in the prone 
position during surgery. Consequently, vertebral height 
restoration is strongly correlated with preoperative intra-
vertebral instability of the fractured vertebrae. Intraverte-
bral instability reportedly reflects clinical symptoms [3,4]. 
In our study, large intravertebral instability was one of the 
risk factors for intravertebral cement loosening after PVP. 
Therefore, it is important to precisely evaluate preopera-
tive intravertebral instability before PVP.

Genever et al. [22] reported that the risk of bone frac-
ture was considerably high in patients with Parkinson’s 
disease than in those with other medical conditions. 
When a spinal fracture occurs in patients with Parkinson’s 
disease, surgical treatment is challenging because such pa-

Table 3. Factors related to cement loosening

Independent variable Odds ratio (95% confidence interval) p-value

Intravertebral instability 1.20 (1.04–1.40) <0.05

Parkinson’s disease   54.31 (4.47–659.53) <0.01

Spinous process fracture   7.11 (1.65–30.60) <0.01

Ankylosing spinal hyperostosis   3.84 (0.48–30.76)   0.205

Split vertebrae 11.59 (1.64–82.02) <0.05

Adjacent intervertebral vacuum 1.54 (0.30–7.96)   0.606

Dependent variable: cement loosening; independent variables: intravertebral instability Parkinson’s disease, spinous process fracture, ankylosing 
spinal hyperostosis, split vertebrae, and adjacent intervertebral vacuum.
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tients have poor bone quality and several comorbidities, 
which lead to a high complication rate [23-25]. The surgi-
cal procedure for OVF in patients with Parkinson’s disease 
needs rigid long fusion with instrumentation [26-28]. Ba-
bat et al. [23] reported the requirement of revision surgery 
in 12 of the 14 patients with spinal surgery complicated 
by Parkinson’s disease and concluded that the increased 
risk is attributable to persistent kyphosis or instability at 
the operated or adjacent vertebral levels. Few studies have 
examined PVP for treating vertebral fractures associated 
with Parkinson’s disease. Our data indicated that patients 
with OVF and Parkinson’s disease tend to experience in-
travertebral cement loosening after PVP, thereby warrant-
ing careful postoperative management.

Generally, vertebral fractures associated with the in-
volvement of posterior elements, such as a spinous process 
fracture, are more unstable, and may also require surgical 
instrumentation [29]. To our knowledge, to date, only one 
study has assessed the presence of spinous process frac-
tures in elderly patients with osteoporotic vertebral body 
fractures using MRI or CT and reported a prevalence of 
3.5% in these patients [30]. In the current study, 20.5% 
of the patients had spinous process fractures. This differ-
ence in prevalence may be attributable to the fact that the 
former study included patients with acute vertebral frac-
tures, and majority of these patients heal without ongoing 
symptoms. Contrarily, our study included patients with 
painful chronic vertebral pseudoarthrosis. It is possible 
that the nonunion of the vertebral body fracture may lead 
to an insufficiency-type fracture of the spinous process. 
Another possibility is that OVF with spinous process frac-
tures may lead to pseudoarthrosis. Here, spinous process 
fracture was one of the main risk factors for cement loos-
ening after PVP. OVF patients with spinous process frac-
tures may show greater instability, and PVP alone could 
not maintain the posterior column stability. Therefore, al-
though the presence of spinous process fractures in OVF 
has not received much attention thus far, our findings 
indicate that it may represent a prognostically important 
factor that should be considered during treatment plan-
ning.

There are certain limitations to the present study. First, 
not all patients with cement loosening may experience 
pain and dysfunction; in fact, some patients exhibited ce-
ment loosening without any pain. Second, there is a lack 
of evidence-based longitudinal studies and long-term 
follow-up data. Third, we did not evaluate factors other 

than age, sex, wedging angle, intravertebral instability, 
Parkinson’s disease, spinous process fracture, ankylosing 
spinal hyperostosis, split vertebrae, and adjacent interver-
tebral vacuum.

Conclusions

The findings of this study indicate that high preoperative 
intravertebral instability, Parkinson’s disease, spinous pro-
cess fracture, and split vertebrae are associated with intra-
vertebral cement loosening after PVP for OVF with IVC. 
Moreover, patients with cement loosening had worse back 
pain than those without cement loosening did.
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