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Analysis of adjacent fracture after percutaneous
vertebroplasty: does intradiscal cement leakage really
increase the risk of adjacent vertebral fracture?
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Abstract
Objective The purpose of this study was to evaluate the
incidence and risk factors associated with adjacent vertebral
fracture after percutaneous vertebroplasty (PVP) to treat
osteoporotic vertebral compression fractures. We also
investigated the effect of intradiscal cement leakage on
adjacent vertebral fracture formation after PVP.
Materials and methods From January 2003 to March 2009,
188 patients (163 women, 25 men; mean age, 70.9 years;
range, 42–92 years) who underwent 214 PVP sessions at 351
levels for osteoporotic vertebral compression fractures were
retrospectively enrolled in this study. The effect of intradiscal
cement leakage on new adjacent vertebral fracture formation
after PVP was evaluated. Possible other risk factors were also
analyzed using univariate and multivariate methods. The risk
factors included age, gender, mean bone mineral density
(BMD), the vertebral level treated, presence of an intra-
vertebral cleft or cyst before treatment, kyphosis angle, wedge
angle, and the injected cement volumes.

Results During the follow-up periods, new adjacent verte-
bral fractures developed in 36 (10.3%) of 351 treated levels.
For 91 (25.9%) levels, intradiscal cement leakage was
detected on procedural fluoroscopic radiographs. There was
no statistically significant association between intradiscal
cement leakage and new adjacent vertebral compression
fracture (p = 0.789). Among the other risk factors, only the
vertebral levels treated, especially the thoracolumbar
junction, showed a significant relationship to new adjacent
vertebral fractures (univariate analysis, p = 0.037; multi-
variate analysis, p = 0.043).
Conclusions Intradiscal cement leakage does not seem to be
related to subsequent adjacent vertebral compression fracture
in patients who underwent PVP for treatment of an osteopo-
rotic compression fracture. The thoracolumbar location of the
initial compression fracture is the only factor correlated with
an adjacent vertebral fracture after PVP.

Keywords Vertebroplasty . Osteoporotic vertebral
compression fracture . Cement leakage

Introduction

Percutaneous vertebroplasty (PVP) is an efficient procedure
to treat pain due to osteoporotic vertebral compression
fractures. Previous reports have shown that 8–52% of
patients treated with vertebroplasty return with pain due to
a new compression fracture. The new fractures often occur
in adjacent vertebral bodies [1–9]. Possible explanations for
these new fractures are preexistent bone fragility in
osteoporotic patients, immediate increases in stiffness and
strength of the treated vertebral body, and improved
mobility that causes a new load on vertebral bodies [1–5,
7, 8, 10–12].
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Cement leakage outside the treated vertebral body is
relatively common but is generally of no clinical signifi-
cance. Some previous studies have shown that cement
leakage into an adjacent disc space is a risk factor for new
vertebral fracture after PVP [6, 9, 11, 13, 14]. In our clinical
work, we have often observed multiple incidents of cement
leakage into the disc space during initial PVP. However,
many of these patients have not returned with new adjacent
vertebral fracture. Based on this observation, we postulated
that intradiscal cement leakage does not increase the risk of
a new adjacent vertebral fracture.

The purpose of this study was to evaluate the incidence
and the risk factors of adjacent fracture after PVP in
osteoporotic vertebral compression fractures. The causal
relationship of intradiscal cement leakage to adjacent
vertebral fracture formation after PVP was also studied.

Materials and methods

Patient population

Our institutional review board approved this retrospective
study and waived the requirement of informed consent. From
January 2003 to March 2009, 188 patients (163 women, 25
men; mean age, 70.9 years; range, 42–92 years) who
underwent 214 PVP sessions at 351 levels for osteoporotic
vertebral compression fractures (OCF) at our institution were
retrospectively enrolled in this study. The mean follow-up
duration was 38.5 months (range 1–74 months).

All patients underwent preoperative spinal magnetic
resonance (MR) imaging less than 1 month before the
PVP. The following MR imaging features indicative of
acute fracture activity were part of the inclusion criteria: (1)
acute vertebral marrow edema with low signal intensity on
T1-weighted MR images, and high signal intensity on T2-
weighted images with or without fracture lines or (2)
intravertebral cleft or cyst with air and/or fluid collection in
the vertebral body. MR imaging was also used to rule out
other spinal diseases including infection or malignancy.

Of the 188 patients, 106 underwent a single PVP session
for their single level of osteoporotic compression fracture.
There were 82 patients with multiple OCFs that were
treated during the single or multiple PVR sessions as they
developed: two levels in 43 patients, three levels in 20
patients, four levels in 11 patients, and five or more levels
in 8 patients.

Follow-up with conventional radiographs or MR was
conducted in the patients who experienced continued or new
back pain (n = 120). New vertebral compression fractures
were diagnosed when plain radiography showed a definite
decrease in the height of the vertebral body or when MRI
showed low signal intensity of bone marrow within the

vertebral body on T1-weighted images in a matched site of
pain and tenderness. The time from the date of the initial
intervention with PVP to the diagnosis of subsequent
fractures was calculated (fracture-free interval). Patients
who did not complain of back pain during the follow-up
period did not require further imaging and were satisfied
with the procedure (n = 68). Follow-up phone calls were
made for the 68 patients who did not revisit the hospital after
the PVP procedure. All of these patients were asymptomatic
and did not require an additional imaging study.

PVP technique

All of the PVPs were performed by three musculoskeletal
radiologists in our institute using an established technique.
Under single or biplane angiography units, bipedicular or
unipedicular approaches were adopted by using an 11- or
13-gauge single beveled needle (“J” type bone marrow
needle, Manan; MDTech, Wheeling, IL, USA). The mixed
polymethyl methacrylate (PMMA) bone cement (Exolent
Spine; Elmdown, London, England) was injected into the
vertebral body under direct fluoroscopic control. The
procedure was immediately terminated if the cement
reached the posterior fourth of the vertebral body or if the
cement leakage occurred outside of the vertebral body.
After the procedure, plain radiographs of each treated
vertebral level were assessed to characterize the deposition
of cement.

Comparison parameters

The following parameters were evaluated for possible
relationships with the occurrence of adjacent new vertebral
fracture after PVP. First, the presence or absence of
intradiscal cement leakage was analyzed. Any cement
leakage beyond the endplate and into the disc was checked
on the procedural or immediate postoperative lateral radio-
graphs. The injected cement volume per each treated
vertebral body was also analyzed. Parameters related to
the vertebral body treatment were considered, including the
vertebral levels treated, the presence of intravertebral cleft/
cyst before treatment, the kyphosis angle (Cobb’s angle),
and the wedge angle. The treated vertebral levels were
categorized as T3 through T9 (n = 74), T10 through L2 (n =
210), and L3 through L5 (n = 67) (Fig. 1). The presence of
an intraosseous cleft or cyst containing gas and/or fluid in
the compressed vertebrae was recorded in the preoperative
plain radiographs or MRI. On the preoperative radiographs,
the kyphosis angle and the wedge angle were calculated.
The kyphosis angle was determined using the Cobb method
on a lateral view of the spine. The wedge angle was defined
as the angle between the superior endplate line and the
inferior endplate line of the fractured vertebral body [12].
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All images were reviewed by consensus of a musculoskeletal
radiologist and a resident. Patient demographics, including
age, gender, and BMD at the time of intervention, were also
analyzed.

Statistical analysis

All statistical analysis was performed using SPSS 16.0
software (SPSS, Chicago, IL, USA). Data were presented
as the mean ± SD. Univariate and multivariate binary

logistic regression analyses were used to determine if the
individual factors were independently associated with a
subsequent adjacent vertebral fracture. A p value of less
than 0.05 was considered statistically significant, and the
corresponding 95% confidence limits were calculated.

Results

We identified new adjacent fractures in 36 (10.3%) of the 351
treated vertebral levels during the follow-up period. The mean
time between vertebroplasty and a new adjacent vertebral
fracture was 6.8 months (range 1–47 months). Intradiscal
cement leakage was detected in 91 (25.9%) of the 351 treated
vertebral levels. Adjacent new compression fractures occurred
in 10 of 91 (11%) levels with intradiscal cement leakage
(Fig. 2) and in 26 of 260 (10%) levels without intradiscal
cement leakage. For 81 of 91 levels with intradiscal cement
leakage, a new adjacent vertebral fracture did not develop
during the follow-up period (Fig. 3). Table 1 shows the
correlation between incidence of new adjacent fracture and
intradiscal cement leakage; no statistically significant asso-
ciation was observed (p = 0.789).

The characteristics of patients with new adjacent fracture
versus those without new adjacent fracture are summarized
in Table 2. Among the patients with adjacent fracture, 3
were men, and 25 were women; among those without
adjacent fracture, 22 were men, and 138 were women. The
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Fig. 1 Number of treatments per vertebral level

Fig. 2 A 74-year-old man with
a new adjacent vertebral com-
pression fracture with intradiscal
cement leakage after vertebro-
plasty. Preoperative T1-
weighted (a), T2-weighted (b),
and fat-suppressed T1-weighted
enhanced (c) magnetic reso-
nance images show a fracture
line with adjacent marrow ede-
ma in the T12 body, suggesting
acute osteoporotic compression
fracture of T12 (white solid
arrows). d Lateral radiograph
during vertebroplasty shows
intradiscal cement leakage
(arrow). Frontal (e) and lateral
(f) radiographs 2 months after
surgery show a new compres-
sion fracture at the T11 vertebral
body (dotted arrows)
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patients with a new adjacent fracture and without an
adjacent fracture had mean ages of 71.1 ± 7.2 and 70.9 ±
9.2 years and mean bone mineral densities (BMD; T-score)
of −3.1 ± 1.5 and −2.7 ± 1.5, respectively. The percentage
of new adjacent vertebral fractures during follow-up
periods was 4.1% (3 of 74) for treated vertebrae located
in T3 through T9, while the thoracolumbar junction (T10
through L2) had 13.8% (29 of 210), and L3 through L5
showed had a fracture rate of 6.0% (4 of 67). Among the 80
of 351 vertebrae with an intraosseous cleft/cyst before the
procedure, 8 levels showed a new adjacent fracture and 72
levels showed no adjacent fracture after PVP. The mean
injected cement volumes in the groups with and without

new adjacent fractures were 2.8 ± 1.4 and 2.6 ± 1.2 cc, the
mean kyphosis angles were 35.1 ± 1.6 and 32.1 ± 0.5, and
the mean wedge angles were 11.6 ± 5.2 and 11.9 ± 6.5,
respectively. According to the univariate and multivariate
analyses, only the treated vertebral levels at the thoraco-
lumbar junction showed a statistically significant relation-
ship to new adjacent fractures (univariate analysis, p =
0.037; multivariate analysis, p = 0.043). None of the
following covariates showed an associated risk of new
adjacent fracture: age, gender, BMD, presence of intra-
osseous cleft/cyst before treatment, kyphosis angle, wedge
angle, injected cement volume per each vertebra, or
intradiscal cement leakage (p > 0.05).

Discussion

Reported rates of cement leaks after PVP are between 11
and 73% [15–17], but these leaks show no clinical
significance. Over the past few years, many convincing
studies have been undertaken on the subject of cement
leakage and cement volume. Lin et al. [11] found that
cement leakage into the disc increases the risk of fractures
of the adjacent vertebral bodies. This observation was

Fig. 3 A 70-year-old woman
without adjacent compression
fractures after vertebroplasty
with intradiscal cement leakage.
Preoperative lateral radiograph
(a), T1-weighted (b), and T2-
weighted (c) sagittal magnetic
resonance images show an acute
compression fracture in the L1
body (arrows). Frontal (d) and
lateral (e) radiographs acquired
during percutaneous vertebro-
plasty show intradiscal cement
leakage (arrows). f During 25
months of follow-up, no new
adjacent compression fracture
developed

Table 1 Correlation between incidence of new adjacent fractures and
cement leakage into the disc space (n = 351 levels)

New adjacent fracture Cement leakage into disc space

Present Absent Total

Present 10 (11%) 26 (10%) 36

Absent 81 234 315

Total (p = 0.789) 91 260 351
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contradicted by several reports that intradiscal leakage does
not have a specific impact on the occurrence of adjacent
fractures [18, 19].

In our study, we found an intradiscal cement leakage rate
of 25.9% during the initial PVP. In contrast to prior results
[6, 9, 11, 13, 14], there was no statistically significant
increase in the risk of new fractures in the adjacent
vertebral body with cement leakage into the disc space.
Nor could we identify a statistically significant relationship
between injected cement volume and the incidence of new
adjacent vertebral fractures. Therefore, most of the new
vertebral fractures that were found next to the intradiscal
cement leakage might be primarily due to the natural
progression of osteoporosis. The difference between the
high rate of adjacent fracture formation associated with
intradiscal cement leakage in the study by Lin et al. [11]
and our analysis is probably related to the difference in the
sample sizes and the rates of intradiscal cement leakage.
The sample size was smaller (n = 38 patients) and the rate
of intradiscal cement leakage was higher (18/38 patients,
47.4%) in the study by Lin et al. than our study (n = 188
patients; rate of intradiscal cement leakage, 91/351 levels,
25.9%). The efforts to reduce the rate of intradiscal cement
leakage should be made during vertebroplasty. One of the
previously suggested ways is to use a smaller volume of
injected cement, which may decrease the risk of leakage
[18, 20]. In our study, the mean cement volume per each
vertebra was 2.8 ± 1.4 cc in patients with new adjacent
vertebral fractures and 2.6 ± 1.2 cc in patients without new
adjacent fracture. With low-volume filling, less intradiscal
leakage was likely to occur [18]. In cases of severe central
compression, the needle tip should be placed more laterally
to decrease the frequency of intradiscal cement leakage by

keeping the needle tip farther away from the central
endplate fracture site [20].

The degree of osteoporosis may be a potential predictor
for subsequent fractures [18, 21], but there was no
intergroup difference in the BMD in our study population.
The BMD may be affected by degenerative changes or
osteoarthropathy. Thus, when a weak vertebra is associated
with spinal degenerative osteoarthropathy, a high BMD
does not necessarily indicate stronger bones, and the risk of
vertebral fracture is not diminished [6, 22].

The degree of kyphosis could be one of the possible
geometrical factors for new adjacent vertebral fracture after
PVP. Theoretically, the kyphotic alignment may exaggerate
the hammer effect, causing a subsequent fracture; however,
in our study the degree of kyphosis was not significantly
related to a new adjacent fracture.

In the present study, the thoracolumbar location of the
initial compression fracture is the only correlating factor for
a new adjacent vertebral fracture after vertebroplasty. This
finding could have been due to the fact that flexion and
extension of the spine are at the maximum at the
thoracolumbar junction compared to those at other levels,
which are relatively immobile [1].

A limitation to our study is that the volume or shape of
intradiscal cement leakage was not analyzed. We analyzed
only the total amount of injected cement during vertebro-
plasty but could not calculate the exact volume of intra-
discal cement leakage because we did not check post-
operative volumetric CT scan routinely. Also, most patients
of our study had disc space with moderate to severe
degeneration so there was a difficulty in sub-grouping the
shape and distribution of the cement leakage. The shape of
the cement leakage was flat or vertical in some cases, but

Risk factor New adjacent fracture p value

Present Absent Univariate Multivariate

No. of patients (n = 188) 28 160

Age (years) 71.1 ± 7.2 70.9 ± 9.2 0.933 0.450

Gender (male:female) 3:25 22:138 0.336 0.606

BMD (T-score) −3.1 ± 1.5 −2.7 ± 1.5 0.284 0.291

No. of vertebrae (n = 351) 36 315

Treated vertebral level 0.037 0.043

T3 through T9 3 (4.1%) 71 (95.9%)

T10 through L2 29 (13.8%) 181 (86.2%)

L3 through L5 4 (6.0%) 63 (94.0%)

Injected cement volume (cc) 2.8 ± 1.4 2.6 ± 1.2 0.333 0.387

Cement leakage into disc space 10 (27.8%) 81 (25.7%) 0.789 0.751

Gas-containing vertebra before treatment 8 (22.2%) 72 (22.9%) 0.939 0.549

Kyphosis angle before treatment 35.1 ± 1.6 32.1 ± 0.5 0.355 0.166

Wedge angle before treatment 11.6 ± 5.2 11.9 ± 6.5 0.796 0.256

Table 2 Correlations between
the risk factors and the inciden-
ces of new adjacent fracture
(p < 0.05)

BMD Bone mineral density
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most cases had complex shapes. Second, our study did not
consider postoperative factors such as the type of medical
treatment or the level of physical activity after the
procedure. Increased physical activity after the vertebro-
plasty may cause subsequent fractures. We mainly focused
on preoperative or procedure-related factors.

In conclusion, intradiscal cement leakage was not a risk
factor for new adjacent vertebral fracture after PVP in patients
with osteoporotic vertebral compression fracture. The only
significant factor related to a new adjacent fracture after
vertebroplasty was a treated vertebral level in the thoraco-
lumbar region. We think that the collapse of an adjacent
vertebral body reflects the natural evolution of osteoporosis in
the spine regardless of the presence of vertebroplasty.
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