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New Fractures after Vertebroplasty: Adjacent
Fractures Occur Significantly Sooner

A.T. Trout
D.F. Kallmes

T.J. Kaufmann

BACKGROUND AND PURPOSE: Whether vertebroplasty increases the risk of adjacent-level vertebral
fractures remains uncertain. Biomechanical and clinical studies suggest an increased risk, but com-
pelling data have not yet been put forth to settle this difficult issue. We believe that an analysis of the
time interval between vertebroplasty and subsequent fractures may shed additional light on this
debate. We specifically hypothesized that subsequent fractures would occur sooner and more fre-
quently in the vertebrae adjacent to the treated level.

METHODS: We performed a retrospective analysis of the risk and timing of subsequent fractures in
patients previously treated with vertebroplasty. Multiple linear regression was used to explore factors
that influence the time to new fracture following vertebroplasty. Fractures were then divided on the
basis of whether they occurred adjacent or nonadjacent to the treated level. Survival analysis was used
to compare time to new fracture among the 2 groups, and the relative risk of both types of fracture was
calculated.

RESULTS: In this study, 186 new vertebral fractures occurred in 86 (19.9%) of 432 patients. Seventy-
seven (41.4%) fractures were of vertebrae adjacent to the level treated with vertebroplasty. Median
times until diagnosis of new adjacent and nonadjacent level fractures were 55 days and 127 days,
respectively. Time to fracture was significantly different between the 2 groups (logrank �0.0001).
Distance of the new fracture from the treated level was also significantly associated with time to new
fracture (P � .0001). Relative risk of adjacent level fracture was 4.62 times that for nonadjacent level
fracture.

CONCLUSION: These data demonstrate an association between vertebroplasty and new vertebral
fractures. Specifically, following vertebroplasty, patients are at increased risk of new-onset adjacent-
level fractures and, when these fractures occur, they occur sooner than nonadjacent level fractures.

Percutaneous vertebroplasty (PVP) has been shown to pro-
vide benefit to patients with painful vertebral compression

fractures in terms of both pain control and disability resolu-
tion.1-3 Patients typically demonstrate rapid and durable pain
relief and often regain lost function.4,5 Despite the demon-
strated benefit, there is a great deal of debate about whether
vertebroplasty also increases fracture morbidity by either in-
ducing or facilitating subsequent vertebral fractures.6,7 Inves-
tigators have attempted to explore this issue through both
clinical and biomechanical studies. Until now, much of the
clinical data are anecdotal and either presented in case reports
or as part of follow-up data in procedural efficacy studies.

To explore the issue of new-onset (incident) fractures, pre-
vious investigators have focused on fractures of adjacent level
vertebrae. This focus is largely based on the assumption that
the effects of vertebroplasty will be greatest at vertebral levels
near the treated vertebral body. Therefore, if an increased rate
of fracture of adjacent vertebrae can be demonstrated, a caus-
ative link may be possible. This connection is made more dif-
ficult, however, by the fact that clinical data to this point have
been contradictory,8-12 and it is possible that the natural his-
tory of vertebral compression fractures may include clustering
at adjacent levels regardless of the presence of vertebroplasty.13

Support for a connection between vertebroplasty and subse-
quent fractures, however, comes from biomechanical data
which uniformly show significant changes in both vertebral

loading and vertebral shape following vertebroplasty and thus
point toward the likelihood of increased fracture risk in adja-
cent vertebrae.14-17

We believe that a study of the time course of occurrence of
incident fractures in patients previously treated with vertebro-
plasty will shed further light on this debate. Specifically, if
vertebroplasty is to be implicated as causative of new, adja-
cent-level fractures, we hypothesized that, following vertebro-
plasty, these fractures would occur with increased frequency
and earlier than nonadjacent fractures, which may represent
the natural history of the disease.

Methods
We performed a retrospective review of all patients treated with

vertebroplasty at our institution between July 1999 and September

2004. During this interval, 432 patients were treated. Institutional

review board approval was obtained for this study and all analyses of

patient records were in accordance with HIPAA regulations. Patient

records were reviewed to identify prevalent and incident fractures as

well as vertebral levels treated. Fractures that were present on imaging

before vertebroplasty either in acute or chronic form were designated

as prevalent fractures. Incident fractures were defined as fractures that

were newly diagnosed following vertebroplasty on the basis of MR

imaging or bone scan. Time of diagnosis of incident fractures was

determined based on the date of confirmatory imaging. Incident frac-

tures were designated as either adjacent or nonadjacent to the verte-

bral level most recently treated with vertebroplasty. In the event that

multiple levels were treated in a single session, adjacent/nonadjacent

designations were made relative to the treated level that was nearest to

the newly fractured vertebral body. If the incident fractures were sub-

sequently treated and the patient developed additional fractures,
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these were designated as either adjacent or nonadjacent to the most

recently treated levels.

Of the 432 patients reviewed, 91 subsequently presented to our

institution with painful incident vertebral compression fractures. Five

of the 91 patients were treated for malignancy-associated vertebral

compression fractures (multiple myeloma, 3; unknown myeloprolif-

erative disease, 1; metastatic renal cell carcinoma, 1). These patients

were excluded from the analysis. The remaining 86 patients were ini-

tially treated with vertebroplasty for osteoporotic fractures at a total of

137 vertebral levels.

Vertebroplasty Procedure
PV is typically offered to patients with refractory pain that is re-

ferable to an acute or subacute vertebral compression fracture of the

thoracic or lumbar spine as evidenced on MR imaging or bone scan.

Vertebroplasty is not offered when the following exclusion criteria are

met: improvement with conservative management, technical contra-

indications, and noncorrelating pain.

Vertebroplasties were performed by staff radiologists according to

the methods outlined elsewhere.18 Specifically, patients were treated

by using intravenous conscious sedation. Biplane fluoroscopy was

used in all cases. Local anesthesia was administered over the skin,

subcutaneous tissues, muscular tissues, and periosteum of the tar-

geted pedicle. Transpediculate or parapedicular trajectories were used

in all cases. Eleven-gauge needles were advanced into the central as-

pect of the vertebral bodies for unipediculate approaches, and place-

ment of the needle was made into the midportion of the hemivertebra

for bipediculate approaches.

Cement was prepared as described elsewhere.18 In brief, the ce-

ment material was prepared by combining polymethylmethacrylate

(PMMA) powder with sterile barium sulfate for opacification and

gentamicin powder for infection control, followed by the addition of

liquid monomer to make a thin, “cake-glaze” consistency material.

The mixture was then injected with either an injector device (Cook

Inc., Bloomington, Ind) or 1-mL syringes. Cement injection was con-

sidered complete when the cement reached the posterior one fourth

of the vertebral body on the lateral projection. Injection was also

immediately terminated in the event of epidural, venous, or transend-

plate extravasation. Following needle removal, patients were left on

strict bed rest for 1 hour and then discharged. A maximum of 3 ver-

tebral levels were treated in a single session based on clinician comfort

levels.

Statistical Analysis
For the purpose of statistical analysis, each fracture was consid-

ered as a separate occurrence.

A Monte Carlo approximation for the Fisher exact test was used to

compare the distribution along the spinal axis of prevalent and inci-

dent vertebral fractures as well as to compare the distribution of ad-

jacent and nonadjcacent incident fractures.

Survival analysis by using the logrank statistic was used to com-

pare time to diagnosis of incident vertebral fractures between 2

groups: patients with incident fractures adjacent to the treated levels

and patients with nonadjacent incident fractures. The null hypothesis

was that, following vertebroplasty, adjacent-level, incident fractures

occur at similar time points as nonadjacent-level, incident fractures.

The �2 test was used to compare the frequency of cephalad or caudad

location of the incident adjacent-level fracture relative to the treated

level. This test was based upon a null hypothesis that there would be

equal frequency of fractures above and below the treated level.

Relative risk calculations were made on based on analysis of only

the incident fractures that occurred after the initial vertebroplasty.

For the purposes of this analysis alone, fractures following vertebro-

plasties of incident fractures were not included. Vertebrae between T2

and L5 were considered for analysis.

In addition, bivariate analysis and standard least squares multiple

linear regression were performed to determine which factors might

contribute to the length of time between vertebroplasty and incident

compression fracture. Independent variables tested in the multivari-

able model were patient age, patient sex, distance of incident fracture

from the most recent level treated by vertebroplasty (in number of

vertebral levels), presence or absence of a cyst in the treated vertebra,

and categorical zone of previous vertebroplasty(ies). Categorical

zones of vertebroplasty were defined on the basis of the known bi-

modal frequency of compression fractures (peaks around T8 and

T12–L1) that is also exhibited in our patient population.19,20 The

zones were as follows: zone 1, T2–T6; zone 2, T7–T10; zone 3, T11–

L2; zone 4, L3–L5. Because some patients had been treated with ver-

tebroplasty in 2 zones before occurrence of an incident fracture, the

combined categories of zones 2 and 3 and of zones 3 and 4 were

included as separate categorical variables. This gave a total of 9 de-

grees of freedom in the multiple linear regression model.

For the purposes of discussion, data from a study of adjacent-level

fractures by Uppin et al21 were reanalyzed by using survival analysis

and the logrank statistic. Time to diagnosis of new adjacent- and

nonadjacent-level fractures in that population was compared in an

effort to relate those data to the results of the current study.

The statistical software used for all analyses was JMP version 5

(SAS Institute, Cary NC, 1989 –2002) or SAS version 8.02 (SAS Insti-

tute, 1999 –2001).

Results
One-hundred eighty-six incident vertebral fractures oc-

curred in 86 patients (median number of incident fractures,
1.5; range, 1–10; Fig 1). The median age for these 86 patients
was 72.5 years (range, 41–95 years), and 58 of the patients were
women (67.4%). The median time to diagnosis of an incident
fracture was 78 days (range, 2–1330 days). Seventy-seven
(41.4%) of the 186 fractures occurred in vertebrae adjacent to
the vertebral body most recently treated by vertebroplasty.
Thirty-three (42.9%) of the adjacent-level fractures were
caudad to the treated vertebra, whereas 39 (50.6%) were lo-
cated cephalad. Five of the adjacent fractures had adjacent
treated levels both above and below. This distribution was not
significantly different from the null hypothesis of equal inci-
dent fracture frequency above and below the prevalent frac-
ture (P � .48).

The distribution of incident fractures was significantly differ-
ent (P� .02 for fractures following only the initial verterbroplasty
in a given patient; P � .001 for fractures following all vertebro-
plasties) from that of prevalent fractures. Specifically, prevalent
fractures occurred with greater frequency at the thoracolumbar
junction (T11–L2) than did the incident fractures (Fig 1).

Among the incident fractures, the distribution of adjacent-
and nonadjacent-level fractures was significantly different
(P � .009). Adjacent-level fractures occurred with increased
frequency at the thoracolumbar junction, whereas nonadja-
cent fractures were most common in the midthoracic region
of the spine (Fig 2).

The median time to diagnosis of an incident adjacent-level
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fracture was 55.0 days (range, 2–1238 days), whereas the me-
dian time to diagnosis of an incident nonadjacent-level frac-
ture was 127.0 days (range, 3–1330 days). Interquartile ranges
were 78 days and 315.5 days for adjacent-level and nonadja-
cent-level fractures, respectively. Time to fracture was signifi-
cantly different between the 2 groups (logrank �0.0001; Fig
3), and we therefore reject the null hypothesis that there was
no difference in the time course of fractures between groups.

In multivariable analysis, the independent variable of dis-
tance of incident fracture from prior vertebroplasty was sig-
nificantly associated with the dependent variable of time be-
tween vertebroplasty and incident fracture (F ratio, 17.9; P �
.0001). That is, distance between the incident fracture and the

treated level increases as time between vertebroplasty and in-
cident fracture increases (Fig 4).

Zone of prior vertebroplasty was also significantly corre-
lated with time between vertebroplasty and incident fracture
in multivariable analysis (F ratio, 3.06; P � .0113). The zonal
categories of 2 and 3, 3 and 4, and 4 had associated mean times
between vertebroplasty and incident fracture that were less
than the mean time between vertebroplasty and incident frac-
ture for all zonal categories combined.

Relative Risk of Fracture
By including 16 vertebrae (T2–L5) in 86 patients, a total of

1376 vertebrae (16 � 86 � 1376) are encompassed for analy-

Fig 1. Location of prevalent and incident vertebral fractures. Two nonexclusive groups of incident fractures are shown—incident fractures following only the first vertebroplasty in a given
patient and incident fractures following all vertebroplasties in a given patient. All data are shown as a percentage of that group of fractures. The distribution of prevalent fractures is bimodal
with peaks around T8 –T9 and T12–L1, with L1 as the most-common prevalent fracture location. The distributions of both groups of incident fractures were significantly different from the
distribution of prevalent fractures with essentially a uniform distribution across the spine. There was no significant difference in the distributions of the 2 incident fracture groups.

Fig 2. Distribution of prevalent and adjacent and nonadjacent incident fractures. The distribution of adjacent- and nonadjacent-level fractures is significantly different. Adjacent-level
fractures predominate at the thoracolumbar junction (T11–L2), whereas nonadjacent-level fractures predominate in the midthoracic region of the spine (T7–T9).
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sis. Patients were treated at 137 of these vertebrae, yielding a
total of 272 adjacent levels (2 patients were treated at L5, which
is considered to have only a single adjacent vertebral level).
Because of treatment at multiple levels and untreated chronic
fractures, 117 adjacent vertebrae and 127 nonadjacent verte-
brae were not at risk for fracture. Thus, 915 nonadjacent ver-
tebrae and 155 adjacent vertebrae were considered at risk for
subsequent fracture.

In the subpopulation considered for this analysis (incident
fractures only after first vertebroplasty in a given patient), 148
incident fractures occurred in 86 patients. Sixty-five of these
fractures were of adjacent vertebrae yielding a relative risk of
4.62 (confidence interval � 4.35– 4.89; P � .0001) for fracture
of adjacent versus nonadjacent vertebrae.

Reanalysis of Data of Uppin et al
Thirty-six new fractures occurred in the patient population

described by Uppin et al.21 Median time to new adjacent-level
fractures was 21 days (range, 3–278 days), whereas the median
time to new nonadjacent-level fractures was 31 days (range,
7–305 days). This difference trended toward, but did not
reach, significance (logrank � 0.12; Fig 5).

Discussion
Vertebroplasty has been shown to significantly benefit pa-

tients with acute painful vertebral fractures in terms of pain
relief, improved quality of life, and reduced medication re-
quirements.1-3 It is still unclear, however, whether the proce-
dure in fact increases the risk of subsequent fractures. Al-

Fig 3. Survival curve depicting time incident of adjacent- and nonadjacent-level fractures in our patient population. Fractures adjacent to treated levels occur significantly sooner than
fractures of nonadjacent vertebral bodies.

Fig 4. Time from PVP to new fracture versus distance from PVP to new fracture. The distance from prior PVP to a new, incident fracture decreases as time from PVP to the incident fracture
decreases as indicated by the simple linear regression line (estimate, 33.8; SE, 8.9; P � .0002).
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though we have not demonstrated a direct causal relationship
between vertebroplasty and subsequent fractures, we consider
the findings of the current study provocative. We observe a
significant relationship between the time course of fractures
occurring after vertebroplasty and the distance of those new
fractures from the treated level. Fractures of vertebral bodies
adjacent to those treated with vertebroplasty occurred signif-
icantly sooner than fractures not immediately adjacent to a
treated level. This relationship is further supported by multi-
variable modeling that shows a relationship between the abso-
lute distance of the incident fracture from the treated level and
the timing of the incident fracture. In addition, we have shown
a relative risk of 4.62 for fracture of vertebrae adjacent to
treated levels versus fractures of vertebrae that are not adjacent
to treated levels. Unfortunately, comparable risk data on indi-
viduals not treated with vertebroplasty are not available at this
time. Although we cannot prove that treating a vertebral body
with vertebroplasty induces the fracture of adjacent vertebrae,
our data suggest vertebroplasty speeds, and possibly facilitates,
the fracture of adjacent vertebrae.

One potential explanation for the early onset of new frac-
tures following vertebroplasty is altered biomechanics in the
treated area of the spine. This hypothesis is well supported by
biomechanical data. Finite element models show that 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.14,15 In addition, the pressure in the
adjacent intervertebral disk increases significantly, resulting in
higher loading on the adjacent vertebral bodies as well as in-
creased deflection of the adjacent endplate.14,15,17 The combi-
nation of these effects leads to failure of adjacent vertebral
bodies at significantly lower spinal loads.16 More specifically,
Berleman et al demonstrated in a finite element model that
failure typically occurs in the nonaugmented vertebral body
immediately caudad to the treated level while both adjacent
caudad and cephalad vertebrae fracture in untreated con-

trols.16 We did not observe a significant difference in the ceph-
alad versus caudad occurrence of new adjacent fractures after
vertebroplasty.

One potential argument that would dispute the relevance
of the findings reported herein is the argument of clustering.
This argument has 2 main elements: temporal clustering and
spatial clustering. The temporal clustering argument is based
on data by Lindsay et al12 that showed that patients with a
baseline fracture are at increased risk of subsequent fracture
within a year when compared with healthy controls. To date,
the only prospective demonstration of temporal clustering of
subsequent fractures was a very small series, comprising 8 pa-
tients, by Kaplan et al13 that showed the clustered occurrence
of new onset fractures within 8 months of an untreated “sen-
tinel” fracture. Temporal clustering may explain the occur-
rence of subsequent fractures in our population, but it does
not necessarily explain the fact that adjacent-level fractures
occur on a different time course than nonadjacent-level frac-
tures.

The spatial clustering argument centers on the known pro-
pensity for fractures to occur in the midthoracic (T7–T9) and
thoracolumbar (T11–L1) regions of the spine.19,20,22 The
thrust of this argument is that treated fractures are more com-
mon in these regions and that nearby vertebrae are inherently
at an increased risk for fracture even in the absence of a treated
vertebra. Our data appear to contradict this argument. The
distribution of incident fractures is significantly different from
that of prevalent fractures, in that incident fractures are essen-
tially uniformly distributed across the spine (Fig 1) with little
predisposition for specific spinal zones. The distribution,
however, of the subgroup of only adjacent-level fractures is
significantly biased toward the thoracolumbar junction.

In the absence of a control group of untreated fractures, the
issue of clustering is difficult to address because, if vertebro-
plasty actually increases the rate of subsequent fractures, one
would expect spatial and temporal “clustering” of fractures
under those conditions as well.

Fig 5. Survival curve depicting time to new fracture based on data from Uppin et al.21 Although not statistically significant, fractures of vertebrae adjacent to treated levels trend toward
occurring sooner than fractures of nonadjacent levels.
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By using various methodologies, previous authors have ad-
dressed the issue of whether vertebroplasty causes new frac-
tures. None of these previous studies can be considered con-
clusive, but many have raised suspicion that cement in the
vertebral body or disk space may increase the risk of new onset
fractures at adjacent levels. Grados et al described a signifi-
cantly increased risk (odds ratio � 2.27) of vertebral fracture
in the vicinity of cemented vertebral bodies when compared
with the risk in the vicinity of uncemented vertebrae, but no
control group of untreated patients was offered.8 Lin et al cited
a relationship between cement leakage into the disk space and
subsequent fracture risk.23 They showed that 58% of vertebrae
adjacent to disks containing cement subsequently fractured
versus only 12% of vertebrae adjacent to disks not containing
cement that subsequently fractured.23 Uppin et al described a
series of 22 patients with 36 new vertebral fractures following
vertebroplasty.21 They noted that 24 (67%) of the new frac-
tures were of adjacent vertebral bodies and that 24 (67%) of
the new fractures occurred within 30 days of vertebroplasty;
however, no statistical conclusions regarding the timing of
new fractures were drawn. Our data are in general agreement
with these previous studies and offer an additional statistical
basis for exploring this complex issue.

Although the studies listed above point toward a relation-
ship between vertebroplasty and subsequent fractures, other
investigations provide conflicting results. Laredo and
Hamze24 anecdotally compared the results described by Up-
pin et al21 and Grados et al8 with the results of a study of the
natural history of vertebral compression fractures12 and con-
cluded that there was no evidence of an overall increased inci-
dence of new vertebral fractures after vertebroplasty. Despite
mixed evidence about whether vertebroplasty increases the
absolute incidence of new fractures, our data and those of
other authors indicates that vertebroplasty may cause frac-
tures to occur earlier than they otherwise would have, partic-
ularly in vertebral bodies that are adjacent to treated levels.

Kim et al and Fribourg et al both focused specifically on the
time course of subsequent fractures,10,25 as we have in the cur-
rent study. Kim et al described 72 new fractures in a patient
population of 212 treated vertebral levels. The authors dem-
onstrated a 1-year fracture-free rate of 93.1% and a mean frac-
ture-free interval of 32 months. They also noted a rapid de-
crease in the fracture-free rate in the first 2 months consistent
with the data presented by Uppin et al.21 Features that con-
ferred an increased risk of subsequent fracture were location of
an adjacent vertebral body in the thoracolumbar junction and
location of a vertebral body immediately adjacent to a treated
level (relative risk of 2.70 and 3.03, respectively). The latter
finding is confirmed in the present study.

Fribourg et al focused more specifically on the time course
of new vertebral fractures.25 The authors undertook a retro-
spective review of 38 kyphoplasty patients who were treated at
47 vertebral levels. Within the mean follow-up of 8 months, 10
patients sustained 17 new vertebral fractures. Thirteen of these
fractures were considered adjacent to treated levels and the
authors demonstrated that these adjacent fractures occurred
significantly sooner than the nonadjacent fractures. The me-
dian intervals until adjacent and nonadjacent fractures were
37 and 370 days, respectively. These results, though based on a
much smaller sample set and based upon kyphoplasty pa-

tients, support the conclusion we have been able to make with
a larger dataset of vertebroplasty patients and a more robust
statistical analysis.

Although they did not focus on the timing of new vertebral
fractures, a reanalysis of the data included in the article by
Uppin et al further supports our findings.21 The difference in
time to new adjacent- or nonadjacent-level fractures in that
population did not reach significance, but adjacent-level frac-
tures did trend toward occurring sooner following vertebro-
plasty. The fact that these data do not show a statistically sig-
nificant relationship may only be a reflection of the sample size
(only 36 new fractures) and a keen observer notes the similar-
ity between the survival curves based on these data and those
generated in our study.

Although the sample sizes are small, the studies by Fribourg
et al and Uppin et al support the findings demonstrated by our
study. The present study shows, without a doubt, that frac-
tures of vertebral bodies adjacent to levels treated by vertebro-
plasty occur sooner than fractures of nonadjacent vertebrae,
and we consider these results provocative. The results of this
study are particularly relevant because this is the largest dataset
and most robust analysis of this issue to date. There are several
limitations, however, to our study. First, new fractures were
defined based upon clinical criteria and acute MR imaging
findings26-28 rather than morphologic criteria. There is a great
deal of discussion in the literature regarding the appropriate
definition of new vertebral fractures based on morphologic
criteria.29,30 Although this is an important academic issue, ver-
tebral body changes that are demonstrable on MR imaging or
bone scan and can be related to a patient’s symptoms warrant
treatment even if they do not meet the strict morphologic
criteria described in the literature. Second, for the purpose of
analysis each fracture was considered as a separate occurrence.
There is a body of evidence that demonstrates the interrela-
tionship of various spinal levels and these factors could be
playing into the likelihood and timing of subsequent frac-
tures.20,31,32 Ultimately, to account for these interrelation-
ships, complex models will need to be developed. At this time,
however, it is not our intention to prove a causative relation-
ship. Instead, we hope to illustrate one of the factors that is
likely playing a role in subsequent fractures. Finally, this is a
retrospective study and has all of the limitations inherent
therein. This, however, does not diminish the importance of
these results in terms of advancing the understanding of the
effects of introducing cement into the spine.

If the role of vertebroplasty in subsequent fractures is ulti-
mately defined, the natural progression of the disease and the
location of subsequent fractures in untreated individuals
needs to be understood.6 Jensen et al commented on this and
in a small cohort of patients demonstrated that patients with
new fractures after vertebroplasty were not significantly more
likely to have a fracture of an adjacent level than a control
group of patients with multiple compression fractures.9 In ad-
dition, Kallmes et al noted that in a cohort of patients with
multiple osteoporotic fractures, 68% of the fractures were
contiguous suggesting a “clustering effect” to the natural his-
tory of vertebral fractures in osteoporosis.7 It is clear from
these 2 small studies that both epidemiologic investigations
and prospective controlled trials are warranted if we are to
accurately define this relationship. Specifically to prove the
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association between vertebroplasty and subsequent fractures
observed in this study, a randomized, prospective trial com-
paring vertebroplasty patients to untreated controls is war-
ranted.

Finally, although the current study suggests an association
between vertebroplasty and subsequent vertebral fractures,
the benefits of the procedure need to be taken into account. In
view of the positive outcomes that have been repeatedly asso-
ciated with vertebroplasty, the procedure should not necessar-
ily be abandoned or withheld in light of the findings of the
current study. Instead, these data should serve to create aware-
ness of a very real potential that vertebroplasty may increase
the risk of subsequent fracture, as compared with the natural
history of osteoporosis.

Conclusion
Although we cannot prove a causative relationship be-

tween vertebroplasty and subsequent vertebral fractures, our
data add valuable information to the continuing debate. Ver-
tebral bodies adjacent to those treated with vertebroplasty
have greater than 4 times the risk of fracture than vertebrae
that are not adjacent to treated levels. In addition, it is clear
that there is a temporal effect of introducing cement into a
vertebral body with adjacent vertebrae fracturing significantly
sooner than more distant vertebrae.
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