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PURPOSE: Osteoporotic vertebral compression fractures may cause debilitating pain that lasts for weeks or months,
and which is often neither quickly nor completely relieved by conventional conservative therapy. Previous retrospec-
tive studies have suggested significant and nearly immediate pain relief, as well as rapid and sustained functional
recovery, after percutaneous polymethylmethacrylate vertebroplasty (PPV). This prospective, quantitative study with
long-term follow-up was designed to evaluate the safety and efficacy of PPV as a new treatment for patients with
osteoporotic vertebral body compression fractures of the lumbar and thoracic spine.

MATERIALS AND METHODS: PPV was performed in 30 patients with 54 symptomatic osteoporotic vertebral
compression fractures who had a less-than-satisfactory response to conventional therapy. All procedures were
performed by a single operator with significant experience in performing PPV. The Musculoskeletal Outcomes Data
Evaluation and Management Scale (MODEMS) spinal intervention questionnaire, which includes the SF-36, was
administered to all patients before intervention and exactly 2 weeks after the final PPV procedure. Pain and disability,
treatment expectations and satisfaction, mental function, and quality of life were evaluated by four specialized
modules, and responses to questionnaires preceding treatment were compared to those obtained at follow-up. Results
of a long-term follow-up questionnaire were collected 15–18 months after the final vertebroplasty treatment.

RESULTS: Our population consisted of three men and 27 women, with a mean age of 79 years. Fifty-four PPV
procedures were performed for compression fractures in these 30 patients. Significant postprocedural improvement in
all four MODEMS modules was demonstrated at 2 weeks (treatment score, P < .0001; pain and disability, P < .0001;
physical function, P � .0004; and mental function, P � .0009). A small epidural leak of polymethylmethacrylate in one
patient was asymptomatic and did not require intervention. At long-term follow-up (15–18 mo), 22 of 23 patients
responding remained satisfied with the outcome of therapy and believed that the procedure had provided durable
pain relief. Verbal pain scores documented significantly diminished back pain at 2 weeks (P < .0001) and again at
long-term follow-up when compared to baseline (P < .0001).

CONCLUSIONS: PPV is a safe and efficacious procedure for the relief of pain and disability after osteoporotic
vertebral compression fractures. Patient satisfaction is high and persists when compared to preprocedural expecta-
tions; durable pain relief is provided.
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Abbreviations: MODEMS � Musculoskeletal Outcomes Data Evaluation and Management Scale, PMMA � polymethylmethacrylate, PPV � percutaneous
polymethylmethacrylate vertebroplasty

OSTEOPOROSIS, characterized by
low bone mass and structural deterio-
ration of bone tissue leading to fragil-
ity, is the most prevalent metabolic
bone disease and is often the cause of
compression fractures in the elderly
(1,2). Osteoporosis is estimated to af-
flict 200 million women worldwide
(3), and in the United States affects
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45% of women and 13% of men older
than 50 years of age (4). Osteoporosis
is responsible for more than 1.5 mil-
lion fractures annually in the United
States; nearly half these are fractures
of the vertebral bodies (5–7). The an-
nual cost of health care and lost pro-
ductivity caused by osteoporosis ex-
ceeded 10 billion dollars in 1994 in the
United States alone (2). Therefore, we
sought to evaluate a minimally inva-
sive procedure that could provide in-
ternal splinting and structural support
for a partially compressed vertebral
body, with the goal of decreasing im-
pairment and subsequent morbidity.

Percutaneous polymethylmethacry-
late vertebroplasty (PPV), the augmen-
tation of fractured or fragile vertebral
bodies with use of the bone cement
polymethylmethacrylate (PMMA), has
grown in popularity since it was first
introduced in the United States at the
annual meeting of the Radiological So-
ciety of North America in 1988 (8).
Variations of PPV with use of PMMA
or cyanoacrylate have been reported
to be successful in treating vertebral
compression fractures related to osteo-
porosis (9–11), in the treatment of me-
tastases and myeloma (12–14), and for
relief of pain and control of perioper-
ative blood loss in vertebral hemangi-
omas (13,15–18). PPV has also been
used successfully to treat patients who
were debilitated by steroid-induced
osteoporotic compression fractures,
and has been performed at numerous
levels in the same patients (19). How-
ever, to our knowledge, only one
study has used an accepted and previ-
ously validated scale to prospectively
determine the efficacy of this novel
therapy (20). Long-term follow-up has
been only rarely and inconsistently re-
ported (20–24). In this investigation,
we used a data evaluation and out-
comes system, the Musculoskeletal
Outcomes Data Evaluation and Man-
agement Scale (MODEMS), which was
developed in conjunction with the
American Academy of Orthopedic
Surgeons to evaluate the outcomes of
surgical spine intervention, to deter-
mine the efficacy of PPV (25–27). A
follow-up questionnaire that included
verbal pain score scales was used to
assess the durability of results 15–18
months after PPV.

This prospective, quantitative
study with long-term follow-up was
designed to evaluate the safety and

efficacy of PPV as a new treatment for
patients with painful osteoporotic ver-
tebral body compression fractures of
the lumbar and thoracic spine.

MATERIALS AND METHODS

Fifty-four symptomatic vertebral
compression fractures in 30 patients
with senile osteoporosis were treated
with PPV by one physician (W.J.O.)
over the course of 6 months. This prac-
titioner was experienced in perform-
ing PPV and had already performed
more than 100 such procedures before
the initiation of this study. The study
protocol was reviewed and approved
by the Institutional Review Board at
the medium-sized community hospital
where all treatments were performed.

Patient Selection

All patients had demonstrated a
less-than-satisfactory response to con-
ventional therapy consisting of bed-
rest and analgesics for at least 4 weeks.
Plain radiographs or magnetic reso-
nance images were evaluated in a pre-
procedural consultation; before ther-
apy, the location of the patient’s pain
was correlated with physical examina-
tion under fluoroscopy. The amount of
vertebral compression was deter-
mined by comparing the minimum
height of the affected vertebral body
on lateral radiographs to the expected
normal height at that level, deter-
mined by substituting the vertical
measurement of the closest adjacent
normal vertebral body. The maximum
degree of compression fracture treated
was 75%. The average degree of com-
pression was 50% (range, 25%–75%).
Patients with loss of vertebral height
greater than 75% or significant spinal
stenosis (�25%) at the level of the
fracture were not considered for
treatment.

Patient Population

Our population consisted of three
men and 27 women with a mean age
of 79 years (range, 57–90 y). Fifty-four
PPV procedures were performed for
thoracic or lumbar compression frac-
tures in these 30 patients. A single ver-
tebral level was treated in 21 cases.
Multiple levels were treated in 14 pa-
tients: eight patients had two levels
treated, three patients had three levels

treated, two patients had four levels
treated, and one patient had five levels
treated. Two treatment sessions were
necessary in seven patients, and three
treatment sessions were required in
two patients.

Technique

PPV was performed in a single-
plane angiography suite (Multistar
T.O.P.; Siemens, Erlangen, Germany)
with intravenous sedation. The tech-
nique employed in all cases was essen-
tially that described by Jensen et al
(11) and Deramond et al (10), except
with a different brand of PMMA (Sur-
gical Simplex P; Howmedica, Ruther-
ford, NJ). Also, in our series, alternat-
ing and nearly simultaneous injection
through both pedicles was performed
instead of treating the hemivertebrae
in sequential fashion. A total of 4–8
mL of PMMA were injected into each
treated vertebral body (Fig 1). The pa-
tients were allowed to recover for ap-
proximately 3 hours in the short-stay
unit, during which time a limited com-
puted tomographic (CT) scan was ob-
tained through the treatment levels.

Pre- and Postprocedural Evaluation

The MODEMS Program offers 12
different questionnaires that have
been thoroughly validated and tested
to define quality of care for various
musculoskeletal conditions (25–27).
All questionnaires have a baseline and
a follow-up version, and take approx-
imately 15 minutes for the patient to
complete. The spine questionnaire that
we employed contains modules for
evaluation of pain and disability, out-
come satisfaction, mental function,
and physical function.

The preoperative MODEMS ques-
tionnaire was administered to each pa-
tient within 4 hours before the proce-
dure. Exactly 2 weeks after PPV, each
patient responded to the follow-up
questionnaire that was subsequently
returned to us in a self-addressed,
stamped envelope. Data were ana-
lyzed by Data Harbor, Inc. (Chicago,
IL), an organization that maintains the
MODEMS database for comparison
among practices, and which also pro-
vided preliminary statistical analysis
of our results. Responses to the four
modules of the MODEMS spine ques-
tionnaire were then analyzed for sta-
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tistically significant change with use of
paired Student t-tests.

Module 1.—The treatment score
was calculated before and after PPV.
This score assesses the patients’ ex-

pectations for treatment success be-
fore intervention. In the follow-up
questionnaire, the patient is asked if
the expectations for treatment were
met and if they are satisfied with the

outcome. The patient is given the op-
portunity to state whether or not
they would choose to undergo the
same procedure again.

Module 2.—The pain and disability
scores provide an indication of the
limitations that are imposed on the
patient before and after PPV and
identifies where their pain is located.
The patient is asked several ques-
tions concerning location of pain and
how bothersome the pain has been
during the previous week. They are
also asked questions concerning their
ability to perform certain tasks such
as dressing themselves, lifting, sit-
ting, walking, standing, sleeping,
having sex, or traveling, and to rate
how much their pain interferes with
these activities. All of these questions
are posed before and after PPV to
determine if there is any change.

Modules 3 and 4.—The physical
function and mental function scores
represent portions of the SF-36 evalu-
ation profile, which is included
within the MODEMS instrument. The
SF-36 is a comprehensive short-form
questionnaire with 36 items that
yields a health profile and summary
measures of health-related quality of
life (28–30).

A second follow-up questionnaire,
including a verbal pain scale, was
mailed to all patients between 15 and
18 months after their final vertebro-
plasty procedure to assess the durabil-
ity of therapy. Patients were again
asked whether the procedure had re-
lieved the pain for which they were
treated, if they were satisfied with the
long-term outcome, and if they would
have PPV performed again if they suf-
fered another compression fracture in
the future. Back pain before therapy,
in the 2 weeks immediately after PPV,
and at long-term follow-up was rated
on a scale of 1–10. Patients were also
asked whether they still took medica-
tion for back pain, and if they had expe-
rienced additional vertebral fractures.
Patients who did not respond by mail
were contacted by telephone and pro-
vided verbal responses when possible.

Study Endpoints and Adverse
Events

It was our intention to follow all
patients for a minimum of 1 year. At-
tempts at long-term follow-up were
discontinued if three telephone calls

Figure 1. Multilevel vertebroplasty in a 79-year-old woman with osteoporotic L3 and L4
compression fractures: (a) Lateral radiograph demonstrating needle placement in the
right and left L4 pedicles. (b) Lateral radiograph obtained after vertebroplasty at L4, with
bone needles placed within the right and left L3 pedicles. (c) Anteroposterior and (d)
lateral radiographs demonstrating PMMA bone cement within the L3 and L4 vertebral
bodies after vertebroplasty. (Fig 1 continues)
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and three mailings of the follow-up
questionnaire had resulted in no
response.

Minor adverse events were defined
as any unexpected or undesirable clin-
ical occurrence within the 2 weeks af-
ter PPV, but which required no imme-
diate or delayed surgical intervention.
Serious adverse events were defined
as any unexpected or undesirable clin-
ical occurrence which required surgi-
cal intervention or which resulted in
death or significant disability after PPV.

CT scans of each treated vertebral
level were obtained within the first 3
hours after PPV. Axial images were
acquired at 3-mm intervals beginning
one level above and ending one level
below the treated vertebrae. Images
were reviewed independently by two
neuroradiologists (W.J.O. and G.H.Z),
and were assessed for unexpected or
undesirable migration of cement, in-
cluding significant filling of the epi-
dural venous plexus, foraminal veins,
or inferior vena cava.

Statistical Analysis

Data were analyzed by Data Har-
bor, Inc. (Chicago, IL), an organization
that maintains the MODEMS database
for comparison among practices, and
which also provided preliminary sta-
tistical analysis of our results. Re-
sponses to the four modules of the
MODEMS spine questionnaire were

then analyzed by one of the authors
(J.R.H.) for significant change with use
of paired Student t-tests. Verbal pain
scale scores, including long-term follow-
up, were analyzed with use of the Wil-
coxon matched-pairs signed-rank test.

RESULTS

Early Results

Twenty-nine of 30 patients reported
pain relief in the hours immediately
after the procedure. There were two
minor adverse events.

Posttreatment CT scans were ob-
tained within 3 hours in all cases and
were assessed for unexpected or unde-
sirable migration of cement, including
significant filling of the epidural ve-
nous plexus, foraminal veins, or infe-
rior vena cava. A small epidural leak
of PMMA (Fig 2) was asymptomatic
and did not require intervention or
treatment for this radiographic finding.

Another patient experienced a pul-
monary embolism 6 days after PPV at
a single level (L4). There was no extra-
vertebral migration of PMMA in this
patient, nor was there evidence of
opacified PMMA on subsequent chest
radiographs, and the pulmonary em-
bolism was believed to be a result of
fragmentation of lower extremity deep
venous thrombosis related to previous
prolonged inactivity. Although hospi-

talization was required, the patient re-
covered completely and uneventfully.

All patients completed and re-
turned the 2-week follow-up question-
naire in a timely fashion. When asked
how their current musculoskeletal
condition compared to their pretreat-
ment status, 24 of 30 patients (80%)
reported feeling better. When asked if
they could go back in time and make
the decision again, 27 of 30 patients
(90%) responded that they would still
choose to have PPV performed.

Analysis of MODEMS data with
use of paired t-tests confirmed signif-
icant improvement in all four modules
2 weeks after vertebroplasty (Table 1):
treatment score (P � .0001), pain and
disability (P � .0001), physical func-
tion (P � .0004), and mental function
(P � .0009).

Late Results

The whereabouts or condition of all
30 patients was ascertained for follow-
up, and long-term results were ob-
tained by questionnaire between 15
and 18 months after the final vertebro-
plasty treatment. Three patients had
died more than 6 months after verte-
broplasty. One was in a rehabilitation
facility and another was in a nursing
home for terminal care. Two others
were determined to be alive but did
not respond to multiple mail and tele-
phone inquiries. The remaining 23 of

Figure 1. (continued) (e) CT image demonstrating the deposition
of PMMA within the L4 vertebral body. Note linear lucency in
the right pedicle, corresponding to the track of the needle.
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30 patients responded to the follow-up
questionnaire by mail or by providing
answers via telephone. Twenty-two of
23 (96%) remained satisfied with the
outcome and believed that the proce-
dure continued to relieve the pain for
which they were treated; 21 of 23 in-
dicated that they would have PPV per-
formed again if they experienced a fu-
ture compression fracture. Fifteen of
23 patients still took some medication
for back pain, and three of these 15
had experienced additional fractures

at untreated levels. Of these patients
reporting back pain at the 15–18-
month follow-up, the mean verbal
pain rating was 3.89 out of 10 (range,
1–8). Three patients had undergone
subsequent epidural steroid injections
for back pain unrelated to vertebral
compression fracture or PPV. Back
pain before therapy was rated at a
mean of 9.73 out of 10 (range, 5–10). In
the 2 weeks immediately after verte-
broplasty, pain was rated at a mean of
1.70 out of 10 (range, 0–6), and at long

term follow-up, 2.60 out of 10 (range,
0–8) for all 23 patients responding.

Verbal pain scale scores were ana-
lyzed with use of the Wilcoxon
matched-pairs signed-rank test, a non-
parametric equivalent to the paired t-
test. Verbal pain scores documented
significantly diminished back pain at 2
weeks (P � .0001) and at long-term
follow-up when compared again to
baseline (P � .0001). Comparison of
long-term follow-up pain scores to
verbal pain scores at 2 weeks showed

Figure 2. T7 vertebroplasty for osteoporotic compression frac-
ture, with epidural extravasation of cement: (a) lateral radio-
graph demonstrating placement of bone needle and trocar in
the right T7 pedicle. (b) Lateral radiograph after vertebroplasty
demonstrates epidural extravasation of PMMA (arrow). (c) CT
demonstrating right ventral epidural extravasation of PMMA,
occupying approximately 20% of the vertebral canal. The pa-
tient remained asymptomatic.
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no significant difference (P � .4492),
demonstrating the durability of pain
relief achieved by PPV.

DISCUSSION

Conventional treatment of verte-
bral fractures is typically nonopera-
tive, and, until recently, has focused
on the alleviation of acute pain with
narcotic and nonsteroidal antiinflam-
matory agents. Pharmacologic inter-
vention to improve bone marrow den-
sity has gained widespread acceptance
in recent years (31). Because of signif-
icant risk caused by comorbid condi-
tions that are common in this elderly
patient population, as well as technical
difficulty achieving adequate fixation
of hardware within osteoporotic bone,
surgical intervention is rarely under-
taken (32). Pain and diminished mo-
bility, loss of employment, and nar-
cotic addiction are not the only
potential sequelae of vertebral com-
pression fractures. Patients may de-
velop urinary retention, ileus, or spi-
nal cord compression. Long-term
effects can include kyphosis, insom-
nia, and depression (33). The actual
cost related to this illness may there-
fore be underreported.

The fracture risk from osteoporosis
increases with age in postmenopausal
women. Men are also at risk for verte-
bral fractures, but partly because
women live longer, the lifetime risk of
a vertebral fracture from age 50 on-
ward is 16% in white women and only
5% in white men. Fracture rates are
lower outside of white populations
(34).

Moderate or severe vertebral com-
pression deformities have been found
in 25% of 85-year-old white women
(35). Although neurologic deficit
caused by osteoporotic vertebral com-

pression fracture may be rare (36), ver-
tebral compression fractures are nev-
ertheless associated with significant
impairment in functional, physical,
and psychosocial indexes (37). Quality
of life is impaired even after the first
osteoporotic compression fracture and
decreases further with additional frac-
tures (5). Affected individuals have
pain, disability, loss of activity, fear of
falling, and embarrassment over their
appearance (38). Skeletal deformity
may progress even after extension
bracing (39). Surgical intervention is
rarely undertaken because of the in-
herent weakness of the osteoporotic
bone (32). Excess mortality after an ini-
tial diagnosis of osteoporotic vertebral
compression fracture increases pro-
gressively as the duration of follow-up
increases (40).

Recent small series have demon-
strated consistent and significant suc-
cess with use of PPV to relieve the
pain that results from osteoporotic
vertebral compression fractures
(11,13). Significant pain relief is
achieved in 75%–90% of patients with
benign fractures (10,11,13,23) and in
59%–86% of patients with malignant
vertebral compression fractures (10,
12–14,41,42). PPV has also resulted in
increased mobility and a diminished
requirement for analgesics (11).
Whether pain relief is caused primar-
ily by structural reinforcement of the
fractured vertebral body or by analge-
sia associated with a chemical or ther-
mal effect of the methacrylate has not
yet been determined; however, the oc-
currence of a repeated fracture at an
adequately treated vertebral body
level has not been reported and did
not occur in our series.

Despite the increasing acceptance
and clinical application of PPV since
its initial description in the United

States in 1988 (8), we know of no con-
trolled prospective studies on the
safety or efficacy of PPV yet reported.
Only one previous investigation has
used an established outcome scale and
questionnaire to prospectively mea-
sure the efficacy of PPV in patients
with compression fractures (20). This
study of 20 treatment levels in 16 pa-
tients used a visual analog scale, the
McGill-Melzack scoring system (43),
and the Nottingham Health Profile to
assess patients at days 3, 30, 90, and
180 after treatment. Statistically signif-
icant improvements in assessment cri-
teria were reported at all time points
in all three scales.

Several recent studies have used vi-
sual analog or verbal pain scales to
assess the efficacy of PPV. Both De-
ramond (10) and Martin (44) have re-
ported complete relief of symptoms in
patients who respond to treatment.
However, in most reports, pain relief
is substantial and significant but not
complete (11,20,21,23,24). These re-
sults are consistent with our findings,
which indicate a decrease in pain rat-
ing from 9.37 out of 10 before treat-
ment to 1.70 out of 10 at 2 weeks after
vertebroplasty. Patient satisfaction af-
ter PPV was high in our series (treat-
ment score: P � .0001). Twenty-two of
23 patients (96%) responding were sat-
isfied with the initial outcome at 2
weeks and believed that the procedure
had continued to relieve the pain they
were treated for; 21 of 23 (91%) indi-
cated that they would have PPV per-
formed again if they had another com-
pression fracture.

Most previous studies of PPV have
been retrospective and have reported
only short-term results. Previous re-
ports on the efficacy of PPV suggest
that the treatment effect does not de-
crease over time. At a mean follow-up
of 281 days, Jensen and Dion (22) re-
ported durable benefit in 23 of 26 pa-
tients who initially experienced pain
relief and increased mobility in the
few days after treatment with PPV.
When followed for an average of 18
months (21) and 6 months (23) after
PPV, some patients developed new
pain, but none reported a return of the
pain for which they had initially
sought treatment.

In another study, Grados et al (24)
followed 25 patients for a mean of 48
months (range, 12–84 mo). Pain as-
sessed by visual analog scale de-

Raw Data and Results of Paired t-test Analyses, Demonstrating Significant
Improvement in All Four MODEMS Modules at 2 Weeks after Final
Vertebroplasty

Pretreatment
MODEMS Score

Posttreatment
MODEMS Score

Paired t-test
Analysis

Treatment expectations 75.36 � 19.11 33.02 � 26.97 P � .0001
Pain and disability 42.35 � 18.01 61.47 � 17.30 P � .0001
Physical function (SF-36) 23.21 � 5.99 27.27 � 6.92 P � .0004
Mental function (SF-36) 45.64 � 12.85 50.54 � 10.78 P � .0009

Note.—Values expressed as means � SD where applicable.
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creased significantly (P � .05) from a
mean of 80 mm at baseline to 37 mm at
1 month and 34 mm at the time of
maximum follow-up. Cortet et al (20)
found significant improvement in pain
with a trend of decreasing scores over
time (days 3, 30, 90, and 180 after PPV)
in five of six dimensions of the Not-
tingham Health Profile: pain (P � .01),
physical mobility (P � .05), emotional
reactions (P � .05), social isolation (P
� .05), and energy (P � .05). We fol-
lowed patients in our series for a min-
imum of 15 months after treatment
and assessed the durability of PPV
with a brief long-term follow-up
questionnaire.

Our results in 22 of 23 patients re-
sponding 15–18 months after treat-
ment reaffirm the durability of pain
relief afforded by vertebroplasty in
these earlier reports. Verbal pain
scores documented significantly di-
minished back pain at 2 weeks (P �
.0001) and at long-term follow-up
when compared again to baseline (P �
.0001). Long-term follow-up, per-
formed 15–18 months after treatment,
documented continued satisfaction
with treatment results in 22 of 23 pa-
tients responding. Comparison of
long-term follow-up pain scores to the
verbal pain scores at 2 weeks showed
no statistically significant difference (P
� .4492), demonstrating the durability
of pain relief achieved by PPV.

An increased incidence of vertebral
fractures has been documented in pa-
tients with diminished bone mass and
preexisting vertebral fractures. Differ-
ences of 2 standard deviations in bone
mass between groups were associated
with an increase in risk of new frac-
tures of as much as 16 fold. The pres-
ence of a single vertebral fracture at
baseline examination was associated
with a five-fold increase in risk,
whereas the presence of two or more
fractures at baseline increased the risk
of new vertebral fracture by 12 times.
Women with both low bone mass and
two preexisting fractures at baseline
were as much as 75 times more likely
to develop new fractures when com-
pared to the lowest risk groups (45).
During their mean follow-up of 281
days in 26 patients, Jensen and Dion
(22) reported that seven of eight pa-
tients who experienced recurrent back
pain were discovered to have new ver-
tebral fractures at untreated levels; the
eighth patient had refractured a previ-

ously treated but inadequately filled
vertebral body. In another series, five
of 20 patients had pain related to new
vertebral collapse at untreated levels
(23). Grados et al (24) reported at least
one new fracture in 13 of 25 patients
(52%), and 34 new fractures in total,
when their patients were followed for
a mean of 48 months; the odds ratio
for a new vertebral fracture in the vi-
cinity of a treated vertebral body was
2.27 (95% CI: 1.11–4.56) compared to
1.44 (95% CI: 0.82–2.55) for new frac-
tures in the vicinity of an untreated
vertebral fracture. Whether PPV truly
increases the risk of compression frac-
ture adjacent to treated vertebrae re-
mains to be determined and is a topic
for study in larger series. There were
no new fractures in any of our patients
within the first 2 weeks after PPV. Fif-
teen of 23 patients responding to long-
term follow-up in our study reported
some degree of back pain; three pa-
tients had experienced new vertebral
fractures at untreated levels.

MODEMS, the Musculoskeletal
Outcomes Data Evaluation and Man-
agement System, is the outcomes pro-
gram of the American Academy of Or-
thopedic Surgeons. MODEMS was
developed in 1995 in conjunction with
the Council of Musculoskeletal Spe-
cialty Societies and the Council of
Spine Societies, and was initially con-
ceived as a large-scale practice data-
base. Although the database currently
lacks funding for continued patient
enrollment, the questionnaires have
been thoroughly tested for validity, re-
liability, and sensitivity, and “perform
as well as or better than the SF-36 in
describing and classifying patients
with musculoskeletal complaints”
(25). The MODEMS questionnaires
have been used as a basis for assessing
pain, function, and patient satisfaction
in adults undergoing spinal surgery
(26), and have been used to compare
long-term results in patients undergo-
ing spine surgery versus bracing (27).
As such, this outcome measure is ide-
ally suited to evaluate the efficacy of
musculoskeletal interventions such as
PPV. MODEMS was designed for
comparison of a specific clinical pop-
ulation against a large, national out-
comes database, or to track the out-
comes of a specific population within
a single clinic or practice such as our
series of patients undergoing PPV.

In evaluating our patients’ re-

sponses to the MODEMS question-
naire, we analyzed the results of four
specific modules: pain and disability,
treatment expectations and satisfac-
tion, mental function, and physical
function. Responses to the MODEMS
spine questionnaire were analyzed
with use of a paired t-test. There was
clear significant improvement in all
four modules. The latter two modules
are components of the SF-36, a well-
established and validated health sta-
tus survey. The entire SF-36 is con-
tained within the MODEMS spine
questionnaire. As documented in
more than 750 publications, the SF-36
has been proven useful in monitoring
general and specific populations, com-
paring the burden of different dis-
eases, differentiating the health bene-
fits produced by different treatments,
and in screening individual patients.
The reliability of the SF-36 has been
estimated with use of both internal
consistency and test–re-test methods.
With rare exceptions, published reli-
ability statistics have exceeded the
minimum standard of 0.70 recom-
mended for measures used in group
comparisons; most have exceeded
0.80. Reliability estimates for physical
and mental summary scores usually
exceed 0.90 (28–30). The SF-36 has
been specifically recommended for the
evaluation of patients with back pain
(46,47) or undergoing spine surgery
(48,49), and has been used previously
to study quality of life and functional
impairment in women with osteopo-
rotic vertebral fractures (50). The SF-36
has also recently been used to study
the outcomes of another new percuta-
neous spine treatment for discogenic
low back pain (51), as well as the out-
comes in patients undergoing lumbar
disc surgery (52) and lumbar spinal
fusion (53).

The advanced age of our cohort
(mean, 79 y) predisposed our patients
to multiple medical problems, and in
some cases, terminal intercurrent ill-
nesses. Determining the whereabouts
and health status of these 30 patients
required diligence and persistence. Ul-
timately, all patients were accounted
for, and 23 were able to provide reli-
able answers that reflected durable ef-
ficacy of vertebroplasty in relieving
pain from vertebral compression frac-
tures. Difficulties that we encountered
in following elderly patients for long-
term follow-up will likely affect any
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study of PPV for senile osteoporosis.
Of the 40 patients treated by Grados et
al (24) between January 1990 and April
1996, 15 were unavailable for fol-
low-up in 1997; at least 10 had died
from cardiovascular causes 6 months
or more after PPV. In fact, the high
mortality rate and incidence of concur-
rent illness in such an elderly cohort of
patients suggests that future analyses
of the efficacy of PPV should continue
to focus on quality of life in the short
and intermediate term, perhaps within
the first 12 months after treatment,
rather than several years later.

The excellent results obtained in
our patients, and the lack of serious
complications, may be partially attrib-
uted to the fact that all cases were
performed by a single experienced op-
erator. PPV should only be performed
by physicians who have been allowed
to observe the procedure and who
have had the opportunity to train with
another experienced operator. The
ability to perform the procedure on
cadavers before clinical application
may be of significant additional
benefit.

We believe that careful patient se-
lection is essential to the success of
PPV. All our patients were seen in
consultation before the procedure.
Many patients with osteoporosis will
have multiple vertebral body com-
pression deformities, not all of which
require treatment with PPV. An exam-
ination under fluoroscopy is helpful to
ascertain that the painful vertebral
body can be localized and identified.
In a substantial portion of our cases,
treatment at multiple levels was indi-
cated (14 of 30 patients; 47%) and was
performed in single or multiple treat-
ment sessions. At all treated levels,
careful physical examination under
fluoroscopy confirmed the clinical rel-
evance of a radiographic vertebral
compression deformity.

Intraosseous venography was per-
formed in all cases before instillation
of PMMA to predict the flow of ce-
ment; the utmost attention was given
to detect migration of contrast mate-
rial or PMMA beyond the confines of
the vertebral body during injection.
With significant additional experience,
we no longer perform venography as
part of our standard routine, but re-
serve its use for selected cases such as
those with fracture of the posterior
vertebral cortex.

Previously reported complications
of the procedure have included epi-
dural or foraminal extravasation of
PMMA (12,14); however, the need for
subsequent surgical intervention is
rare (12). There was no clinically sig-
nificant epidural or foraminal extrav-
asation in any of our patients, all of
whom had a limited CT scan of the
operative level performed within 3
hours after PPV. Radiographic (CT)
evidence of epidural extravasation in
one patient was mild and was not ac-
companied by immediate or delayed
complaints suggesting neurologic def-
icit. No intervention was required.
Discitis, osteomyelitis, or epidural in-
fection did not occur in any of our
patients. One patient who experienced
a small pulmonary embolism 6 days
after PPV required hospitalization, but
had a good clinical recovery. There
was no evidence at the time of the
procedure or on subsequent chest ra-
diographs to suggest that there had
been pulmonary embolization of opac-
ified PMMA. We believe that the res-
toration of mobility after PPV in this
patient may have dislodged fragments
of lower extremity deep venous
thrombosis that could have formed
during the several weeks of bedrest
preceding our intervention. This sug-
gests that physicians performing PPV
should be familiar with the signs of
deep venous thrombosis, and careful
examination should be performed at
the time of intervention.

A variety of needle trajectories may
be chosen to access the fractured ver-
tebral body. Safe needle placement un-
der fluoroscopy must avoid not only
the spinal canal and exiting nerve
roots, but also the center of the poste-
rior portion of the vertebral body,
where there may be a higher likeli-
hood of entering a large channel of the
basivertebral plexus (Fig 3). For that
reason, we favor a transpedicular ap-
proach, when possible, over a postero-
lateral approach to avoid the central
venous plexus. We perform the proce-
dure in a dedicated imaging suite; we
believe that portable fluoroscopic
equipment most often used in the op-
erating room typically produces live
images that are inferior in quality
compared to stationary C-arm equip-
ment. This, in addition to overlying
bowel gas and other visceral struc-
tures, may hamper the visual detec-

tion of PMMA extravasation in the op-
erating room setting.

The same technique used for PPV
may be adapted to the delivery of
other osteoconductive or osteoinduc-
tive materials such as hydroxyapatite,
collagen, tricalcium phosphate, or
bone morphogenetic proteins. In addi-
tion, several companies are working to
develop other structural cements with
increased opacification and compres-
sive strength compared to PMMA.
Protocols for clinical trials of some of
these agents are currently in
preparation.

In experienced hands and with ap-
propriately selected patients, PPV is a
safe and efficacious procedure for the
treatment of pain and disability asso-
ciated with osteoporotic compression
fractures. Patient satisfaction is high.
This prospective study with long-term
follow-up is the first to use a recog-
nized outcome scale designed specifi-
cally by orthopedic surgeons to assess
the results of surgical spine interven-
tions. The results of follow-up after
15–18 months demonstrate the dura-

Figure 3. Transaxial schematic drawing
demonstrates the trajectory and position of
an 11-gauge bone marrow needle for PPV.
The needle courses along the long axis of
the pedicle, parallel to the surrounding cor-
tices. On the lateral view, the needle tip
should be positioned at the junction of the
anterior and middle thirds of the vertebral
body. In the frontal projection, the tip
should lie within the lateral third of the
vertebra. The central portions of the verte-
bral body should be avoided to minimize
the chance of epidural PMMA migration
that can occur with injection directly into
the basivertebral plexus.
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bility of pain relief provided by PPV.
The excellent outcomes and low inci-
dence of complications suggest that
PPV may even be considered early in
the acute phase for treatment of verte-
bral compression fractures in patients
who are at increased risk of thrombo-
phlebitis, pneumonia, or decubitus ul-
cer, or who face other urgent needs to
return to full mobility as quickly as
possible. Further investigation is re-
quired to determine whether verte-
brae adjacent to levels treated with
PPV are truly at increased risk for sub-
sequent fracture.
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