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Prospective Analysis of Clinical Outcomes after
Percutaneous Vertebroplasty for Painful
Osteoporotic Vertebral Body Fractures

Huy M. Do, Brian S. Kim, Mary L. Marcellus, Lisa Curtis, and Michael P. Marks

BACKGROUND AND PURPOSE: Previous studies have retrospectively reported the positive
effects of percutaneous vertebroplasty. The purpose of our study was to evaluate prospectively
the effects of vertebroplasty on mobility, analgesic use, pain, and SF-36 (short-form 36-item)
scales for patients with painful vertebral compression fractures that are refractory to medical
therapy.

METHODS: We prospectively followed 167 patients who received 207 vertebroplasty treat-
ment sessions for stabilization of 264 symptomatic vertebral compression fractures between
August 1999 and January 2003. The average age of patients was 74.6 years (SD � 12.2 years),
and 76% were women. Pre- and postprocedural measurements of pain, mobility, analgesic use,
and SF-36 scales were compared at 1 month after the procedure and between 6 months and 3
years after the procedure with the SF-36 scales.

RESULTS: Respective pre- and post-treatment pain scores were 8.71 (SE � 0.1) and 2.77
(SE � 0.18; P < .00001). Respective pre- and post-treatment analgesic use scores were 2.93
(SE � 0.9) and 1.64 (SE � 0.09; P < .00001). Respective pre- and post-treatment activity levels
were 2.66 (SE � 0.1) and 1.64 (SE � 0.11; P < .00001). There was a statistically significant
improvement on nine of 10 SF-36 scales (P < .001) after 1 month and on eight of 10 SF-36 scales
(P < .02) at long-term follow-up.

CONCLUSION: Percutaneous vertebroplasty offers statistically significant benefits in de-
creasing pain, decreasing use of analgesics, and increasing mobility in appropriately selected
patients. Percutaneous vertebroplasty also offers a statistically significant benefit in most SF-36
scales at both short- and long-term follow-up.

Vertebral compression fracture associated with os-
teoporosis is an increasingly common problem, with
approximately 700,000 osteoporotic related vertebral
fractures occurring each year (1). Symptomatic verte-
bral fractures currently account for �150,000 hospi-
talizations, 161,000 physician office visits, more than
five million restricted activities days annually among
Americans �65 years of age and affect 25% of post-
menopausal women (2, 3). The lifetime risk of symp-
tomatic vertebral fracture is 16% for white women
and 5% for white men (2). It is estimated that the
severity of osteoporosis and its clinical consequences
such as hip and other fragility fractures will increase

fourfold in the next half century because of increases
in worldwide population and longevity (1).

Traditional medical therapy of vertebral body com-
pression fractures includes analgesics, immobiliza-
tion, muscle relaxants, physical therapy, and the use
of external bracing. Percutaneous vertebroplasty has
emerged as a viable alternative, especially in those
patients who are refractory to conservative treatment.
Since its introduction, there has been multiple case
series in the medical literature reporting high success
rates with percutaneous vertebroplasty in the treat-
ment of vertebral compression fractures related to
various etiologies (2, 4–11). More recent studies have
retrospectively evaluated the short-term benefits of
percutaneous vertebroplasty on various functional
scales and have prospectively evaluated the short-
term benefit of percutaneous vertebroplasty on pain
scale (12–14).

Our study prospectively evaluated whether percu-
taneous vertebroplasty offered a statistically signifi-
cant improvement on mobility, analgesic use, and
pain scale for patients with painful osteoporotic ver-

Received October 26, 2004; accepted after revision December
13.

From the Department of Radiology, Stanford University, Stan-
ford, CA.

Address reprint requests to Huy M. Do, Department of Radiol-
ogy, Section of Neuroradiology, Stanford University Medical Cen-
ter, 300 Pasteur Drive, Stanford, CA 94305-5105.

© American Society of Neuroradiology

AJNR Am J Neuroradiol 26:1623–1628, August 2005

1623



tebral compression fractures that are refractory to
medical therapy. Our study also prospectively evalu-
ated whether percutaneous vertebroplasty offered
any statistically significant improvement on various
SF-36 (short-form 36-item) scales.

Methods

Patient Population
The average age of patients was 74.6 years (SD � 12.2

years). Seventy-six percent (127/167) of the patients were women,
and 24% (40/167) were men (Fig 1). A total of 167 patients were
enrolled in the study, with 35 (21%) patients receiving two or
more vertebroplasty treatment sessions to comprise a total of
207 vertebroplasty treatment sessions (Fig 2).

Patient Selection
All patients had osteoporotic compression fractures that

were refractive to medical therapy, which consisted of a com-
bination of bed rest, pain medication, muscle relaxant medica-
tion, external braces, and physical therapy. All patients had
imaging evidence of compression fracture(s) with pain local-
ized to the fracture level(s) and presented within 4 months of
the fracture (range, 2 weeks to 4 months). Although we would
entertain treating patients with more chronic fractures, none of

our patients had symptomatic fractures that were older than 4
months. Disqualifying conditions included patients with pain
thought to be due to herniated disks and/or spinal stenosis,
fractures that responded to medical therapy, and the presence
of any systemic or spinal infection.

Percutaneous Vertebroplasty Procedure
Percutaneous vertebroplasty procedures were performed at

our institution and done in a consistent manner. The patient
was placed in a prone position on an angiography table and 1 g
of prophylactic intravenous cephazolin was given 30 minutes
before the procedure (15). The fractured vertebral body was
isolated on both true anteroposterior (AP) and lateral planes.
The pedicle was isolated on the lateral plane for positioning in
the inferior superior plane and under AP oblique fluoroscopy
for a lateral to medial approach. Conscious sedation with in-
travenous fentanyl and midazolam and local anesthesia with
0.25% bupivacaine were administered followed by placement
of an 11- or 13-gauge needle with an inner stylet (Parallax
Medical/ArthroCare, Sunnyvale, CA), which was then ad-
vanced through the pedicle into the vertebral body under bi-
planar fluoroscopic guidance. Targeted placement of the nee-
dle tip was in the anterior third of the vertebral body near or
across the midline. Polymethylmethacrylate (PMMA) was then
prepared and injected by using a vertebroplasty injection sys-
tem (Parallax/ArthroCare). Before 2001, patients were treated
with Codman Cranioplastic, type 1 (slow setting) PMMA

FIG 1. Patient demographics, by gender
and age.

FIG 2. Left, Percentage of vertebro-
plasty treatment sessions for one, two,
and three fractures. Right, Percentage of
patients receiving one, two, or three or
more treatment sessions.
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(CMW Laboratories, Blackpool, England), and sterile barium
sulfate powder (EZ-EM, Westbury, NY). Since 2001, patients
were treated with Secour Vx PMMA and TRACERS sterile
barium opacifying agent (Parallax/ArthroCare). After the pro-
cedure, the patients were asked to remain supine for 2 hours to
allow for complete curing of the PMMA and for the anesthesia
to wear off. All patients were seen and examined by a member
of the treating team and deemed medically stable before
discharge.

Data Collection
Between August 1999 and January 2003, 167 patients had

207 vertebroplasty treatment sessions to treat 264 painful ver-
tebral compression fractures. Before the procedure, institu-
tional review board approval and patient informed consent
were obtained. Pain, mobility, and analgesic use scores were
obtained from all patients by phone, mail, or during clinic visits
before receiving vertebroplasty. Information on pain, mobility,
and use of analgesics was obtained from between 138 and 143
(83%–86%) patients 1 month after the procedure depending
on the scale.

The visual analog pain scale was scored from 0 to 10, with 0
representing no pain and 10 representing the worst pain in the
patient’s life. Mobility scale was scored from 0 to 5, with 0
representing full activity, 1 walking with assistance, 2 walking
with assistance for short periods, 3 walking with assistance for
activities of daily living/appointments only, 4 confined to a
wheelchair when upright, and 5 bedridden. Analgesic use scale
was scored from 0 to 5, with 0 representing no analgesic use, 1
aspirin, Tylenol, nonsteroidal anti-inflammatory drugs, 2 pre-
scription non-narcotics, 3 oral narcotic as needed, 4 oral nar-
cotic scheduled, and 5 parental narcotic.

The SF-36 scale used in our study is a 36-item questionnaire
that has been used in clinical practice, research, health policy
evaluations, and general population surveys. The SF-36 scale
assessed 10 health scales, including (1) limitations on physical
activities because of health problems (physical-functioning
scale); (2) limitations on social activities because of physical or
emotional problems (social-functioning scale); (3) limitations
on usual role activities because of physical health problems
(role physical scale); (4) bodily pain scale; (5) general mental
health scale (psychological distress and well-being); (6) limita-
tions in usual role activities because of emotional problems
(role emotional scale); (7) vitality (energy and fatigue) scale;
(8) general health perceptions (general health scale); (9) phys-
ical summary scale; and (10) mental summary scale.

Preprocedural SF-36 scale data were obtained from 106
(65%) of the 167 patients. Patients who were excluded included
those who spoke limited English, who were not cognitively
intact, or who refused to fill out the survey. One month after
the procedure, SF-36 scale surveys were sent out by mail to
those individuals who did not fall into the exclusion criteria
stated above, and 92 (55.1%) survey responses were received.
Between December 2002 and April 2003, SF-36 scale surveys
were mailed again and 79 (47.3%) survey responses were re-
ceived. By the time of long-term follow-up, 18 patients had died
whereas no patients died by the time of short-term follow-up.
None of these deaths was thought to be directly related to the
vertebroplasty procedure. The long-term follow-up dates
ranged from 6 months to as long as 3 years after the procedure.
SF-36 scale data were in general more difficult to obtain than
pain, analgesic use, and mobility scale data because of loss of
contact information at long-term follow-up, death, language
barriers, dementia, and patient ambivalence.

Statistical Analysis
Preprocedural and postprocedural measurements on pain,

mobility, and analgesic use were compared by using multivari-

able statistical analysis. SF-36 scales were scored by using the
SF-36 scale survey manual and interpretation guide.

Results
Vertebral compression fractures treated in our

study extended from T4 to L5 (Fig 3). Our study
found that T8 (n � 25), T12 (n � 39), and L1 (n � 44)
were the most commonly fractured vertebral levels
(108/264 [41%]). Seventy-three percent (151/207) of
vertebroplasty treatment sessions involved treatment
of only one symptomatic fracture. Twenty-five per-
cent (52/207) of vertebroplasty treatment sessions in-
volved treatment of two simultaneously symptomatic
fractures. Thirty-two of 52 (62%) of these treatment
sessions involved stabilization of adjacent fractures.
Two percent of vertebroplasty treatment sessions
(4/207) involved treatment of three symptomatic frac-
tures (Fig 2). Seventy-nine percent (132/167) of pa-
tients required only one vertebroplasty treatment ses-
sion. Seventeen percent (29/167) of patients needed a
second vertebroplasty procedure to treat a fracture at
either an adjacent or remote level. Eighteen (18/29
[62%]) of these patients had new fractures at an
adjacent vertebral level, whereas 38% had a fracture
separated by two or more vertebral levels from the
original fracture. No patients experienced progressive
compression of a previously treated fracture level. We
did not find a statistically significant difference in
terms of whether new fractures occurred above or
below the previous fracture level. Three percent of
patients (5/167) returned for two additional vertebro-
plasty treatment sessions for new fractures. One pa-
tient required five total vertebroplasty treatment ses-
sions (Fig 2).

Pretreatment pain score average was 8.71 (SE �
0.1), whereas 1-month post-treatment pain score av-
erage was 2.77 (SE � 0.18; P � .00001; t � 28.97).
Pretreatment analgesic use average was 2.93 (SE �
0.09), whereas 1-month post-treatment analgesic use
average was 1.64 (SE � 0.09; P � .00001; t � 10.35).
Pretreatment activity level average was 2.66 (SE �
0.1), whereas 1-month post-treatment activity level
average was 1.46 (SE � 0.11; P � .00001; t � 9.13)
(Fig 4).

FIG 3. Distribution of vertebral body fractures and treatment
levels.

AJNR: 26, August 2005 PERCUTANEOUS VERTEBROPLASTY 1625



When comparing pre- and postvertebroplasty
scores at 1-month follow-up on the 10 SF-36 health
scales, we found improvement of 10.39 points (P �
.0001) on the physical-functioning scale, improve-
ment of 22.73 points (P � .0001) on the role physical
scale, improvement of 25.97 points (P � .0001) on the
bodily pain scale, improvement of 16.92 points (P �
.0001) on the vitality scale, improvement of 23.72
points (P � .0001) on the social-functioning scale,
improvement of 29.00 points (P � .0001) on the role
emotional scale, improvement of 12.31 points (P �
.0001) on the mental health scale, improvement of
3.36 points (P � .0007) on the physical summary
measure scale, and improvement of 9.14 points (P �
.0001) on mental summary score scale (Table 1).
There was no statistically significant improvement on
the general health scale. When comparing preverte-
broplasty and long-term follow-up vertebroplasty
scores on all 10 SF-36 health scales, we found im-
provement of 13 points (P � .0004) on the physical-
functioning scale, improvement of 22.27 points (P �
.0001) on the role physical scale, improvement of
23.58 points (P � .0001) on the bodily pain scale,
improvement of 18.09 points (P � .0001) on the
vitality scale, improvement of 19.32 points (P �
.0001) on the social-functioning scale, improvement
of 8.44 points (P � .0092) on the mental health scale,
improvement of 5.50 points (P � .0005) on the phys-
ical summary measure scale, and improvement of 5.40
points (P � .0151) on the mental summary score scale
(Fig 5). There was no statistically significant improve-
ment on the general health scale and role emotional
score scale.

In summary, nine of 10 SF-36 health scales showed
statistically significant improvement when comparing
prevertebroplasty to 1-month follow-up scores,
whereas eight of 10 SF-36 health scales showed sta-
tistically significant improvement when comparing
prevertebroplasty to long-term follow-up scores.
There were no major complications secondary to the
vertebroplasty procedure. There was no worsening of
pain, systemic infection, pulmonary embolism, or
transient or permanent neurologic injury.

Discussion

Our study is unique in that it prospectively ana-
lyzed and showed in a large cohort the benefits of
percutaneous vertebroplasty on mobility, pain, anal-
gesic use, and SF-36 scales. Although there have been
case series and retrospective studies evaluating the
short-term benefits of percutaneous vertebroplasty
(2, 4–14), few reports have attempted to evaluate any
long-term benefits that vertebroplasty may offer (13,
16). Evans et al performed a retrospective multi-
center study of 488 consecutive patients undergoing
vertebroplasty of which 245 patients were interviewed
comprising a 50% response rate (12). Their study
currently provides the strongest support for the clin-
ical benefits of vertebroplasty as they found statisti-
cally significant short-term benefits on pain, ambula-
tion, and ability to perform daily activity scales.
McGraw et al performed a smaller prospective study
with 100 patients that showed benefits in pain scale,
but did not evaluate any other scales (13). Zoarski et
al prospectively evaluated the long-term outcomes of
vertebroplasty in 30 patients by using a MODEMS
(musculoskeletal outcomes data evaluation and man-
agement scale) and pain scale (16) and found statis-
tically significant benefits on both scales. Our report,
to our knowledge, is the largest prospective study that
attempts to address long-term benefits of vertebro-
plasty with the use of a standardized SF-36 health
scale in addition to short-term benefits with the use of
SF-36 health, pain, analgesic, and mobility scales.
Other strengths of our study include our high patient
response rate and the prospective design of the study,
creating less recall bias and adding further validity to
the results of our report.

We found that T8, T12, and L4 were the most
commonly fractured levels in our study. This obser-
vation is consistent with previous epidemiologic stud-
ies that have evaluated the incidence and clinical
profile of osteoporotic vertebral compression frac-
tures (17, 18). We found that 62% of vertebroplasty
treatment sessions that treated two contemporaneous
symptomatic fractures involved stabilization of frac-

FIG 4. Graph comparing scores on pain
and active scales prior to vertebroplasty
and 1 month after vertebroplasty.
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tures at adjacent levels in the primary treatment ses-
sion. Similarly, in 62% of patients needing a second
treatment session for new fractures, fractures oc-
curred at an adjacent level. Thus, in our study, the
rate of adjacent fractures was similar in the group of
patients who presented with two fractures compared
with patients who presented with new adjacent frac-
tures after having received prior vertebroplasty. Our
data are broadly consistent with prior studies, which
suggest that percutaneous vertebroplasty does not
increase the risk of adjacent vertebral fracture devel-
opment (19, 20).

Although percutaneous vertebroplasty has emerged
as a viable treatment option for osteoporotic vertebral
compression fractures that are refractory to medical
therapy, it is still important to be aware of the pro-
cedure’s potential clinical complications. When re-
viewing all major vertebroplasty series in well-trained
hands, the clinical complication rate ranges from 1%
to 10%, with osteoporotic patients having a compli-
cation rate of approximately 1%–3%, hemangioma
patients having a 5% complication rate, and patients
with metastases to the vertebra having a 10% compli-
cation rate (5). It should be stressed that, when well-
trained physicians perform vertebroplasty to treat
osteoporotic vertebral compression fractures, compli-
cation rates can be �1%. None of the 167 patients in
our study had clinical complications following their
vertebroplasty procedures. Potential clinical compli-
cations of percutaneous vertebroplasty that have been
documented in case reports and case series in the
medical literature include infection, bleeding, back
pain, rib fracture, pulmonary embolism, pneumotho-
rax from punctured lung, transient arterial hypoten-
sion, fever, optic neuritis, and various other neuro-
logic complications (5, 7, 21–27).

One of the limitations of our study was that SF-36
scale data were difficult to obtain in many patients,
because of the complexity of the questionnaire, lan-
guage barriers, death, loss to follow-up, and patient
apathy. We had a 56% overall response rate of SF-36
scale surveys. Our study’s 85%–90% overall response
rate of pain, mobility, and analgesic use scales was
significantly higher than the 50% response rate found

in the Evans et al study that also used these scales
(12). Because 11% of our patients had died at the
time of long-term follow-up, it is possible that these
patients did not gain as many long-term benefits as
those patients that survived. Although patient deaths
may have affected our long-term follow up data, they
did not affect our short-term follow-up data because
no patients died between the procedure and 1-month
follow-up. Another potential limitation of this study
was that we did not have a consistent time period for
long-term SF-36 scale survey follow-up as the long-
term follow-up time intervals varied from 6 months to
3 years. Nevertheless, this information can be used to
extrapolate whether the beneficial effects of vertebro-
plasty decrease with time or whether the benefits
remain relatively stable after 6 months. A final disad-
vantage of our study was that we did not have a
medical treatment comparison group, which points to
the need for a double-blinded randomized controlled
trial. Some of our patients were treated after having
received a trial of medical therapy by the referring
primary physicians. Because the length of time of
conservative therapy before vertebroplasty treatment
can range from several weeks to several months, there
was a lack of uniformity in the conservative treatment
group in our study. As a result, this did not allow for
our patients to serve as their own controls.

Conclusion
Our prospective study indicates that percutaneous

vertebroplasty offers statistically significant benefits
in decreasing pain, decreasing use of analgesics, and
increasing mobility in appropriately selected patients.
Vertebroplasty also offers statistically significant ben-
efits on most SF-36 health scales, and these benefits
do not appear to decrease with long-term follow-up,
which suggests that this technique is durable and
offers significant long-term benefit in appropriately
selected patients.
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