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Significantly Fewer Refractures After Vertebroplasty in Patients
Who Engage in Back-Extensor–Strengthening Exercises

ORIGINAL ARTICLE

OBJECTIVE: To determine whether patients with osteoporotic com-
pression fractures would have decreased fracture recurrence or
a longer time before refracture after percutaneous vertebroplasty
(PVP) if they also participated in the Rehabilitation of Osteoporosis
Program–Exercise (ROPE) instruction, which includes back-
strengthening exercises.

PATIENTS AND METHODS: We reviewed and collected data from
the medical records of 507 patients with osteoporosis who were
treated at Mayo Clinic's site in Rochester, MN, from July 1, 1998,
through August 31, 2005. Patients older than 55 years with at
least 1 radiographically confirmed nontraumatic vertebral com-
pression fracture (VCF) were identified, and those with evidence
of secondary osteoporosis, traumatically induced VCF, long-term
oral corticosteroid use, or bone malignancy were excluded. The
remaining 57 patients were categorized into 3 groups: those
receiving treatment with ROPE only (n=20), PVP only (n=20), or
both PVP and ROPE (n=17). The end point was the refracture date
or date of the last recorded follow-up if no refracture occurred.
Statistical analysis of time-to-recurrence data was performed us-
ing the Kaplan-Meier method and the log-rank test (P<.05).

RESULTS: The median time before refracture for patients treated
with PVP was 4.5 months (95% confidence interval [CI]), 1.4-9.3
months; for patients treated with ROPE only, 60.4 months (95%
CI, 27.6 months-upper limit undefined); and for patients treated
with PVP-ROPE, 20.4 months (95% CI, 2.8 months-upper limit
undefined) (P<.001).

CONCLUSION: This retrospective study showed that a targeted
exercise program after PVP significantly decreased fracture recur-
rence. Refracture rates also were lower in the ROPE-only group vs
the PVP-only group.
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BMD = bone mineral density; CI = confidence interval; PVP = percutane-
ous vertebroplasty; ROPE = Rehabilitation of Osteoporosis Program–
Exercise;  VCF = vertebral compression fracture
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Osteoporosis is associated with decreased bone
strength that markedly increases the risk of vertebral

compression fractures (VCFs).1 Fractures can remain asymp-
tomatic, or they can be detected when a patient’s posture is
kyphotic or when a patient is evaluated radiographically for
unrelated conditions.2 Only one-third of patients with os-
teoporotic VCFs seek medical attention for back pain
symptoms.2,3 However, of those symptomatic VCF pa-
tients, a considerable number have severe and intractable
pain that is unresponsive to activity modification, bracing,
or pain medication.

Percutaneous vertebroplasty (PVP) is a minimally inva-
sive procedure that has been used to treat intractable pain
associated with both acute4-6 and chronic7 osteoporotic

VCFs. The range of pain reduction in response to this
intervention is reported to be 17% to 93%.4,7,8 However,
post-PVP symptomatic refractures are common.9-12 Few
published studies examining the rate of refracture have
compared patients undergoing PVP with those treated with
rehabilitative measures. A study by Diamond et al4 com-
pared PVP with conservative care but did not evaluate back-
strengthening exercises (conservative measures consisted
mainly of analgesic therapy).

Little is known about the effects of exercise on refrac-
ture rates for patients with osteoporosis who are treated
with PVP. Percutaneous vertebroplasty can result in imme-
diate pain relief,4,6 but it also is associated with refracture at
adjacent vertebrae within the first year after the proce-
dure.9,10,13 Previous studies have shown that exercise re-
duces the risk of vertebral and nonvertebral fractures.14-16

In several studies, Sinaki et al15,17-20 showed that healthy,
postmenopausal women who engaged in back-extensor–
strengthening exercises had less risk of falling and a lower
incidence of VCF and lower back pain. None of these
studies specifically addressed women with osteoporosis
who had undergone PVP.

The Rehabilitation of Osteoporosis Program–Exercise
(ROPE) instruction incorporates isometric back-extensor
muscle strengthening and proprioceptive postural retrain-
ing.17-19,21-23 We hypothesized that targeted back-extensor
exercises, such as those found in the ROPE program, could
benefit  patients with osteoporosis and PVP-treated VCFs
by decreasing the refracture rates or increasing the time
before refracture.

PATIENTS AND METHODS

Before initiation of this study, the approval of the Mayo
Clinic Institutional Review Board was obtained. A diagno-
sis-specific list of patients was used to identify patients with
osteoporosis who were treated at Mayo Clinic’s site in Roch-
ester, MN, from July 1, 1998, through August 31, 2005, and
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the medical records of 507 of these patients were sequen-
tially analyzed. Patients were included in our study if they
were older than 55 years, had a confirmed diagnosis of os-
teoporosis, and had at least 1 nontraumatic VCF. Patients
were excluded (n=450) if we found evidence of secondary
osteoporosis, traumatically induced VCF, long-term oral
corticosteroid use, or bone malignancy. After the desired
number of patients in the PVP (n=20) and ROPE (n=20)
groups was obtained, we focused on obtaining data from
patients who had undergone both interventions. This
proved to be difficult, with an  exhaustive search of hun-
dreds of records yielding few results. To save time, we
discontinued the search for medical records after we ob-
tained data from 17 patients.

Medical records were analyzed to confirm the diagno-
sis of osteoporosis, radiographic proof of VCF, and the
presence or absence of PVP. We recorded the date of the
first medical visit for symptomatic back pain attributable
to VCF or the first radiograph documenting VCF, date of
the PVP procedure, date of the first session of ROPE, and
date of refracture. For patients who did not have a refrac-
ture, the date of the last recorded follow-up visit was
used.

Additional patient data were collected, including sex,
age, height, weight, bone mineral density (BMD) total T
score, femoral neck T score, lumbar spine T score, and use
of antiresorptive medication. Refracture was determined
by symptoms and confirmed by radiography.

STATISTICAL ANALYSES

Statistical analyses were performed with proportional haz-
ards regression. In addition to anthropometric and BMD
data, we analyzed the recorded interval between PVP and
date of refracture and between ROPE initiation and date of
refracture. Comparisons between groups were performed
with analysis of variance. If patient records showed no
evidence of symptoms during the designated study period,
the last follow-up appointment date for osteoporosis or the
date of the most recent spine radiograph was used as the
end date for interval calculations. The Fisher exact test was
used to analyze the antiresorptive medication data. Kaplan-
Meier and log-rank analysis were used to compare the
median time-to-refracture intervals in the PVP, ROPE, and
PVP-ROPE groups. Statistical significance was defined at
P<.05. Data were analyzed using JMP 6 statistical software
(SAS Institute, Cary, NC).

RESULTS

No significant differences in age (P=.72), sex (P=.27),
height (P=.50), weight (P=.26), and BMD total T score
(P=.68) were observed among groups. These variables did

not affect time before refracture: age (P=.39), sex (P=.33),
height (P=.87), weight (P=.10), and BMD total T score
(P=.71). The BMD values for the lumbar spine and femoral
neck are provided in the Table.

We noted that 13 patients (65%) from the ROPE group,
12 (60%) from the PVP group, and 14 (82%) from the
PVP-ROPE group were being treated with various anti-
resorptive medications. The Fisher exact test showed no
association between use of antiresorptive medication and
the presence or absence of refracture in any of the 3 patient
groups (P=.97).

As shown in the Figure, patients in the PVP group had a
median time before refracture of 4.5 months (95% confi-
dence interval [CI], 1.4-9.3 months); patients in the ROPE
group, 60.4 months (95% CI, 27.6 months-upper limit
undefined); and patients in the PVP-ROPE group, 20.4
months (95% CI, 2.8 months-upper limit undefined). Log-
rank analysis revealed a small but statistically significant
difference in time before refracture between the 2 groups
that participated in ROPE (ROPE and PVP-ROPE) (P=.04)
and between these groups and the PVP group (P<.001).

TABLE. Data on BMD for Femoral Neck, Lumbar Spine,
and Total T Scores of the 3 Groupsa

Femoral neck Lumbar spine
Group BMD BMD T score

PVP –2.8 –2.8 –2.8
(–1.5 to –4.3) (–0.3 to –3.8) (–0.4 to –4.5)

ROPE –2.5 –2.7 –2.7
(–1.6 to –4.3) (–0.26 to –4.8) (–1.2 to –4.4)

PVP-ROPE –2.6 –2.6 –2.3
(–1.6 to –4.20) (–1.6 to –5.3) (–1.0 to –3.9)

a Values given as median (interquartile range). BMD = bone mineral
density; PVP = percutaneous vertebroplasty; ROPE = Rehabilitation of
Osteoporosis Program–Exercise.
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FIGURE. Survival plot showing the percentage of patients in each
group with no refracture at various time points (P<.001). PVP =
percutaneous vertebroplasty; ROPE = Rehabilitation of Osteoporo-
sis Program–Exercise.
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Analysis of the refracture data showed that 75% of patients
in the PVP group had a refracture within 12 months. Within
12 months, 5% of patients in the ROPE group and 35% of
patients in the PVP-ROPE group had a refracture.

DISCUSSION

Many of the estimated 44 million people in the United
States with osteoporosis or osteopenia24 will eventually
develop spontaneous, nontraumatic VCFs. In most pa-
tients, VCFs will respond to conservative treatment. How-
ever, for those patients with intractable pain, PVP could be
an effective treatment.21,22,25 Percutaneous vertebroplasty is a
minimally invasive procedure involving the percutaneous
placement of bone cement into the collapsed or partially
collapsed vertebrae. Although this procedure offers imme-
diate pain relief for many patients,4,6,23 it is also associated
with a substantial refracture rate. Most reported refrac-
tures occur within 12 months after the procedure and
affect adjacent vertebrae.9,11 In a recent study of 432 post-
PVP patients at Mayo Clinic, Trout et al26 reported a
19.9% refracture rate. However, the incidence of recur-
rent VCF after PVP varies widely in the literature; most of
these data are derived from retrospective studies.

Recent prospective studies have reported an average
refracture rate after PVP of approximately 20%.10,13 This
rate may be similar to that seen in the general osteoporotic
population, for whom a prior fracture is a strong predictor
of subsequent fracture,3 usually within the first year.10

Posture mechanics, mobility status, or level of decondi-
tioning can be related indirectly to the risk of fracture,
whereas increased activity levels in the post-PVP popula-
tion, lifestyle, and genetics can also influence the rate of
fracture recurrence. Our retrospective data showed a post-
PVP refracture rate higher than many that were reported in
the literature, but the median time before refracture for the
PVP-ROPE group (20.4 months [95% CI, 2.8 months-
upper limit undefined]) was also longer than in prior re-
ports.9,11 For patients with osteoporosis and VCF, exercise
decreases the use of analgesics and improves quality of
life,27 prevents vertebral bone loss,19 and possibly prevents
development of osteoporotic fractures.15  Feskanich et al14

reported decreased risk of hip fractures among postmeno-
pausal women who walked approximately 1 hour per week
at an average pace. In a prospective study by Sinaki et al,15

a reduced incidence of VCFs was observed among healthy,
postmenopausal women who participated in a back-exten-
sor–strengthening program several years before the onset
of osteoporosis.

At our institution, the ROPE program was developed
specifically for patients with osteoporosis who are treated
in the Department of Physical Medicine and Rehabilitation.

In animal models, similar approaches have shown im-
proved bone characteristics, such as fatigue resistance,
strength, bone mineral content, and trabecular number.27-29

In this study, the groups that received ROPE instruction
had longer fracture-free intervals and fewer fractures than
the group that did not participate in ROPE. Although
several patients in each study group were receiving anti-
resorptive therapy, no difference in refracture rate was
observed in these patients. A number of factors could ac-
count for this lack of difference in refracture rate: (1) in
many instances, patients were prescribed antiresorptive
medications after the diagnosis of osteoporosis or VCF was
made; (2) patients had a relatively short duration of drug
treatment; or (3) patients could have had adherence issues
that were not noted in the medical record. Because of these
limitations, no conclusion could be drawn about the effect
of antiresorptive medication use and refracture data in this
study population.

Analysis of variance of the BMD data from our study
showed no significant difference among the 3 groups
(P=.68), suggesting that the improved refracture rates and
the longer time before refracture of the groups receiving
ROPE instruction (ROPE only and PVP-ROPE) were not
directly attributable to BMD.

Our study has several limitations. First, retrospective
studies can inherently introduce investigator bias or other
biases that would be mitigated in randomized controlled
trials. Second, although we screened 507 patient records,
only a small number were included in this study, making
interpretation of the statistical analysis somewhat diffi-
cult. We selected a broad criterion (diagnosis of os-
teoporosis) for the original search because we thought
that it would ensure the capture of the maximum number
of patients meeting both inclusion and exclusion criteria.
Third, one of the patients in the PVP-ROPE group had
undergone PVP at a different Mayo Clinic site. Because
we had a limited number of patients in the combined
PVP-ROPE group, we elected to retain her data but recog-
nize that the inclusion could potentially bias the results.
Additionally, our study included only patients who re-
turned for follow-up, whereas others likely were lost to
follow-up or sought follow-up care at other institutions.
Fourth, magnetic resonance imaging is the best tool for
accurately identifying refractures in the osteoporotic popu-
lation; however, because this was a retrospective study, we
were limited to existing follow-up data, mainly radio-
graphs and documentation by clinicians.  Last, adherence
could influence the outcome of any intervention, but
it was not tracked successfully in this study. Analysis
of adherence in future studies could provide valuable
in-sight into how well the ROPE program reduces
fractures.
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