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BACKGROUND AND PURPOSE: Little is known about the long-term clinical outcomes of sacroplasty, a
relatively new minimally invasive percutaneous procedure for the treatment of sacral insufficiency
fractures. The first purpose of the present study, therefore, was to investigate the effects of sacro-
plasty on pain, mobility, and activities of daily living (ADLs). A second purpose was to compare clinical
outcomes of sacroplasty with those of vertebroplasty, a similar but more established procedure.

MATERIALS AND METHODS: A retrospective case series of 12 patients who had a sacroplasty and a
control group of 21 patients who had undergone a vertebroplasty was conducted. A 12-item ques-
tionnaire and subsequent telephone interview requested each patient to rate the intensity of pain, as
well as the ability to ambulate and perform ADLs, before sacroplasty or vertebroplasty, and at the time
of the interview.

RESULTS: There was a statistically significant decrease in overall self-reported pain, as well as an
increase in self-reported ability to ambulate and perform ADLs after sacroplasty or vertebroplasty.
These improvements were equivalent, regardless of which procedure the patient received.

CONCLUSION: The present study suggests that the treatment of sacral insufficiency fractures with
sacroplasty produces relatively long-lasting improvements in pain, mobility, and the ability to perform
ADLs. These data also suggest that the clinical outcomes of sacroplasty are comparable with those of
vertebroplasty, an accepted and more routinely performed procedure.

Sacral insufficiency fractures are relatively common inju-
ries that are associated with severe and functionally debil-

itating pain.1-7 The current standard of care for people with
sacral insufficiency fractures includes the administration of
analgesics of varying efficacy and, in some patients, prolonged
bed rest.2-5,8,9 It has been reported that sacral insufficiency
fractures may require up to 12 months to heal.4,9 Prolonged
immobilization of elderly patients is known to be associated
with significant risks and complications, including pneumo-
nia, urinary tract infections, and pressure ulcers, as well as
deep venous thrombosis and associated pulmonary embolus.8

Outcomes of conservative management have been mixed in
several reported case series, with some studies reporting recov-
ery in all patients, and others reporting a subset of patients
with longer-term disability.1,2,6,7,10-15 Indeed, one case series
describes poor long-term prognoses in most patients who
were followed clinically after diagnosis and conservative man-
agement of sacral insufficiency fracture.6 In that case series,
the authors report significant complications of immobility
and prolonged hospitalization.6 Other case series also report
costly prolonged hospitalization, with a mean admission of 21
days in 1 report, and up to 60 days in another report.2,14 Func-
tional outcomes after conservative management seem to vary

among case reports. Although some studies report improve-
ments in symptoms, including mobility status, within 3–5
weeks, others report recovery times of several months, with
one case series reporting a return to independent mobility
after an average of 11 months.11,13,15

Sacroplasty, a variant of vertebroplasty, is a relatively new
minimally invasive percutaneous procedure that has been de-
scribed as an alternative to conventional therapy.9,16,17 Many
patients with sacral insufficiency fractures report decreased
pain and increased mobility within hours after sacro-
plasty9,16,17; however, no formal investigation of the longer-
term effects of sacroplasty has been conducted. In contrast,
several prospective and retrospective investigations of verte-
broplasty have reported relatively long-lasting decreases in
pain and improvements in the ability to ambulate and per-
form various activities of daily living (ADLs) after the
procedure.18-29

Although sacroplasty is a procedural extension of vertebro-
plasty, it is not as routinely performed, despite the relatively
common occurrence of sacral insufficiency fractures.16,17 This
may be, in part, because of the lack of data regarding func-
tional outcomes after sacroplasty for persons with sacral insuf-
ficiency fractures. Therefore, the first goal of the present study
was to investigate the self-reported effects of sacroplasty by
using a retrospective questionnaire to query for changes in
subjective pain, mobility, and ability to perform ADLs after
the procedure. A second goal of the present investigation was
to compare the clinical outcomes of sacroplasty with the bet-
ter-characterized effects of vertebroplasty.

Materials and Methods
Subjects. Fifteen patients were referred to the Interventional Neu-

roradiology Clinic in the Department of Radiology at Wake Forest

University School of Medicine in Winston-Salem, NC, for sacroplasty
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as a result of failure of conservative therapy. All of these patients were

found to be appropriate candidates for percutaneous treatment and

subsequently underwent a sacroplasty. Each of these patients was el-

igible to participate in this study. Patients who have had a vertebro-

plasty were eligible to participate in the present study if their proce-

dure was performed on the same day that a sacroplasty was conducted

(n � 32), to control for the interval of time posttreatment and oper-

ator variables. The Institutional Review Board for research on human

subjects at Wake Forest University School of Medicine approved this

investigation, and all subjects provided informed consent to partici-

pate in the study.

Questionnaire. Subjects were initially contacted by telephone for

permission to send a 12-item questionnaire to their home address

through the mail. This questionnaire was based on a similar survey,

specifically developed to retrospectively investigate the clinical out-

comes of vertebroplasty.26 The 12-item questionnaire included ques-

tions regarding the date of insufficiency fracture, as well as intensity of

pain, mobility or ambulation, and ADLs.

Subjects were required to recall their overall level of pain and

ability to ambulate and perform ADLs before and after percutaneous

sacroplasty or vertebroplasty. On the questionnaire, pain was mea-

sured with an analog scale: 1, none; and 10, worst.26 Mobility or am-

bulation was measured with a 5-point scale: 1, normal, no pain; 2,

normal, with pain; 3, limited, with pain; 4, wheelchair; and 5, bedrid-

den.26 The ability to perform ADLs was evaluated with a 5-point scale:

1, able to perform ADLs without pain; 2, able to perform ADLs with

mild pain; 3, able to perform ADLs with moderate pain; 4, able to

perform ADLs with severe pain; and 5, unable to perform ADLs be-

cause of pain.26 Therefore, each item on the questionnaire resulted in

an associated score, with a higher number suggesting worse and a

lower number suggesting better status before or after the procedure.

Statistics. We assessed the differences between the sacroplasty and

vertebroplasty groups on demographic variables of age and time since

the procedure with a 2-tailed Student t test. A �2 analysis was con-

ducted to assess for sex differences between the sacroplasty and ver-

tebroplasty groups. Finally, we conducted a 2 (time: preprocedure vs

postprocedure) � 2 (intervention: sacroplasty vs vertebroplasty)

analysis of variance by using each item from the questionnaire as a

dependent measure.

Results
Subjects. A total of 12 (80%) of 15 patients who had un-

dergone a sacroplasty participated in the study, compared
with 21 (65.6%) of 32 patients who had undergone a vertebro-
plasty. Two patients who had the sacroplasty were deceased,
and 1 patient refused to participate. Five patients who had a
vertebroplasty were deceased, 3 refused to participate, and 3
were lost to follow-up.

A total of 11 (91.7%) of 12 patients with sacroplasty and 17
(81.0%) of 21 patients with vertebroplasty completed the en-
tire questionnaire. One patient with sacroplasty and 2 patients
with vertebroplasty failed to respond to one item from the
questionnaire regarding the ability to perform housework or
handiwork before and after sacroplasty or vertebroplasty. One
patient failed to respond to 1 item regarding the ability to
bathe after vertebroplasty. Finally, 1 patient failed to respond
to one item regarding the ability to transfer from a chair after
vertebroplasty.

Demographic characteristics are presented in Table 1.
There was no statistically significant difference between the

sacroplasty and vertebroplasty groups in patient age [t (31) �
�0.31, P � .76]. There was a clear predominance of female
patients in both groups, with no significant difference in sex
distribution between the sacroplasty and vertebroplasty
groups [�2 (1, n � 33) � 0.68, p � .41]. No statistically signif-
icant difference was identified between groups in the time in-
terval since the procedure [t (31) � 0.13, p � .90], which
ranged from 254 –1268 days (median, 647 days) for the sacro-
plasty group, and 247–1261 days (median, 634 days) for the
vertebroplasty group.

Pain, Mobility, and ADLs. For self-reported scores of
overall pain, there was no interaction of procedure � time ([F
(1,62) � 0.001, p � .97]) or main effect of procedure ([F
(1,62) � 0.01, p � .91]). There was, however, a main effect of
time, such that self-reported scores of overall pain were signif-
icantly lower after sacroplasty and vertebroplasty [F (1,62) �
149.32, p � .001] (Fig 1). Changes in self-reported ability to
ambulate and perform each measured ADL also followed this
pattern of statistical significance for both the sacroplasty and
vertebroplasty cohorts. For the self-reported ADL scores,
there was no interaction of procedure � time (walking: [F
(1,62) � 1.54, p � .22]; housework: [F (1,58) � 0.012, p �
.91]; bathing: [F (1,61) � 0.585, p � .45]; transferring from
chair: [F (1,61) � 0.094, p � .76]; transferring from bed: [F
(1,62) � 0.037, p � .85]). There was also no main effect of
procedure on ADL scores (walking: [F (1,62) � 0.353, p �
.56]; housework: [F (1,58) � 0.541, p � .47]; bathing: [F
(1,61) � 0.002, p � .97]; transferring from chair: [F (1,61) �
0.886, p � .35]; transferring from bed: [F (1,62) � 1.820, p �
.18]). However, a main effect of time was demonstrated, such

Table 1: Demographic characteristics of sacroplasty and
vertebroplasty groups

Characteristics Sacroplasty Vertebroplasty
Age* 72 � 13 74 � 13
Gender (n)

Male 1 4
Female 11 17

Days since procedure* 654 � 345 638 � 339

* Data expressed as mean � SD.

Fig 1. Self-reported fracture-associated pain before and after sacroplasty or vertebroplasty.
Patients who had a sacroplasty reported a 65.1% decrease in fracture-related pain after the
procedure. Patients who had a vertebroplasty reported a 65.8% decrease in fracture-related
pain after the procedure.

SPIN
E

ORIGIN
AL

RESEARCH

AJNR Am J Neuroradiol 28:1266 –70 � Aug 2007 � www.ajnr.org 1267



that self-reported ADL scores were significantly lower (im-
proved) after sacroplasty and vertebroplasty (walking: [F
(1,62) � 25.21, p � .001]; housework: [F (1,58) � 29.52, p �
.001]; bathing: [F (1,61) � 61.35, p � .001]; transferring from
chair: [F (1,61) � 96.72, p � .001]; and transferring from bed:
[F (1,62) � 89.20, p � .001]) (Table 2). The lack of a statisti-
cally significant interaction of procedure � time indicates that
the improvement in overall pain was equivalent, regardless of
which procedure the patient received.

Discussion
Insufficiency fractures represent the most severe and poten-
tially devastating complication of osteoporosis, a condition
affecting millions of people.30-33 The incidence of such frac-
tures will likely increase within the rapidly growing population
of elderly people as osteoporosis becomes more prevalent.31,32

Individuals with insufficiency fractures suffer debilitating pain
that often results in loss of functional capacity and diminished
quality of life.34 The current standard of care for treatment of
sacral insufficiency fractures involves pharmacotherapy for
pain, and often prolonged bed rest.35 In particular, bed rest is
known to be associated with such risks as progressive loss of
bone mineralization and muscle mass, as well as the develop-
ment of pneumonia and pulmonary embolism, which may
outweigh the benefits of bed rest for some patients.36-40 Sacro-
plasty is a relatively new minimally invasive percutaneous in-
tervention that provides a treatment alternative to current
therapeutic options. Several case series have reported near-im-
mediate relief of pain and improvement in mobility after the pro-
cedure, similar to reported outcomes of vertebroplasty.9,16,19-22

In the present investigation, patients with sacral insuffi-
ciency fractures retrospectively reported relatively long-last-
ing reductions in pain and increases in the ability to ambulate
and perform various ADLs after the procedure. Indeed, 1 dif-
ference between the present study and the previous investiga-
tions of sacroplasty is the reported duration of effects. In one
case series, the author reports symptomatic improvement in
patients followed for up to 14 weeks after sacroplasty.16 A sec-
ond case series reports symptomatic improvement in patients
followed for up to 9 months post-sacroplasty.9 In our investi-
gation, patients reported decreased pain and increased ability
to ambulate and perform ADLs for a mean duration of more
than 1.5 years (range, 254 –1268 days; median, 647 days) after
undergoing sacroplasty. To our knowledge, this is the longest
follow-up retrospective analysis of the effects of sacroplasty to
date.

The present data also suggest that the effects of sacroplasty
on pain, mobility, and the ability to perform ADLs are similar

to that of vertebroplasty. There was no significant difference
between the sacroplasty and vertebroplasty group on the clin-
ical outcomes measured in this study. These findings parallel
similar investigations of the retrospective and prospective
clinical outcomes of vertebroplasty.18-29

Although these data are encouraging, several limitations
must be discussed. First, the questionnaire used in the present
investigation was based on a similar measure described in a
previous retrospective study of vertebroplasty,26 which has not
been formally validated. This study did not include data from
all patients eligible to participate. Missing data from patients
who refused to participate, were deceased, or were lost to fol-
low-up could have altered the results of this study.

Intrinsic limitations of a retrospective study, such as recall
bias, limited this investigation. It is possible that patient recall
was not accurate, and that subjects included in this study over-
estimated the benefits of their sacroplasty or vertebroplasty
because of inaccurate recollection of their initial state. Many
well-known factors affect accurate pain recall, including inter-
val of time between patient interviews, and patient age, sex,
and current pain status.41-45 Some studies have reported poor
agreement between prospectively and retrospectively col-
lected data regarding pain and disability.46-48 Such studies
question the validity of pain recall, especially for long intervals
of time between follow-up. However, other evidence suggests
that retrospective recall of pain and functional status can be
reasonably accurate and, therefore, useful for the evaluation of
outcomes, even after extended periods of time. Indeed, one
such study that compared more than 100 patients with persis-
tent low back pain demonstrated significant agreement be-
tween the initial report of pain and function and retrospective
recall, despite a 5- to 10-year interval between collections of
data points.41 Such data parallels the findings of similar stud-
ies, which suggests accurate recall for shorter intervals of
time.49

In addition to recall bias, it is possible that the patients in
the present study simply responded in a manner considered to
be pleasing to the investigators, rather than being accurate to
their recollection. Indeed, the study design or questionnaire,
or both, may have been flawed such that patients favorably
rated their outcomes regardless of the treatment rendered (eg,
cementoplasty, medications, or other).

This study was limited because of the absence of control
groups. Although a conservatively managed group of patients
with sacral and vertebral insufficiency fractures exists at our
institution, comparison between these patients and our ce-
mentoplasty groups would not have been appropriate. At our
institution, and at others where sacroplasty is performed, re-
ferrals for sacroplasty are often based on failure of conserva-
tive management. Many patients with vertebral compression
fractures referred for vertebroplasty at our institution also pre-
sented after failure of conservative management. Comparison
of the present group of patients who had failed conservative
management with a group who responded favorably to con-
servative management would have significantly biased the re-
sults. Certainly, a comparison of patients with insufficiency
fractures randomized to cementoplasty or conservative man-
agement would generate valuable data, especially if conducted
in the context of a placebo-controlled and blinded, random-
ized trial. However, given that clinicians are reluctant to con-

Table 2: Ability to ambulate and perform activities of daily living
(ADLs) before and after sacroplasty or vertebroplasty*

ADL

Sacroplasty Vertebroplasty

Before After Before After
Walking/moving 3.0 � 0.4 2.2 � 1.2 3.1 � 0.7 1.8 � 1.0
Housework/handiwork 4.2 � 0.8 2.4 � 1.4 3.9 � 1.4 2.2 � 1.1
Dressing 3.8 � 0.6 1.8 � 0.8 3.7 � 1.1 1.6 � 0.7
Bathing 3.5 � 0.9 1.8 � 0.9 3.7 � 1.3 1.6 � 0.7
Transferring (chair) 3.8 � 0.6 1.8 � 1.0 3.7 � 0.9 1.6 � 0.7
Transferring (bed) 4.0 � 0.6 1.9 � 1.0 3.7 � 1.0 1.7 � 0.7

* Data expressed as mean � SD.
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sider sacroplasty as a first-line treatment for sacral insuffi-
ciency fractures over the accepted strategies of conservative
management, such randomization is not presently possible at
most institutions.

It is important to note that this study was conducted with-
out a sham-procedure control group. As such, the role of the
placebo effect as an explanation for the apparent efficacy of
vertebroplasty and sacroplasty cannot be excluded. Indeed,
only a controlled prospective randomized trial could most ac-
curately establish the true clinical efficacy of sacroplasty and
vertebroplasty, beyond the nonspecific effects of placebo.50,51

The present study suggests that the effects of sacroplasty are
similar to those of vertebroplasty. However, the true clinical
efficacy of vertebroplasty is unknown because no controlled,
prospective randomized trial of vertebroplasty has been com-
pleted to date.25

Sacroplasty offers a minimally invasive percutaneous inter-
vention that may rapidly lessen or alleviate pain without sed-
ative and other side effects of pharmacotherapy. Furthermore,
sacroplasty may allow faster return to mobility and indepen-
dence for some patients than pain medication and bed rest
alone. Although encouraging, the present results fail to parcel
out placebo effects and recall bias, among other limitations. A
blinded and controlled prospective randomized trial would be
required to address questions regarding the true clinical effi-
cacy of sacroplasty more definitively. Such an endeavor might
prove difficult, given the relatively small number of sacroplas-
ties that are conducted each year. Until such a trial can be
conducted, studies of the biomechanical effects of sacroplasty
with engineering methods such as finite element analysis may
provide useful information about the potential mechanical
benefits of sacroplasty, because such benefits may contribute
to patient reports of decreased pain and increased mobility
after sacroplasty.

Conclusion
Bone cement injections of polymethylmethacrylate have be-
come part of the expertise of neuroradiologists. As such, the
development and expansion of the application of this tech-
nique will likely be driven by this subspecialty of radiology.
The present study suggests that the treatment of sacral insuf-
ficiency fractures with sacroplasty is efficacious in relieving
pain and improving the ability to ambulate and perform
ADLs. These data also suggest that the effects of sacroplasty are
comparable with those of vertebroplasty, an accepted and
more commonly performed procedure. That sacroplasty
seems to substantially decrease pain and morbidity associated
with sacral insufficiency fractures may increase interest among
neuroradiologists and other interventionalists in providing
this procedure more routinely.
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