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ABSTRACT

BACKGROUND AND PURPOSE: Sacral insufficiency fractures are a common cause of severe low back pain and immobilization in patients
with osteoporosis or cancer. Current practice guideline recommendations range from analgesia and physical therapy to resection with
surgical fixation. We sought to assess the safety and effectiveness of sacroplasty, an emerging minimally invasive treatment.

MATERIALS AND METHODS: We performed a retrospective review of institutional databases for percutaneous sacroplasty performed
between January 2004 and September 2013. Demographic and procedural data and pre- and posttreatment Visual Analog Scale, Functional
Mobility Scale, and Analgesic Scale scores were reviewed. Overall response was rated by using a 4-point scale (1, complete resolution of
pain; 2, improvement of pain; 3, no change; 4, worsened pain) assessed at short-term follow-up.

RESULTS: Fifty-three patients were included; most (83%) were female. Fracture etiology was cancer-related (55%), osteoporotic insuffi-
ciency (30%), and minor trauma (15%). No major complication or procedure-related morbidity occurred. There were statistically significant
decreases in the Visual Analog Scale (P < .001), Functional Mobility Scale (P << .001), and Analgesic Scale scores (P < .01) in 27 patients with
recorded data: pretreatment Visual Analog Scale (median [interquartile range], 9.0 [8.0-10.0]); Functional Mobility Scale, 3.0 (2.0-3.0); and
Analgesic Scale scores, 3.0 (3.0—4.0) were reduced to 3.0 (0.0-5.8),1.0 (0.25-2.8), and 3.0 (2.0 -3.8) posttreatment. When we used the overall
4-point score at a mean of 27 days, 93% (n = 45) reported complete resolution or improvement in overall pain.

CONCLUSIONS: In this single-center cohort, sacroplasty was a safe and effective procedure. There were significant short-term gains in

pain relief, increased mobility, and decreased dependence on pain medication.

ABBREVIATIONS: AS = Analgesic Scale; FMS = Functional Mobility Scale; PMMA = polymethylmethacrylate; VAS = Visual Analog Scale

S acral insufficiency fractures are a common source of debilitat-
ing pain and immobilization in the elderly population. Typi-
cally seen in the sacral ala or S2 vertebral body, they may result
from osteopenia, osteolysis from cancer metastasis (specifically
postradiation therapy), or trauma.' Most commonly seen in the
osteoporotic elderly female population, sacral insufficiency frac-
tures tend to present with nonlocalized low back pain with or
without radiation to the buttocks. They can be difficult to diag-
nose because most nondisplaced or transverse sacral fractures are
not clearly identified on conventional radiology. Specifically, they
require more advanced imaging with CT, MR imaging, or nuclear
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bone scintigraphy for accurate diagnosis.” As a result, detection
may be delayed for many weeks."

The current standard of care is a short period of bed rest and
analgesia, often with opioid analgesics. Physical therapy to facili-
tate an early return to mobilization is encouraged to avoid phys-
ical deconditioning and associated complications of immobiliza-
tion (venous thrombosis, pulmonary embolism, and pressure
sores). Surgical fixation is generally reserved for patients with dis-
placed dorsal fractures or fracture dislocations. For some patients,
aprolonged conservative approach carries significant risk of mor-
bidity from immobilization and opioid side effects such as respi-
ratory depression, change in mental status, and dependence.3

Percutaneous sacroplasty has emerged more recently as a ther-
apeutic option to reduce pain and facilitate early mobilization.
While there are no randomized controlled trial data to support its
efficacy, observational studies have reported significant reduc-
tions in pain scores and narcotic analgesic requirements, with an
acceptable safety profile.*'" Data on functional mobility out-
comes are more limited. The aim of this study was to evaluate the



FIG 1. Percutaneous CT-guided sacroplasty. Intraprocedural axial CT images during PMMA injection (A and B). The needle tip position is
identified by the presence of beam-hardening artifacts (arrows) with adjacent PMMA deposition. Final postprocedural coronal CT image (C)
reveals satisfactory PMMA deposition (arrows), with no extravasation into the sacral neural foramina.

Table 1: Functional Mobility Scale and Analgesic Scale™

Score Functional Mobility Scale

Analgesic Scale

0 Full activity
Walking with assistance
Walking with assistance for short periods

Confined to a wheelchair
Bedridden

[, T NSOV NS .

Walking with assistance for activities of daily living/appointments only

No pain medication use

Aspirin, acetaminophen (Tylenol), nonsteroidal anti-inflammatory drugs
Prescription nonnarcotics

Oral narcotic as needed

Oral narcotic scheduled

Parental narcotic

Reproduced from Gupta AC, Hirsch JA, Chaudhry ZA, et al. Evaluating the safety and effectiveness of percutaneous acetabuloplasty. ) Neurointerv Surg 2012;4:134-38, with

permission from BMJ Publishing Group Ltd.

safety and effectiveness of sacroplasty in a large single-center co-
hort, with emphasis on overall response to pain, functional mo-
bility, and analgesic use.

MATERIALS AND METHODS

Patient Cohort

Under institutional review board approval, we retrospectively re-
viewed institutional databases to identify percutaneous sacro-
plasty cases performed at our institution from January 2004 to
September 2013. Patients were referred for pain relief after a poor
response to conservative therapy. Chart review was performed to
obtain patient demographic data and fracture etiology. In patients
with non-cancer-related fractures, fracture etiology was defined
as osteoporotic insufficiency unless there was a clear history of a
preceding traumatic event, such as a mechanical fall. In these
cases, fracture etiology was deemed traumatic. All patients were
evaluated with either CT or MR imaging before the procedure to
assess fracture characteristics, extent of bony involvement, and
proximity to neural structures. For cancer-related fractures, only
patients with osteolytic or mixed osteolytic/osteoblastic lesions
were included. Patients with osteoblastic primary tumors or pre-
dominantly osteoblastic metastasis were excluded due to the an-
ticipated difficulty of needle placement. In addition, patients with
involvement of the sacroiliac joint, clear osseous breach of the
sacral neural foramina, or local neural compression were also ex-
cluded. Informed consent was obtained before the procedure, and
Health Insurance Portability and Accountability Act compliance
was maintained.

Technique

Procedures were performed with intravenous sedation, typically
by using a combination of fentanyl and midazolam or with the
patient under general anesthesia. Local anesthetic was infiltrated
in the skin, subcutaneous tissues, and periosteum. Continuous
x-ray fluoroscopy, CT fluoroscopy, or intermittent CT scanning

was used to place an 11-gauge AVAmax needle (CareFusion, San
Diego, California) into the fracture site by using either a short-
axis or posterior long-axis approach. No adjunctive cavity cre-
ation (curettage and/or balloon inflation) or tumor ablative ther-
apies (radiofrequency ablation/laser/cryotherapy) were used.
Polymethylmethacrylate (PMMA) cement (Advanced Biomate-
rial Systems, Chatham, New Jersey) was then mixed and injected
through the trocar by using a screw injector under continuous
x-ray fluoroscopic guidance or intermittent CT scanning to mon-
itor cement deposition. For CT-guided procedures, a small vol-
ume of PMMA was injected, and then a limited CT that covered
the target site was performed to ensure that there was no untow-
ard craniocaudal cement migration before injecting further
PMMA (Fig 1). Using this intermittent CT method, we aimed to
prevent extravasation into the sacral neural foramina. Final post-
procedural images were used to evaluate final filling of the lesion
and assess technical complications.

Outcomes

Charts were reviewed to identify procedural complication data. Sig-
nificant complications were defined as cement leakage leading to per-
manent neurologic deficit, cauda equina syndrome, a new neurologic
deficit requiring surgical intervention, or systemic complications such as
pulmonary embolism or procedure-related mortality.

The Visual Analog Scale (VAS), Functional Mobility Scale
(FMS), and Analgesic Scale (AS) were used for pre- and postpro-
cedural assessments. The VAS is a widely validated pain assess-
ment tool that correlates sketched faces with numbers from 0 to
10, with 0 representing no pain to 10 representing the worst pain
the patient has ever experienced.'? The FMS measures mobility of
the patient, with ranges from 0 to 5, with 0 representing full ac-
tivity and 5 representing a bedridden patient (Table 1). The AS
assesses a patient’s use of pain medication on a scale from 0 to 5,
with 0 representing no medication use and 5 representing paren-
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Table 2: Four-level pain scale®

Score Four-Level Pain Scale
1 Complete pain resolution
2 Improvement in fracture-related pain
3 No change in pain
4 Worsening of pain after the procedure

Table 3: Summary data for 53 patients who underwent
percutaneous sacroplasty

Characteristics Data
Total patients 53
Age (mean) (yr) 764 +28
Age younger than 70 yr 13 (25%)
Age 70-79 yr 20 (38%)
Age 80-89 yr 15 (28%)
Age 90 yr or older 5(9%)
Female 44 (83%)
Female/male ratio 51
Cancer-related fracture 29 (55%)
Breast cancer 9/29 (31%)
Multiple myeloma 7/29 (24%)
Colorectal cancer 6/29 (21%)
Small cell lung cancer 2/29 (7%)
Prostate cancer 1/29 (3%)
Melanoma 1/29 (3%)
Cervical cancer 1/29 (3%)
Hematologic malignancy 1/29 (3%)
Pancreatic cancer 1/29 (3%)
Osteoporotic fracture 16 (30%)
Traumatic fracture 8 (15%)
Bilateral fractures treated 44 (83%)
Sacroplasty with conscious sedation 39 (74%)
Sacroplasty under general anesthesia 14 (26%)
Sacroplasty with CT guidance 48 (91%)
Sacroplasty with fluoroscopic guidance 5(9%)
Significant complications 0
Procedural mortality 0
Time to follow-up (days) 27 (£3.7)

tal narcotic use (Table 1). Both the FMS and the AS have been
described in the evaluation of cement augmentation proce-
dures."” Formal, documented VAS, FMS, and AS evaluations be-
came routine during the study period and were performed be-
tween January 2007 and September 2013. A 4-level pain scale was
also used to evaluate patient response to the procedure (Table 2).”
The scale ranges from 1 to 4 and was used to measure patient
response to the procedure following sacroplasty, where 1 repre-
sents complete resolution of pain; 2, improvement of pain; 3, no
change; and 4, worsened pain following the procedure.

Statistical Analysis

All summary statistics for continuous variables were reported as
mean (*=SD and range), while categoric variables were reported as
percentages. VAS, FMS, and AS scores (ordinal variables) were re-
ported as median (interquartile range). Normality was assessed by
using the Kolmogorov-Smirnov test. The Wilcoxon signed rank test
was performed for statistical correlation with paired testing of pre-
and posttreatment scores. Statistical significance was defined as P <
.05. Statistical analysis was performed with MedCalc for Windows
software, Version 12.7.7 (MedCalc Software, Mariakerke, Belgium).

RESULTS
Fifty-three patients met the study criteria. Table 3 outlines the
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Table 4: Pre- and posttreatment VAS, FMS, and AS scores
reported as median (interquartile range)

Preprocedure Postprocedure P Value
Visual Analog Scale 9.0(8.0-10.0) 3.0(0.0-5.8) <.001
Functional Mobility Scale 3.0 (2.0-3.0)  10(0.25-2.8)  <.001
Analgesic Scale 3.0(3.04.0) 3.0(2.0-3.8) <.01

Table 5: Pre- and posttreatment VAS, FMS, and AS scores for
noncancer fractures (osteoporotic insufficiency and traumatic
cohort combined) reported as median (interquartile range)

Preprocedure Postprocedure P Value

Visual Analog Scale 9.5(8.0-10.0)  0.0(0.0-4.0) <.001
Functional Mobility Scale 3.0 (1.5-3.0) 1.0(0.0-2.0) <.01
Analgesic Scale 30(3.0-3.0)  3.0(1.0-3.0) 06

Table 6: Pre- and posttreatment VAS, FMS, and AS scores for
cancer-related fractures reported as median (interquartile range)

Preprocedure Postprocedure P Value
Visual Analog Scale 8.0(8.0-10.0) 4.0(2.3-6.0) <.01
Functional Mobility Scale 3.0 (2.3-3.8) 2.0(1.0-3.0) n
Analgesic Scale 4.0 (3.04.0) 4.0 (3.0-4.0) 19

summary data for the total cohort. Mean age was 76 years; most
were female (83%) patients with either cancer-related (55%) or
osteoporotic insufficiency (30%) fractures. Breast carcinoma me-
tastasis, multiple myeloma, and colorectal carcinoma metastasis
accounted for three-quarters of cancer-related fractures. All trau-
matic fractures were the result of minor trauma, such as a me-
chanical fall. No patients with high-energy trauma such as a mo-
tor vehicle collision were included. Fifteen of the 53 patients had
vertebral augmentation before sacroplasty; however, none had
these procedures performed within 3 months of sacroplasty, and
most (80%) were performed >9 months before sacroplasty.

Percutaneous sacroplasty was generally performed with the
patient under conscious sedation (74%) and by using CT guid-
ance (91%). Bilateral fractures were treated in 44 patients. For the
total cohort of 53 patients with 97 sacral fractures treated, no
significant complications occurred. There was no procedural
mortality. Effectiveness was assessed by using the VAS, EMS, AS,
and the 4-level pain scale at a mean follow-up of 27+ 3.7 days.
Pre- and posttreatment VAS, FMS, and AS scores were available
for 27 patients. There were statistically significant reductions in
VAS, EMS, and AS scores after sacroplasty (Table 4). Pretreat-
ment median (interquartile range) VAS, 9.0 (8.0-10); EMS, 3.0
(2.0-3.0); and AS, 3.0 (3.0-4.0) were reduced to median
posttreatment (interquartile range) VAS, 3.0 (0.0-5.8); FMS, 1.0
(0.25-2.8); and AS 3.0 (2.0-3.8). Nineteen of the 53 patients had
additional pelvic fractures at the time of presentation, mostly pu-
bic rami fractures. In this smaller cohort of patients with addi-
tional pelvic fractures, all had significant reduction in their VAS,
EMS, and AS scores after sacroplasty.

Osteoporotic insufficiency fractures were combined with
traumatic fractures to form the noncancer fracture cohort to fa-
cilitate comparison of outcomes according to fracture etiology.
Before treatment, there was no significant difference in the VAS
(P = .94), FMS (P = .74), or AS (P = .11) scores between the
noncancer- (n = 16) and cancer-related fracture cohorts (n =
11). The treatment effect of sacroplasty in the noncancer and can-
cer-related fracture cohorts are summarized in Tables 5 and 6.



Four Level Pain Scale - Post Treatment

FIG2. Treatment effect of sacroplasty on the 4-level pain scale scores at 1 month. Most patients

(93%) reported improvement or complete resolution of pain.

The reduction in median VAS and AS scores was significantly
greater for the non-cancer-related fractures (P = .02 and P = .004
respectively) compared with the cancer-related fractures. There
were no significant differences in the reduction of median FMS in
non-cancer-related and cancer-related fracture cohorts.

Four-level pain scale scores were available for 45 patients. Af-
ter sacroplasty, 93% reported complete resolution or improve-
ment in overall pain. Almost a third (n = 14) reported complete
resolution of pain. Only 2 patients had no improvement, and 1
patient had worsened pain after sacroplasty (Fig 2). Two patients
underwent vertebral augmentation after sacroplasty. Both of
these patients reported either improvement or complete resolu-
tion of their pain on the 4-level pain scale at short-term follow-up
before new symptomatic thoracic vertebral compression fractures
occurred.

DISCUSSION

Sacral insufficiency fractures are severely debilitating to the el-
derly population, exacerbated by delays to diagnosis and the lim-
ited treatment options available. Percutaneous sacroplasty is a
minimally invasive therapeutic strategy for patients not respond-
ing to conservative therapy with bed rest, physical therapy, and
analgesics or for those who are not surgical candidates. Our re-
sults show that percutaneous sacroplasty effectively decreases
pain, increases mobility, and decreases analgesic requirements in
patients with sacral fractures. The quantified improvements in
pain, mobility, and anesthesia are supported by the dramatic re-
sponse in the 4-point scale score—almost one-third had complete
resolution of their pain; 93% reported improvement or complete
resolution.

To date, there have been several case series showing good out-
comes following sacroplasty.*®'* The largest multicenter cohort
to date included 243 patients and showed that most patients re-
sponded positively to sacroplasty and had statistically significant
decreases in pain based on the VAS.® A recent single-center cohort
of 57 patients also showed reduced opioid use after sacroplasty."”

Pain scale

1 - complete resolution
2 - improvement

3 - no response

4 - worsened pain

Our study confirms this treatment effect
of percutaneous sacroplasty on pain and
analgesic use. Postulated mechanisms of
pain relief include increased structural
stability in a previously weakened
weight-bearing site after cement deposi-
tion and neurolysis of painful nerve
fibers.'>'”

There are little data on functional
mobility outcomes after percutaneous
sacroplasty. A single study assessed

e I-month ambulation outcomes after

2 sacroplasty by using a 3-point scale: 1,
m3 worse; 2, unchanged; and 3, improve-
LES ment of ambulation. Most impressively,

80% with walking limitation experi-
enced improvement.” We add to the
emerging literature on sacroplasty by
reporting quantifiable and significant
short-term improvement in functional
mobility by using the FMS.

In our cohort, patients with osteopo-
rotic insufficiency or minor traumatic fractures gained greater
reductions in VAS and AS scores compared with patients with
cancer-related fractures. These results are similar to those from
the largest multicenter cohort.® This finding may be, in part, due
to the presence of additional fractures that may have impacted
outcome. However, in the small cohort of patients with additional
pelvic fractures (mainly pubic rami), all had a significant reduc-
tion in their VAS, FMS, and AS scores, suggesting that the pres-
ence of additional fractures did not impact the short-term effect
of sacroplasty.

The treatment effectiveness for an individual patient is bal-
anced by the procedural safety. In the large multicenter cohort of
243 patients, there were no significant cement extravasations, in-
fections, hemorrhages, pulmonary emboli, or procedure-related
deaths.® This outcome may be, in part, due to the use of CT guid-
ance and the limitation to operators trained and experienced in
vertebral augmentation techniques. Similarly, we performed
most procedures (91%) under CT guidance, and we limited per-
formance of sacroplasty to operators trained and experienced in
vertebral augmentation and acetabuloplasty. No complications
occurred in our cohort. We thus confirm that when performed
by experienced operators, percutaneous sacroplasty is a safe
procedure.

Our study has significant limitations, in particular the lack of
uniform patient response in the VAS, FMS, and AS scores. Doc-
umentation of these scores became routine during the study pe-
riod. However, we sought to rectify the lower rate of recorded
outcome scores for VAS, FMS, and AS by including the 4-level
pain scale score. The inclusion of pain improvement and pain
worsening allows more useful interpretation of the patient per-
spective on treatment effectiveness compared with binary yes or
no responses. While we have demonstrated significant short-term
gains, other studies have shown durable pain reduction for up to
1.5 years.' 1810
Ultimately, percutaneous sacroplasty should be evaluated in a

AINR Am J Neuroradiol 35:2202-06 Nov 2014 www.ajnr.org 2205



randomized controlled trial against conservative therapy with
analgesia and/or surgical fixation. Until then, emerging data from
our study can be included in comparative effectiveness research to
define treatment appropriateness criteria for percutaneous sacro-
plasty and to inform health care decisions on the relative benefits
and harm of the different treatment options available for patients
with sacral fractures.

CONCLUSIONS

Sacral insufficiency fractures continue to be a frequent source of
pain and disability in the elderly population. Percutaneous sacro-
plasty effectively decreases pain, increases mobility, and decreases
analgesic requirements in patients with painful sacral fractures.
Complications are rare with appropriate techniques and operator
experience. Percutaneous sacroplasty is an excellent treatment
option for patients with painful sacral fractures not responding to
conservative therapy.

Disclosures: Joshua A. Hirsch—RELATED: Consulting Fees or Honoraria: from
CareFusion, a company that makes augmentation products that could be used in
sacroplasty; Stocks/Stock Options: He also holds stocks/stock options in Intratech.
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