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Objective: Percutaneous sacroplasty (PSP) is widely used in the clinic for osteoporotic
sacral insufﬁciency fractures; however, few reports have described the safety and effectiveness of PSP for painful sacral metastases at the sacral ala under ﬂuoroscopy alone. We aimed
to evaluate the safety and efﬁcacy of ﬂuoroscopy-guided PSP for painful metastases at the
sacral ala.
Patients and Methods: Thirty-ﬁve consecutive patients (median age, 60.74 ± 12.74 years),
with a total of 41 metastatic lesions at the sacral ala, were treated with PSP. The patients
were followed up for periods ranging from 1 month to 30 months (average, 8.23 ± 6.75
months). The visual analog scale (VAS), Oswestry Disability Index (ODI), and Karnofsky
Performance Scale (KPS) were used to evaluate pain, mobility, and quality of life before the
procedure and at 3 days and 1, 3, 6, 12, and 18 months after the procedure.
Results: Technical success was achieved in all patients. The minimum follow-up duration
was 1 month. The mean VAS scores declined signiﬁcantly from 7.20 ± 0.93 before the
procedure to 3.43 ± 1.38 by day 3 after the procedure, and was 3.13 ± 1.07 at 1 month, 3.17 ±
1.15 at 3 months, 2.91± 1.38 at 6 months, and 2.57 ± 1.51 at 12 months after the procedure
(P < 0.001). After PSP, analgesic drug administration had been discontinued in 31 of 35
patients (88.57%). The ODI and KPS also changed after PSP, with signiﬁcant differences
between the baseline scores and those at each follow-up examination (P < 0.001).
Extraosseous cement leakage occurred in 12 cases without any major clinical complications.
Conclusion: PSP is a safe and effective technique for the palliative treatment of painful
metastases involving the sacral ala under ﬂuoroscopic guidance alone. It can relieve pain,
reduce disability, and improve function, and is associated with minimal complications.
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Percutaneous sacroplasty (PSP), which involves the placement of bone needles and
the injection of bone cement into the sacrum, is a minimally invasive, image-guided
procedure for pain control and stability restoration in cases with sacral insufﬁciency
fractures (SIF) resulting from both osteoporosis and metastases.1–3 Although PSP
has been widely used in cases with osteoporotic insufﬁciency,3–6 only a few reports
have described the safety and effectiveness of PSP in painful sacral metastases.7–10
Moreover, studies have not compared the effect of multiple approaches for metastases involving the speciﬁc sacral ala and, because the follow-up periods of the
available studies have generally been short, little is known regarding the mediumand long-term improvement in pain and function after PSP in cases with metastases.
In this retrospective study, we aimed to evaluate the efﬁcacy and safety of
Journal of Pain Research 2020:13 151–156

151

© 2020 Tian et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Dovepress

Tian et al

ﬂuoroscopy-guided PSP in the treatment of painful metastases involving the sacral ala with a relatively large sample
and medium-term follow-up.

Materials and Methods
Study Design
This retrospective study was approved by the institutional
review board of Shanghai Sixth People’s Hospital East
Campus, and written informed consent was obtained
from all participants included in the study. From
March 2016 to August 2018, patients with painful metastatic lesions of the sacral ala were recruited from our
department for treatment with PSP. All patients were
referred to our institution due to the persistence of pain
that had not responded to conventional treatments such as
analgesic drugs, chemotherapy, and radiotherapy. All
patients had pathologically conﬁrmed primary cancer and
had undergone Computed Tomography (CT) and/or magnetic resonance imaging (MRI) examinations before the
procedure to determine the size of the lesion and the part
of the sacral segment involved, and to rule out other
causes of back pain (such as degenerative facet disease).
All patients had severe pain, without any neurological
deﬁcit related to the metastatic lesions of the sacral ala.
Patients were eligible for inclusion in the study if they had
life expectancy ≥3 months, were 18 years of age or older,
and were willing to sign the consent form. Patients with
pathological fractures and lesions involving the area of the
sacral foramina were excluded. The primary tumors in
these patients were located in the lung (n=14), thyroid
(n=8), liver (n=6), prostate (n=3), biliary (n=2), breast
(n=1), and colon (n=1). The number of treated lesions
per patient ranged from 1 to 2; in particular, 82.86% (29/
35) patients had 1 lesion each and 17.14% (6/35) had 2
lesions each, thus resulting in a total of 41 metastases in
the cohort. In addition, 28 patients were treated for other
metastatic localizations, including spinal metastases in 19
(54.29%) and pelvic lesions in 9 (25.71%). The baseline
characteristics of the 35 patients and the results are summarized in Table 1.

PSP Procedures
All procedures were performed under ﬂuoroscopic guidance alone with a biplane machine (GE, Innova
IGS630, America). Under conscious sedation, the patient
was placed in the prone position. Under anteroposterior
and lateral ﬂuoroscopic guidance, a 13-gauge bone
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Table 1 Baseline Characteristics and Clinical Outcomes in Patients
with Painful Metastases at the Sacral Ala Treated with PSP
Characteristics

PSP (n=16)

Age (years) (mean ± SD)

60.74 ± 12.74 (30–90)

Male/female (no.)

24/11

Location at lung/thyroid/liver/others (no.)
Involvement of unilateral ala/bilateral ala

14/8/6/7
29/6

Technical success (no. [%])

35 (100)

Cement ﬁlling volume (mL)
Leakage (no.[%])

5.20 ± 1.55 (2–8)
12(34.29)

Clinical follow-up (months)
Overall pain relief (no.[%])

8.23 ± 6.75 (1–30)
31 (88.57)

Abbreviation: PSP, percutaneous sacroplasty.

puncture needle (Cook Inc., Bloomington, IN, USA) was
slowly hammered into the metastatic lesions at the sacral
ala through the posterior approach, transiliac approach, or
anterior-oblique approach under ﬂuoroscopic guidance. As
the bone needle was advanced into the S1 sacral ala,
continuous anteroposterior and lateral ﬂuoroscopic guidance was used to conﬁrm needle access between the
sacroiliac joints, sacral foramina, and anterior margin of
the sacral ala, whereas the orientation of the bevel edge
was adjusted to avoid penetration of structures such as the
anterior surface of the sacral ala and S1 foramen. One or
more needles were used if necessary. Thereafter, mixed
bone cement (polymethyl methacrylate [PMMA]; Palacos
V; Heraeus Medical GmBH, Germany) was injected into
the metastatic lesion at the sacral ala. The injection process
was monitored continuously under ﬂuoroscopy in the anterior and lateral plane. Injection was stopped when substantial resistance was met or when the PMMA cement
reached the margin of the sacroiliac joint or the posterior
portion of the sacrum. The technical success of the procedure and any complications that occurred were also
recorded. Immediately after PSP, non-contrast CT examination was performed in all patients to assess if there was
cement leakage (Figure 1).

Clinical Outcome Evaluation and Data
Collection
All patients underwent clinical examination by two of the
authors before the procedure; 1 week after the procedure;
1, 3, 6, and 12 months after the procedure; and every 6
months thereafter until patient death. Data on technical
success, PMMA volume injected, pain relief, functional
outcomes, and complications were evaluated during
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Figure 1 Anteroposterior and lateral radiographs obtained during and after percutaneous sacroplasty (PSP) procedure shows the different puncture approaches towards
the target lesions at the sacral ala, including the posterior approach (A, B, G, and H), transiliac approach (C, D, I, and J), and anterior-oblique approach (E, F, K, and L).

follow-up consultations or at patient death. Technical success was deﬁned as successful puncture of the sacral lesion
with any approach, followed by PMMA injection without
any major complications.
Major complications included accidental nerve root
injury, cauda equina syndrome, pulmonary embolism,
intestinal rupture, or perioperative mortality, whereas
minor complications included postoperative urinary retention, wound hematoma, and infection. Pain was measured
using the visual analog scale (VAS), where a score of 0
indicated “no pain” and a score of 10 indicated “worst pain
ever.” Pain relief was deﬁned as a decrease in the VAS
score by ≥3 points from the baseline score. The functional
status of patients for walking, standing, and sleeping was
measured using the Oswestry Disability Index (ODI). The
functional outcomes were measured on a 100-point
Karnofsky Performance Scale (KPS) to assess any changes
in the quality of life. Data on the use of pain medication
(narcotics or nonsteroidal anti-inﬂammatory drugs) before
and after the intervention were evaluated. A decrease in
dose or a shift to a lower level of the World Health
Organization classiﬁcation of analgesia was considered to
represent a reduction in analgesic use.

Statistical Analysis
All statistical analyses were performed using commercially available software (SPSS Version 16, SPSS Inc.,
Chicago, IL, USA). Data are expressed as means ± standard deviation. The paired t-test was used to compare the
mean VAS, ODI, and KPS scores between the different
study time points. A P value of ≤0.05 was considered
statistically signiﬁcant.
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Results
Thirty-ﬁve consecutive patients (median age: 60.74 ±
12.74 years, including 24 men and 11 women) with painful
metastatic lesions at the sacral ala underwent PSP in our
medical center. PSP was technically successful and well
tolerated in all the patients through three different
approaches: the posterior approach (n=18), transiliac
approach (n=7), or anterior-oblique approach (n=10). The
mean amount of cement injected per lesion was 5.20 ±
1.55 mL (range, 2–8 mL). The mean number of puncture
needles used during PSP was 1.49 ± 0.84 (range, 1–4) per
lesion. No major complications were observed during the
procedure. The only minor complication encountered was
PMMA leakage, which was noted in 34.29% (12/35)
patients. Leakages occurred into the sacral venous plexus
(n=5), puncture path (n=2), anterior epidural space (n=2),
or anterior sacral space (n=3), but were all asymptomatic
and did not require any special treatment. In addition,
there was no signiﬁcant difference in PMMA leakage
among the three approaches (P > 0.05).
The average follow-up duration was 8.23 ± 6.75 months
(range, 1–30 months). The changes in the VAS, ODI, and
KPS values following PSP are shown in Figure 2. Of the 35
patients, 31 (88.57%) reported pain relief and the other 4
(11.43%) experienced no obvious regression of pain immediately after the intervention. Four patients did not receive
regular treatment, such as systematic chemotherapy or
radiotherapy. The mean VAS scores declined signiﬁcantly
from 7.20 ± 0.93 before the procedure to 3.43 ± 1.38 by day
3 after the procedure, and was 3.13 ± 1.07 at 1 month, 3.17
± 1.15 at 3 months, 2.91± 1.38 at 6 months, and 2.57 ± 1.51
at 12 months after the procedure; the scores remained low
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(88.57%). In 31 of the 35 patients, post-procedural pain
was controlled by using strong opioid analgesics (n=1),
weak opioid analgesics (n=4), and NSAIDs (n=12); in the
remaining 14 patients, no analgesic therapy was necessary
after the procedure.

Discussion

Figure 2 Changes in pain scores, functional improvement, and quality of life following
percutaneous sacroplasty (PSP). Changes in (A) visual analog scale (VAS), (B) Oswestry
Disability Index (ODI), and (C) Karnofsky Performance Scale (KPS) values are shown.
Box plots represent the median and interquartile range (IQR).

throughout the follow-up period. There was a signiﬁcant
difference between the pre-procedure VAS score and that at
each study time point after the procedure (P < 0.001). As
shown in Figure 2, the average ODI and KPS scores also
changed after the procedure, with signiﬁcant differences
between the baseline scores and those at each follow-up
examination (P < 0.001). In addition, no signiﬁcant differences were observed in the VAS, ODI, and KPS values
among the three approaches and among the three types of
bone destruction (P > 0.05). Prior to the PSP procedure, all
patients were prescribed analgesic drugs, such as strong
opioid analgesics (n=12), weak opioid analgesics (n=15),
and nonsteroidal anti-inﬂammatory drugs (NSAIDs; n=8).
After the PSP procedure, the administration of analgesic
drugs was discontinued or reduced in 31 of 35 patients
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Metastatic tumors are the most common malignant lesions
occurring in the sacrum, especially in the sacral ala, and
account for 1–7% of all spinal tumors.11,12 The sacrum is
a weight-bearing structure, and the sacral ala dissipates
vertical axial forces from the lumbar to iliac region, thus
aiding in spinal stability. Symptomatic sacral metastases
usually manifest as debilitating local pain that can radiate
into the buttocks, perineum, and posterior thigh. In addition to severe pain, sacral metastasis can also lead to
pathological fractures and neurological deﬁcits, which
often limit the mobility, quality of life, and tolerance for
further necessary cancer treatment in patients.
The currently available treatments for sacral metastases
combine systemic and local therapies, including pain medication, radiotherapy, chemotherapy, and endovascular
embolization in cases with highly vascular tumors.13,14
When a localized painful lesion is identiﬁed, open surgery
has limited application because it is often too invasive for
a fragile patient. Radiotherapy is a good option but has
certain limitations, such as a delayed effect and tissue
tolerance.15 It is estimated that at least 45% of the patients
with bone metastases develop intractable pain due to the
lack of sufﬁcient treatment.16 Therefore, researchers have
sought to develop novel therapies to relieve pain and
improve mobility.
PSP, analogous to percutaneous vertebroplasty (PVP),
has been widely reported as a safe and effective option for
managing osteoporotic sacral insufﬁciency fractures.4–6
Moreover, case and case-series reports have indicated that
PSP provides pain relief and mobility improvement in
patients with sacral metastases, although the number of
cases described is small.7–10,13,17 In a multicenter study
with 243 patients, including 204 with painful sacral insufﬁciency fractures and 39 with symptomatic sacral lesions, 24
patients with sacral metastases experienced remarkable and
prompt pain relief.1 Pereira et al described promising outcomes and safety data in the largest published sample of 42
patients with sacral metastases undergoing PSP.2 In the present retrospective study with a relatively large sample, most
patients experienced signiﬁcant changes in the VAS, ODI,
and KPS immediately and longitudinally after PSP,
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Collectively, these studies with a relatively large sample
appear to strongly indicate that PSP is an effective procedure
for providing pain relief and function recovery in patients
who are unresponsive to conservative management and those
who are not candidates for surgery. In our study, four patients
did not experience any apparent pain reduction. This ﬁnding
may be related to the fact that the four patients were not under
regular treatment, such as systematic chemotherapy or radiotherapy, which might have helped control the cancer progression. Moreover, this ﬁnding suggests that successful
immediate and long-term pain relief is achievable in patients
with sacral metastasis who require regular anticancer therapy
in addition to PVP.
Although PSP is a variation of PVP, the puncture and
injection techniques of PSP completely differ from those of
PVP due to the complex anatomy of the sacrum. The sacral
ala – classiﬁed as zone I by Denis et al18– is adjacent to the
sacral foramina at its internal side and to the sacroiliac joint at
its external side. Therefore, the adjacent nature of the sacral ala
and the convex course complicate needle positioning and
cement injection. Moreover, the iliac bones of the pelvis prevent adequate visualization of the sacral ala and require lateral
ﬂuoroscopic evaluation. In addition, it can be difﬁcult to identify anatomic landmarks in destructive bone under ﬂuoroscopy.
However, there are still three primary approaches for
PSP at the sacral ala: the posterior approach, transiliac
approach, and anterior-oblique approach.1,13,19 In particular,
the posterior approach, including a long-axis approach and
a short-axis approach, is the most commonly used approach
under ﬂuoroscopic or CT guidance. In the present study, the
above three approaches were all used with 100% technical
success. We also compared the safety and efﬁcacy of the
different approaches for metastases of the sacral ala, and did
not observe any differences, consistent with the ﬁndings of
another study.20 Although a combination of CT and ﬂuoroscopic guidance may be the best option at present, our
procedures were all performed under continuous ﬂuoroscopy alone without any major complications. We primarily
preferred ﬂuoroscopic guidance due to the potential for realtime imaging during needle placement and cement injection.
We believe that an experienced doctor with a thorough
understanding of the radiologic anatomy of the sacrum can
achieve both precise needle placement and real-time visualization of cement delivery under continuous anteroposterior
and lateral ﬂuoroscopy alone. Furthermore, sacrokyphoplasty has been described as an effective treatment in
patients with sacral metastasis to reduce pain and the rate of
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cement leakage.8 However, in the present study, we used
sacro-vertebroplasty due to the lower associated cost with
the relatively similar clinical efﬁcacy.
This study has certain limitations. First, it was conducted at a single center and was retrospective in
nature. Second, the sample size was not sufﬁciently
large. Third, we did not compare PSP with other therapeutic options such as surgical treatment or radiotherapy.
Moreover, 28 patients were treated for other metastatic
localizations, which may bias the effect of PSP.
In conclusion, PSP is an effective, safe, and minimally
invasive procedure for the treatment of painful metastases
of the sacral ala that are refractory to conservative treatment. This method can achieve a marked reduction in
pain, as well as improvement in function and the quality
of life. Nevertheless, large-scale prospective research is
required to conﬁrm our ﬁndings.
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