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Abstract

Background: Sacral insufficiency fracture (SIF) is rarer than osteoporotic vertebral compression fracture that occurs
at other levels of the thoracolumbar spine. Percutaneous sacroplasty can effectively relieve pain and improve
mobility. Several sacroplasty-based techniques have been reported to date.
Sacroplasty is often performed with computed tomography-guided cannula placement, which is time intensive and
results in greater radiation exposure than that resulting from fluoroscopy. Herein, we report our preliminary
experience with a combination of long- and short-axis alar sacroplasty techniques under fluoroscopic guidance for
osteoporotic SIFs.

Methods: We retrospectively reviewed 44 consecutive patients with symptomatic osteoporotic SIFs who underwent
alar sacroplasty between January 2013 and February 2020. The study group comprised 19 patients who underwent a
combination of long- and short-axis alar sacroplasty techniques under fluoroscopic guidance. The control group
comprised the remaining 25 patients who underwent short-axis alar sacroplasty under fluoroscopic guidance. Visual
analog scale (VAS) scores, operation times, injected cement volumes, and postoperative complications were recorded.

Results: The VAS score for pain decreased in both groups; however, no significant difference was noted between the
study and control groups in injected cement volume (3.55 ± 0.96 vs 2.94 ± 0.89 mL). The operation time was longer in
the study group than in the control group (32 ± 7.1 vs 28.04 ± 4.99 min; P = 0.046). No major complications were
noted.

Conclusion: A combination of long- and short-axis alar sacroplasty techniques can be effectively performed under
fluoroscopic guidance for osteoporotic SIFs.
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Introduction
Sacral insufficiency fractures (SIFs), first reported by
Lourie in 1982 [1], can cause severe axial lumbosacral
pain [2]. Patients with underlying conditions such as pri-
mary osteoporosis, prolonged steroid use, primary bone
tumors, and metastatic disease have a higher risk of SIFs
[1]. The prevalence of SIFs is 1–5% in at-risk popula-
tions [3, 4]. SIF is usually diagnosed on the basis of bone
scintigraphy or magnetic resonance imaging (MRI) find-
ings (Figs. 1a and 2a). Typically, these image findings
present an H-pattern or the so-called Honda sign [5].
However, this H-pattern is reported in only 20–40% of
patients with SIFs [6]. Unilateral or bilateral fractures in
the sacral ala [7] with or without sacral body involve-
ment, transverse fractures in the lower sacrum [8], and

patterns with multiple foci [9] are variations in the
image pattern of SIF.
Conservative treatments such as bedrest, rehabilita-

tion, and analgesics are recommended for pain due to
SIF [10]. Percutaneous sacroplasty is a minimally inva-
sive treatment used to resolve persistent symptoms or
severe pain caused by SIF (Figs. 1b, 2b, and c). Sacro-
plasty was first reported in 2002 [11], and the procedure
relieved pain and improved mobility [12, 13]. Several
case series with different techniques have been reported
in the literature [14, 15].
Needle-insertion techniques for sacroplasty include

the transiliac [16] (lateral approach under computed
tomography [CT] or fluoroscopic guidance), long-axis
[17] (usually under CT guidance), and short-axis [18]

Fig. 1 a Coronal section of spinal magnetic resonance imaging (MRI) indicating sacral insufficiency fracture involving the right alar area in an 87-
year-old female patient. b Pelvis anteroposterior view depicting filling in the right alar area after sacroplasty

Fig. 2 a Coronal section of spinal magnetic resonance imaging (MRI) indicating sacral insufficiency fracture involving the right alar area in an 81-
year-old male patient. b Sacral lateral view of cement filling from S1 to S3 levels after sacroplasty. c Sacral anteroposterior view of cement filling
in the right alar area after sacroplasty
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(under CT or fluoroscopy guidance) approaches. No
consensus has been reached on the optimal sacroplasty
approach; the method employed is at physicians’
discretion.
Needle insertion in alar sacroplasty is often performed

under CT guidance due to the relatively complex anat-
omy of the sacrum combined with its multiple associ-
ated foramina containing sacral nerve roots [14, 19, 20].
Greater radiation exposure under CT guidance can pose
risks to patient and physician safety. Furthermore, CT
use makes the procedure time intensive and complex,
and sedatives might be required to ensure patient co-
operation. Here, we report our preliminary experience
with a combination of long- and short-axis alar sacro-
plasty techniques under fluoroscopic guidance for osteo-
porotic SIFs.

Materials and methods
Data statement
Sacroplasty was performed in accordance with the rele-
vant guidelines and regulations of the Taiwanese govern-
ment. This study was approved by the Institutional
Review Board of E-Da Hospital (EMRP-108-139), and
the patient consents were not required in this study.

Study design
We retrospectively reviewed 68 patients with symptomatic
osteoporotic SIFs who underwent sacroplasty at our hos-
pital between January 2013 and February 2020. SIFs were
documented using either CT or MRI. Patients with meta-
static cancer involving the sacrum, displaced SIFs, or SIFs
involving S1 or S2 body or those who underwent balloon-
assisted sacroplasty were excluded. The remaining 44 pa-
tients were divided into two groups: the study group (19
patients who received a combination of long- and short-
axis alar sacroplasty techniques under fluoroscopic guid-
ance) and the control group (25 patients who received
short-axis alar sacroplasty under fluoroscopic guidance).

Alar sacroplasty technique
The patients were placed in prone position during this
procedure. Under conscious sedation with minor seda-
tives and local anesthesia, two bone biopsy needles
(most commonly 11 gauge) were inserted under fluoro-
scopic guidance (Fig. 3 a and b). The C-arm was placed
at an angle of 15–30° in cephalic direction to obtain an
anteroposterior (AP) view of the sacrum.
Before needle insertion, bony landmarks in the AP

view, including the L5 pedicle, S1 and S2 neuroforamina,
sacral alar area, and sacroiliac (SI) joint, and in the lat-
eral view, including the sacrum and L5-S1 disc, were
identified on the skin of the patients’ backs (Fig. 4).
These lines included the SI joint line (Fig. 5a), lines link-
ing the lateral walls of S1 and S2 neural foramina (Fig.

5b), and a horizontal line at the tip of sacral ala (Fig. 5c)
for long-axis needle insertion. The starting point of nee-
dle insertion on the skin could be located on the line
linking the lateral walls of S1 and S2 neuroforamina at
approximately 1 cm below the horizontal line drawn at
the tip of the sacral ala (Fig. 4).
We made other skin landmarks on the patient’s back for

short-axis needle insertion, and they included a vertical
line parallel to the medial wall of the L5 pedicle (Fig. 6a), a
line at the upper endplate of the S1 body (Fig. 6b), and a
horizontal line parallel to the upper wall of the S1 neural
foramina (Fig. 6c) in the AP view. The starting point on
the skin could be located on the vertical line parallel to
the medial wall of the L5 pedicle in the midpoint between
the line at the upper endplate of S1 and the horizontal line
parallel to the upper wall of the S1 neuroforamina (Fig. 4).
The entry point for long-axis needle insertion was at

the center of the ala between the neuroforamen and SI
joint at S3 in the AP and lateral views (Fig. 5 d and e),
and the track of bone biopsy needle insertion from the
skin starting point to the bony entry point could be
checked by a small long needle during local anesthetic
injection. The target point of needle insertion was the
center of the ala at the S1 level in the AP view and in
the anterior half of the S1 endplate in the lateral view
(Fig. 3a). The long-axis needle was placed in an oblique
orientation to bisect the ala (Fig. 3b).
After the long-axis needle insertion, the short-axis

needle was inserted. The bony entry point was 0.5 cm
above and lateral to the vertical line parallel to the med-
ial wall of the L5 pedicle and the horizontal line parallel
to the upper wall of the S1 neuroforamina in the AP
view and dorsal cortex of S1 in the lateral view (Fig. 6 d
and e), and the track of bone biopsy needle insertion
from the skin starting point to the bony entry point
could be checked by a small long needle during local
anesthesia drug injection. The target point of needle in-
sertion was identical to that of long-axis needle inser-
tion, but the depth of short-axis needle insertion was
shallower than the target point after the short-axis nee-
dle penetrated the dorsal cortex of the sacrum (Fig. 3 a
and b).
Prior to cement injection, a central metallic bar with

an obtuse tip was inserted through the cannula to con-
firm the absence of obstructions. The bar was also used
to sound the surrounding environment to ensure that
the needle was located inside the cancellous bone within
the cortical wall boundary. Then, the cement was
injected into the sacral ala under real-time fluoroscopy
(Fig. 2) by using a 10-mL syringe with cement injection
equipment, which maintained a slow continuous rate of
injection. The goal of the injection was to fill the frac-
ture site and as much of the surrounding bone as pos-
sible. Warning bony marks for avoiding cement
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extravasation were the lateral wall of the neural foramina
and SI joint in the AP view and the dorsal cortex of the
sacrum and S1 endplate in the lateral view. Cement in-
jection was stopped when the cement reached the warn-
ing marks. After the cement was filled at the S1 level,
the long-axis needle was retraced to the S2 and S3 levels,
and as much cement was injected as possible.
After the procedure, patients were observed in a post-

operative observation room. Patients were usually dis-
charged on the next day after sacroplasties. After
discharge, patients were followed up at the outpatient
department at 1, 2, 6, and 12 months. Preoperative and
postoperative visual analog scale (VAS) for pain scores
was recorded. Clinical symptoms and adverse events
were also recorded.

Results
The study group comprised 3 male and 16 female patients
(mean age, 77.37 years). The control group comprised 4
male and 21 female patients (mean age, 81.2 years). The
patients’ baseline characteristics are listed in Table 1. The
mean follow-up duration was 12.84 and 36.12 months in
the study and control groups, respectively. All patients re-
ported symptom improvement after alar sacroplasty. The
mean VAS pain score decreased from 8.42 preoperatively
to 1.47 postoperatively in the study group and from 8.72
preoperatively to 1.52 postoperatively in the control
group. The mean bone mineral density (BMD) was −3.247
and −3.38 in the study and control groups, respectively.
All patients received antiosteoporotic drugs after receiving
a definite osteoporosis diagnosis based on BMD values.

Fig. 3 a Sacral anteroposterior view under fluoroscopy depicting a combination of long- and short-axis needles placed in the right alar area. b
Sacral lateral view under fluoroscopy depicting a combination of long- and short-axis needles placed in the right alar area
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The mean volume of injected cement was 3.55 ±
0.96 mL (range 2.5–5 mL) in the study group and
2.94 ± 0.89 mL (range 1.5–4 mL) in the control
group. The injected cement volume did not differ sig-
nificantly between the two groups. The mean oper-
ation time was 32 ± 7.1 min (range 17–40 min) in
the study group and 28.04 ± 4.99 min (range 20–40
min) in the control group (P = 0.046).
Four cases of cement leakage occurred: three at the S1

neuroforamina (one in the study group and two in the
control group) and one at the caudal alar tip at the S3
level. Fortunately, no clinical symptoms of cement leak-
age were present.
No incidence of surgical infection after the sacroplasty

procedures or recurrent pain due to SIFs was reported
during the follow-up period.

Discussion
Percutaneous vertebroplasty has become an increasingly
common treatment option for osteoporotic vertebral
compression fractures since it was introduced by Gali-
bert et al. in 1987 [21]. This technique is used for cylin-
drical vertebral bodies and shield-shaped sacral bones
[22]. Cement injection in osteoporotic vertebral fractures
can offer mechanical stability, which prevents painful
micromotion, restores pelvic strength, and has analgesic
effects due to its thermal properties [11, 15, 23].
Several studies have reported that percutaneous sacro-

plasty can be an effective alternative strategy to conservative
therapy for SIFs [12, 22, 24–27]. Pain relief with decreased
VAS scores for pain and functional recovery can be expected
after percutaneous sacroplasty [16]. Our study showed simi-
lar results, with reduced VAS scores for pain in both groups.

Fig. 4 Skin landmarks on a patient’s back. 1, sacroiliac (SI) joint line; 2, line linking the lateral walls of S1 and S2 neuroforamina; 3, horizontal line
at the tip of sacral ala; 4, vertical line parallel to the medial wall of the L5 pedicle; 5, line at the upper endplate of the S1 body; 6, horizontal line
parallel to the upper wall of the S1 neuroforamen
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Fig. 5 a Sacral anteroposterior view under fluoroscopy showing the sacroiliac (SI) joint line identified with a k-wire in the right alar area. b Sacral
anteroposterior view under fluoroscopy showing a line linking the lateral walls of S1 and S2 neuroforamina identified with a k-wire in the right
alar area. c Sacral anteroposterior view under fluoroscopy showing a horizontal line at the tip of the sacral ala identified with a k-wire in the right
alar area. d Sacral anteroposterior view under fluoroscopy depicting a bony entry point of long-axis needles in the right alar area. e Sacral lateral
view under fluoroscopy depicting a bony entry point of long-axis needles in the right alar area

Fig. 6 a Sacral anteroposterior view under fluoroscopy showing a vertical line parallel to the medial wall of the L5 pedicle identified with a k-wire in
the right alar area. b Sacral anteroposterior view under fluoroscopy showing a line at the upper endplate of the S1 body identified with a k-wire in the
right alar area. c Sacral anteroposterior view under fluoroscopy showing a horizontal line parallel to the upper wall of the S1 neuroforamen identified
with a k-wire in the right alar area. d Sacral anteroposterior view under fluoroscopy depicting a bony entry point of short-axis needles in the right alar
area. e Sacral lateral view under fluoroscopy depicting a bony entry point of short-axis needles placed in the right alar area
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The technique for alar sacroplasty is similar to that for
vertebroplasty with some differences. One challenge of
this technique is determining when the needle tip has
reached the inner cortical margin of the sacrum but has
not traversed into the pelvic side. Furthermore, identify-
ing sacral foramina under only fluoroscopic guidance
might be difficult [16]. Needle placement in the sacral
foramina prior to cement injection was reported to pre-
vent cement leakage to the sacral foramina [16]. For our
patients, we placed the C-arm at an angle of 15–30° to
obtain the AP view of the sacrum to improve the
visualization of the sacral foramina.
Some case reports have indicated that alar sacro-

plasty under CT guidance achieves more accurate po-
sitioning of bone biopsy needles [28]. CT use,
however, enables the delivery of a higher radiation
dose to the patient and increases radiation exposure
to surgeons during needle insertion into the sacrum
[16]. As a solution to these technical limitations,
fluoroscopy during sacroplasty has been suggested in
some reports as it has lower radiation exposure for
both patients and surgeons [16].
The most crucial concern in alar sacroplasty under

fluoroscopic guidance is ensuring that the needle is
inserted precisely into the target area. According to
Jayaraman et al., a safe target for sacroplasty needle
placement in the superolateral sacral alar is the point of
intersection of lines drawn from each corner of the S1,
which is readily identifiable with lateral fluoroscopy [29].
Whitlow et al. reported that for the safe placement of a
short-axis injection needle under CT guidance, the fol-
lowing must be ensured: the needle is parallel to the L5–
S1 interspace and ipsilateral SI joint and targeting the
superolateral sacral ala within an area bounded by a line
lateral to the posterior foraminal openings and a line
superimposed on the medial edge of the SI joint [30].
CT guidance is usually needed while performing long-
axis needle insertion [17].

In the present study, we chose the same target in the
superolateral sacral ala at the S1 level. The long-axis
needle reached the target, and the short-axis needle was
inserted at a shallow depth. All procedures were per-
formed under fluoroscopic guidance. We determined
that alar sacroplasty with combined short- and long-axis
needles can be safely performed under fluoroscopy. The
combined short- and long-axis needles can provide the
pressure required to release and drain fluid accumulated
in SIFs to facilitate smooth cement injection. The advan-
tage is similar to that of the bipedicle approach of ver-
tebroplasty for osteoporotic vertebral compression
fractures [31].
We compared the operation time and injected cement

volume between the two groups. The operation time
was significantly longer in the study group (32 ± 7.1 vs
28.04 ± 4.99 min; P = 0.046). The injected cement vol-
ume may have been higher in the study group, but the
difference was nonsignificant.
Our study has some limitations. It included a small

number of patients, and although complications of the
technique did not transpire, they have a chance of oc-
curring. For instance, cement leakage problems could
occur, leading to major diastasis. Some previous studies
have reported that balloon-assisted sacroplasty [32, 33]
and using high-viscosity cement [34, 35] are suitable op-
tions for preventing cement leakage. Future studies on
monitoring and preventing adverse events are required.
In conclusion, a combination of long- and short-axis

alar sacroplasty techniques can be effectively performed
under fluoroscopic guidance for osteoporotic SIFs.
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Kao et al. Journal of Orthopaedic Surgery and Research          (2021) 16:269 Page 7 of 9



Authors’ contributions
FCK: data curation, investigation, roles/writing—original draft. YCH:
investigation, methodology, resources, writing—review and editing. TSC:
data curation, formal analysis, software, validation, visualization. PHL:
conceptualization, project administration, supervision, validation. YKT:
methodology, supervision. The author(s) read and approved the final
manuscript.

Funding
No funding was received for this study.

Declarations

Ethics approval and consent to participate
All procedures performed in the studies involving human participants were
in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.

Consent for publication
Informed consent was obtained from all individual participants included in
the study.

Competing interests
The authors declare that they have no conflicts of interest.

Author details
1Department of Orthopedics, E-Da Hospital, Kaohsiung, Taiwan. 2Department
of Orthopedics, Dachang Hospital, Kaohsiung, Taiwan. 3School of
Medicine,College of Medicine, I-Shou University, Kaohsiung, Taiwan. 4Division
of Gastroenterology and Hepatology, E-Da Hospital, Kaohsiung, Taiwan.
5Department of Medical Research, E-Da Hospital, Kaohsiung, Taiwan.
6Department of Medical Imaging and Radiological Sciences, College of
Medicine, I-Shou University, Kaohsiung, Taiwan. 7Department of Biomedical
Engineering, I-Shou University, Kaohsiung, Taiwan.

Received: 4 February 2021 Accepted: 6 April 2021

References
1. Lourie H. Spontaneous osteoporotic fracture of the sacrum. An

unrecognized syndrome of the elderly. JAMA. 1982;248(6):715–7.
2. Grasland A, Pouchot J, Mathieu A, Paycha F, Vinceneux P. Sacral

insufficiency fractures: an easily overlooked cause of back pain in elderly
women. Arch Intern Med. 1996;156(6):668–74. https://doi.org/10.1001/a
rchinte.156.6.668.

3. Featherstone T. Magnetic resonance imaging in the diagnosis of sacral
stress fracture. Br J Sports Med. 1999;33(4):276–7. https://doi.org/10.1136/
bjsm.33.4.276.

4. Weber M, Hasler P, Gerber H. Insufficiency fractures of the sacrum. Twenty
cases and review of the literature. Spine. 1993;18(16):2507–12. https://doi.
org/10.1097/00007632-199312000-00021.

5. Ries T. Detection of osteoporotic sacral fractures with radionuclides. Radiology.
1983;146(3):783–5. https://doi.org/10.1148/radiology.146.3.6828693.

6. Blake SP, Connors AM. Sacral insufficiency fracture. Br J Radiol. 2004;77(922):
891–6. https://doi.org/10.1259/bjr/81974373.

7. Bastian JD, Keel MJ, Heini PF, Seidel U, Benneker LM. Complications related
to cement leakage in sacroplasty. Acta Orthop Belg. 2012;78(1):100–5.

8. Garnon J, Koch G, Ramamurthy N, Bauones S, Caudrelier J, Tsoumakidou G,
et al. Percutaneous imaging-guided screw fixation of osteoporotic
transverse fractures of the lower sacrum with cement augmentation: report
of 2 cases. Cardiovasc Intervent Radiol. 2017;40(7):1105–11. https://doi.org/1
0.1007/s00270-017-1633-1.

9. Fujii M, Abe K, Hayashi K, Kosuda S, Yano F, Watanabe S, et al. Honda sign
and variants in patients suspected of having a sacral insufficiency fracture.
Clin Nucl Med. 2005;30(3):165–9. https://doi.org/10.1097/00003072-200503
000-00004.

10. Newhouse KE, el-Khoury GY, Buckwalter JA. Occult sacral fractures in
osteopenic patients. J Bone Joint Surg Am. 1992;74:1472–7.

11. Frey ME, DePalma MJ, Cifu DX, Bhagia SM, Carne W, Daitch JS. Percutaneous
sacroplasty for osteoporotic sacral insufficiency fractures: a prospective,

multicenter, observational pilot study. Spine J. 2008;8(2):367–73. https://doi.
org/10.1016/j.spinee.2007.05.011.

12. Garant M. Sacroplasty: a new treatment for sacral insufficiency fracture. J
Vasc Interv Radiol. 2002;13(12):1265–7. https://doi.org/10.1016/s1051-0443
(07)61976-9.

13. Gupta AC, Chandra RV, Yoo AJ, Leslie-Mazwi TM, Bell DL, Mehta BP,
et al. Safety and effectiveness of sacroplasty: a large single-center
experience. AJNR Am J Neuroradiol. 2014;35(11):2202–6. https://doi.org/1
0.3174/ajnr.A4027.

14. Butler CL, Given CA 2nd, Michel SJ, Tibbs PA. Percutaneous sacroplasty for
the treatment of sacral insufficiency fractures. AJR Am J Roentgenol. 2005;
184(6):1956–9. https://doi.org/10.2214/ajr.184.6.01841956.

15. Smith DK, Dix JE. Percutaneous sacroplasty: long-axis injection technique. AJR
Am J Roentgenol. 2006;186(5):1252–5. https://doi.org/10.2214/ajr.05.0823.

16. Pereira LP, Clarençon F, Cormier É, Rose M, Jean B, le Jean L, et al. Safety
and effectiveness of percutaneous sacroplasty: a single-centre experience in
58 consecutive patients with tumours or osteoporotic insufficient fractures
treated under fluoroscopic guidance. Eur Radiol. 2013;23(10):2764–72.
https://doi.org/10.1007/s00330-013-2881-3.

17. Eichler K, Zangos S, Mack MG, Marzi I, Vogl TJ. Outcome of long-axis
percutaneous sacroplasty for the treatment of sacral insufficiency fractures
with a radiofrequency-induced, high-viscosity bone cement. Skelet Radiol.
2014;43(4):493–8. https://doi.org/10.1007/s00256-013-1811-4.

18. Shah RV. Sacral kyphoplasty for the treatment of painful sacral insufficiency
fractures and metastases. Spine J. 2012;12(2):113–20. https://doi.org/10.1016/
j.spinee.2012.01.019.

19. Betts A. Sacral vertebral augmentation: confirmation of fluoroscopic
landmarks by open dissection. Pain Physician. 2008;11(1):57–65.

20. Pommersheim W, Huang-Hellinger F, Baker M, Morris P. Sacroplasty: a
treatment for sacral insufficiency fractures. AJNR Am J Neuroradiol. 2003;
24(5):1003–7.

21. Galibert P, Deramond H, Rosat P, Le Gars D. Preliminary note on the
treatment of vertebral angioma by percutaneous acrylic vertebroplasty.
Neurochirurgie. 1987;33(2):166–8.

22. Choi KM, Song JH, Ahn SK, Choi HC. Therapeutic considerations of
percutaneous sacroplasty for the sacral insufficiency fracture. J Korean
Neurosurgical Society. 2010;47(1):58–63. https://doi.org/10.3340/jkns.2010.4
7.1.58.

23. Belkoff SM, Molloy S. Temperature measurement during polymerization of
polymethylmethacrylate cement used for vertebroplasty. Spine. 2003;28(14):
1555–9. https://doi.org/10.1097/01.BRS.0000076829.54235.9F.

24. Ehara, S. Percutaneous sacroplasty for osteoporotic insufficiency fractures.
AJR Am J Roentgenol 186, 580; author reply 580-581, doi: https://doi.org/1
0.2214/ajr.06.5009 (2006).

25. Lyders EM, Whitlow CT, Baker MD, Morris PP. Imaging and treatment of
sacral insufficiency fractures. AJNR Am J Neuroradiol. 2010;31(2):201–10.
https://doi.org/10.3174/ajnr.A1666.

26. Trouvin AP, Alcaix D, Somon T, Zarnitsky C. Analgesic effect of sacroplasty in
osteoporotic sacral fractures: a study of six cases. Joint Bone Spine. 2012;
79(5):500–3. https://doi.org/10.1016/j.jbspin.2011.12.005.

27. Vilmarsson V, Schnabel K, Wikholm G. Osteoporotic sacral fracture--a painful
condition, easy to miss. Sacroplasty a new treatment with quick pain relief.
Lakartidningen. 2010;107(5):251–4.

28. Fernandez-Esparrach G, Cuatrecasas M, Rodriguez de Miguel C, Sanchez-
Montes C, Cordova H. Efficacy and safety of a combination of
hyaluronic acid, chondroitin sulfate, and poloxamer 407 as a
submucosal injection solution for endoscopic resection: pilot study on a
swine model. Endoscopy Int Open. 2017;5(06):E450–e454. https://doi.
org/10.1055/s-0043-107614.

29. Jayaraman MV, Chang H, Ahn SH. An easily identifiable anatomic landmark
for fluoroscopically guided sacroplasty: anatomic description and validation
with treatment in 13 patients. AJNR Am J Neuroradiol. 2009;30(5):1070–3.
https://doi.org/10.3174/ajnr.A1502.

30. Whitlow CT, Yazdani SK, Reedy ML, Kaminsky SE, Berry JL, Morris PP.
Investigating sacroplasty: technical considerations and finite element
analysis of polymethylmethacrylate infusion into cadaveric sacrum. AJNR
Am J Neuroradiol. 2007;28(6):1036–41. https://doi.org/10.3174/ajnr.A0500.

31. Chiu YC, Yang SC, Chen HS, Kao YH, Tu YK, Chung KC. Clinical evaluation of
repeat percutaneous vertebroplasty for symptomatic cemented vertebrae. J
Spinal Disord Tech. 2012;25(8):E245–53. https://doi.org/10.1097/BSD.0b013
e31825ef90f.

Kao et al. Journal of Orthopaedic Surgery and Research          (2021) 16:269 Page 8 of 9

https://doi.org/10.1001/archinte.156.6.668
https://doi.org/10.1001/archinte.156.6.668
https://doi.org/10.1136/bjsm.33.4.276
https://doi.org/10.1136/bjsm.33.4.276
https://doi.org/10.1097/00007632-199312000-00021
https://doi.org/10.1097/00007632-199312000-00021
https://doi.org/10.1148/radiology.146.3.6828693
https://doi.org/10.1259/bjr/81974373
https://doi.org/10.1007/s00270-017-1633-1
https://doi.org/10.1007/s00270-017-1633-1
https://doi.org/10.1097/00003072-200503000-00004
https://doi.org/10.1097/00003072-200503000-00004
https://doi.org/10.1016/j.spinee.2007.05.011
https://doi.org/10.1016/j.spinee.2007.05.011
https://doi.org/10.1016/s1051-0443(07)61976-9
https://doi.org/10.1016/s1051-0443(07)61976-9
https://doi.org/10.3174/ajnr.A4027
https://doi.org/10.3174/ajnr.A4027
https://doi.org/10.2214/ajr.184.6.01841956
https://doi.org/10.2214/ajr.05.0823
https://doi.org/10.1007/s00330-013-2881-3
https://doi.org/10.1007/s00256-013-1811-4
https://doi.org/10.1016/j.spinee.2012.01.019
https://doi.org/10.1016/j.spinee.2012.01.019
https://doi.org/10.3340/jkns.2010.47.1.58
https://doi.org/10.3340/jkns.2010.47.1.58
https://doi.org/10.1097/01.BRS.0000076829.54235.9F
https://doi.org/10.2214/ajr.06.5009
https://doi.org/10.2214/ajr.06.5009
https://doi.org/10.3174/ajnr.A1666
https://doi.org/10.1016/j.jbspin.2011.12.005
https://doi.org/10.1055/s-0043-107614
https://doi.org/10.1055/s-0043-107614
https://doi.org/10.3174/ajnr.A1502
https://doi.org/10.3174/ajnr.A0500
https://doi.org/10.1097/BSD.0b013e31825ef90f
https://doi.org/10.1097/BSD.0b013e31825ef90f


32. Yang SC, et al. Comparison of sacroplasty with or without balloon
assistance for the treatment of sacral insufficiency fractures. J Orthop Surg
(Hong Kong). 2018. 29923450.

33. Grossterlinden L, Begemann PG, Lehmann W, Nuechtern J, Schumacher U,
Nagel HD, et al. Sacroplasty in a cadaveric trial: comparison of CT and
fluoroscopic guidance with and without balloon assistance. Eur Spine J.
2009;18(8):1226–33. https://doi.org/10.1007/s00586-009-1001-1 Epub 2009
Apr 22.

34. Bassem A. Georgy. Feasibility, safety and cement leakage in vertebroplasty
of osteoporotic and malignant compression fractures using ultra-viscous
cement and hydraulic delivery system. Pain Physician. 2012;15(3):223–8.

35. Georgy BA. Clinical experience with high-viscosity cements for
percutaneous vertebral body augmentation: occurrence, degree, and
location of cement leakage compared with kyphoplasty. AJNR Am J
Neuroradiol. 2010;31(3):504–8. https://doi.org/10.3174/ajnr.A1861 Epub 2009
Dec 31. PMID: 20044508.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Kao et al. Journal of Orthopaedic Surgery and Research          (2021) 16:269 Page 9 of 9

https://www.ncbi.nlm.nih.gov/pubmed/29923450
https://doi.org/10.1007/s00586-009-1001-1
https://doi.org/10.3174/ajnr.A1861
https://www.ncbi.nlm.nih.gov/pubmed/20044508

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Data statement
	Study design
	Alar sacroplasty technique

	Results
	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

