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PURPOSE

Percutaneous cementoplasty is a minimally invasive treatment modality for painful osteoporotic
and pathologic sacral and supra-acetabular iliac fractures. This study compares the use of low-
dose CT guidance with CT/CT fluoroscopy in sacral and supra-acetabular cementoplasty.

METHODS

A retrospective review of patients who had undergone sacral or supra-acetabular cementoplasty
was performed with patients grouped by use of CT/CT fluoroscopy or low-dose CT guidance
during the procedure. Parameters evaluated included type of fracture, laterality of lesions, pain
scores, pain medication use, imaging parameters, procedure time, dose-length product, effec-
tive dose, cement volume, and complications.

RESULTS

There were 17 patients identified who underwent cementoplasty utilizing dual CT/CT fluorosco-
py, while 13 patients had their procedures performed with low-dose CT. There was a statistically
significant decrease in radiation dose in the low-dose CT group (1481 mGy-cm) compared with
the CT/CT fluoroscopy group (2809 mGy-cm) (P = 0.013). There was a significant decrease in pro-
cedure time with low-dose CT for bilateral lesions (P = 0.016). There was no significant difference
between groups in complication rate (P = 0.999). Clinically nonsignificant cement extravasation
occurred in two patients (10%) in the CT/CT fluoroscopy group and in one patient (8%) in the
low-dose CT group (P = 0.999). There was a significant decrease in pain scores compared with
baseline on the visual analogue scale in both groups at 1 week (low-dose CT P = 0.002, CT/CT
fluoroscopy P = 0.008) and 1 month postprocedure (low-dose CT P = 0.014, CT/CT fluoroscopy
P =0.004), but no difference between groups at 1 day (P = 0.196), 1 week (P = 0.368), or T month
(P=0.514).

CONCLUSION

Sacral and supra-acetabular cementoplasties can be performed safely and precisely using low-
dose multiple-acquisition CT guidance while providing significant radiation dose reduction with
no difference in extravasation rates, postprocedural pain reduction, and complications com-
pared with CT/CT fluoroscopy.

ercutaneous cementoplasty is a minimally invasive treatment modality for painful

osteoporotic and pathologic sacral and supra-acetabular iliac fractures (1-3). The per-

cutaneous treatment of sacral insufficiency fractures was first described by Garant (4)
in 2002 and its use has become increasingly common. This procedure is primarily used to
provide stabilization of fractures or lesions at risk of fracture with subsequent lessening or
alleviation of pain, allowing patients to become mobile more quickly than medical therapy
alone (5).

Frequently, percutaneous sacral and supra-acetabular cementoplasties are performed
with CT, CT and standard fluoroscopy, or CT fluoroscopy for imaging guidance (6-8). CT
provides better depiction of the osseous and neural anatomy, fracture characteristics in-
cluding neuroforaminal or intra-articular extension, and near real-time guidance for nee-
dle placement within the lesion. In addition, in pathologic fractures, CT is used to define
the extent of the underlying lesion, integrity of the osseous neuroforamina and supra-ac-
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etabular articular surface, all of which are
associated with an increased likelihood of
cement leakage and associated complica-
tions (9). While the use of CT and standard
fluoroscopy is useful, this approach is typi-
cally not practical. Among other challeng-
es, a portable C-arm fluoroscopy unit does
not have adequate power to allow high
quality imaging through the pelvis in many
patients (10). CT fluoroscopy is therefore
more widespread in use and permits re-
al-time visualization of needle tracking and
cement injection, reducing the risk of leak-
age (11). The limitations of CT fluoroscopy
include a limited scanning range, inability
to obtain orthogonal reconstructions, and
an increased radiation dose to the operator
compared with conventional CT-guided in-
terventions (12-14). However, some studies
have shown that CT-guided interventions
increase the radiation dose to the patient,
compared with CT fluoroscopy (15, 16).

At our institution, over the past two
years, we have transitioned to the use of
low-dose CT with serial imaging, without
the use of CT fluoroscopy, in the percu-
taneous treatment of osteoporotic and
pathologic sacral and supra-acetabular
iliac fractures. This approach has the po-
tential to decrease radiation dose to both
patient and operator, while also decreasing
procedure time. The objective of our study
was to retrospectively compare the use of
low-dose CT guidance alone to CT/CT flu-
oroscopy in percutaneous sacral and iliac
cementoplasty, evaluating parameters that
included procedure time, radiation dose in-
cluding dose-length product and effective
dose, procedural complications, and an as-
sessment of pain scores.

* Sacral and supra-acetabular cementoplasty
can be performed safely and precisely using
low-dose CT guidance alone. Technical suc-
cess was equal between groups. In particular,
there was no difference in extravasation rates
or complications during cement injection
with sequential low-dose CT compared with
CT/CT fluoroscopy.

* Serial imaging with low-dose CT provides a
statistically significant radiation dose reduc-
tion to both patient and operator.

* Strategies to decrease CT dose include anato-
my or attenuation-based tube-current modu-
lation, noise-reduction algorithms, tube-volt-
age reductions in nonobese patients, and
changing CT acquisitions from helical to axial.

Methods

This retrospective study was institutional
review board approved and the need for in-
formed consent was waived. Patients who
received either dual CT/CT fluoroscopy or
low dose CT percutaneous image-guided
sacral and supra-acetabular cementoplas-
ty procedures performed from 2014 to
2017 were identified from our institution’s
electronic medical record system and the
musculoskeletal radiology department’s
procedure registry. Exclusion criteria in-
cluded patients whose pelvic lesions were
not supra-acetabular in location, or those
who had concurrent thermal ablation per-
formed during the procedure.

A chart review included patient demo-
graphics, body mass index (BMI), type of
fracture (osteoporotic vs. malignant), type
of cancer, numerical pain score, qualitative
assessment of pain, and pain medication
use. Baseline characteristics are displayed
in Table 1. Procedural information including
imaging used during procedure, imaging
parameters, side/laterality of the proce-
dure, procedure time, number of introducer
needles, volume of cement, radiation dose
length product (DLP) and effective dose
was obtained. Postprocedural information
included procedural complications, numer-
ical and qualitative pain scores postproce-
dure, and pain medication use.

In the low-dose CT group, low-dose CT
was acquired utilizing either the Siemens
Somatom Sensation AS or the Siemens

Table 1. Baseline patient characteristics

Somatom Definition AS (Siemens Medical
Systems). After a planning scan (reference
parameters 100-120 kVp, automatic tube
current modulation mAS 100-200, 3 mm
contiguous slice thickness), the kVp and
mAS were each manually adjusted to 100
and 80 respectively, for all patients. The
z-axis length of the planning CT was at the
discretion of the radiologist and depended
on the sites of disease.

In the CT/CT fluoroscopy group, a plan-
ning CT scan (reference parameters: 100-
120 kVp, automatic tube current modu-
lation 100-200 mAs, 3 mm contiguous
slice thickness) was obtained, followed by
manual adjustment of the reference param-
eters to a “low-dose” CT protocol (manual
adjustment to 100 kVp and 80 mAs respec-
tively), as in the low-dose CT group, to al-
low for needle insertion. After these steps,
in this group, real-time CT fluoroscopy was
then acquired using the Siemens Somatom
Definition AS with the CARE vision system
(Siemens Medical Systems). Reference pa-
rameters were 120 kVp, 30 mAs, 6 mm con-
tiguous slice thickness; 30 mAs was chosen
as this technique best optimized visualiza-
tion for the sacral neuroforamina and fem-
oracetabular joints to detect small amounts
of early extravasation. No adjustments were
made to the CT fluoroscopy (intraprocedur-
al) parameters.

The patient was placed prone or supine
on the CT table with conscious sedation uti-
lizing intravenous midazolam and fentanyl.
The needle insertion sites were prepared

CT/CT fluoroscopy ~ Low-dose CT P
Number of patients, n 17 13
Age (years), mean+SD 69+9.94 66+12.34 0.378
Male, n (%) 4(24) 4(31) 0.999
BMI (kg/m?), median (min-max) 25.7 (20.3-48.6) 26 (20-39.5) 0.376
Patients with sacral lesions, n
Osteoporotic 8 4
Pathologic 6 5
Patients with supra-acetabular lesions, n
Pathologic 4 4
Patients with both sacral and supra-acetabular lesions, n
Pathologic 2 0
CT, computed tomography; SD, standard deviation; BMI, body mass index.
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Figure 1. a-c. A 44-year-old woman with metastatic disease from breast cancer and painful sacral lesions at risk of pathologic fracture. Procedure
performed with low-dose CT. Oblique coronal MRI fat-suppressed T1-weighted contrast-enhanced image (a) of the pelvis shows diffuse areas of marrow
replacement and enhancement in the sacrum. Prone oblique transaxial maximum intensity projection (MIP), bone-windowed intraprocedural low-dose
CT image (b) shows bilateral needles placed simultaneously along the long axis of the sacrum entering at S3 and extending to S1. Prone oblique coronal
reformatted bone windowed low-dose CT image (c) following sacroplasty shows filling of the fractures bilaterally for stabilization. Note the lack of cement
leakage into the sacral foramina.

with sterile technique, marked and local
anesthetic administered. For dual CT/CT
fluoroscopy, the needles were placed under
low-dose CT guidance alone. A caudal to
cranial oblique entry approach (i.e., enter-
ing at S3 and advancing to S1) was taken for
the sacral fractures. An anterior to posterior
approach was performed for the supra-ac-
etabular cementoplasties with one or two
needles at least 10 mm from the articular
surface. Needle insertion was done using
transaxial imaging; however, if needed,
real-time orthogonal reformats were avail-
able during the procedure in the low-dose
CT group and performed by CT technolo-
gist. Gantry tilt was not used, although it
was available.

Once the needles were appropriately
positioned, the polymethylmethacralate
(PMMA) was administered utilizing the
StabiliT Vertebral Augmentation System
(Merit/DFINE), using either low-dose CT or
CT fluoroscopy guidance. Cement injection
was performed while assessing for appro-
priate cement filling of the fracture/lesion
and for cement extravasation into a sacral
foramen, sacroiliac or hip joint. This was
done using real-time monitoring in the CT
fluoroscopy group and via sequential inter-
mittent scans in the low-dose CT group. In
the latter, the operator did not step out of
the room and was positioned in a shielded
area during the scan. If there was concern
for impending extravasation or any actual
extravasation identified, there was prompt
termination of the cement filling and repo-
sitioning of the needle(s) once the cement
had hardened.

Postprocedure images were performed
with same reference parameters to demon-
strate appropriate filling. Patients were

observed in the postprocedural recovery
area for at least 90 minutes before being
discharged home if performed as an outpa-
tient procedure. Inpatients were returned
to the inpatient care division approximately
30 minutes following the procedure. Clini-
cal follow-up was performed either in per-
son or via telephone at 1 day, 1 week, and
1 month. Procedure time was calculated by
determining the time of acquisition of the
first and last image of each procedure. Radi-
ation dose was calculated by obtaining the
DLP for each procedure, including the post-
injection imaging. The DLP is the product of
the volume CT dose index CTDI , and scan-
ning length (in centimeters) and serves as
a measure of the total amount of radiation
used during a given CT examination. An es-
timation of effective patient dose (mSv) was
derived from the recorded DLP by means of
a body-region specific conversion factor.
The conversion factor (k) for the pelvis re-
gion was derived from the United Kingdom
National Radiation Protection Board data-
set, with a k-value of 0.015 (17).

In the low-dose CT group, two patients
had CT-guided nerve root blocks per-
formed after their cementoplasty, while
in the CT/CT fluoroscopy group, one pa-
tient had a CT-guided hip injection and
one patient had a lumbar epidural, also
performed after successful cementoplas-
ty. The additional radiation DLP for these
procedures and extra procedure time was
excluded from the final calculations. One
patient in the low dose-CT group and two
patients in the CT/CT fluoroscopy group
had bone biopsies, while one patient in
each group had CT-guided hip injections.
For these patients, the needles were placed
concurrently with the cementoplasty nee-

dles, and therefore the DLP for these addi-
tional procedures were not excluded from
the total.

Examples of sacral and supra-acetabular
cementoplasty using low-dose CT are pro-
vided in Fig. 1 and using CT/CT fluoroscopy
in Fig. 2.

Statistical analysis

Statistical analyses were performed with
Stata (StataCorp 2011, Stata Statistical Soft-
ware: Release 12). Data were analyzed using
the Student t test when data were normal-
ly distributed and with the Mann-Whitney
U test when the assumption of normality
was not met. Dependent variables were
analyzed using the Wilcoxon-signed rank
test. For categorical variables, the Pearson’s
chi-square test was performed. P values less
than 0.05 were considered statistically sig-
nificant. Descriptive statistics are given as
mean =+ standard deviation, median (min-
max) and n (%).

Results

A total of 30 patients who had percuta-
neous sacral or supra-acetabular cemen-
toplasty from January 2014 to December
2017 were identified (8 men, 22 women).
There were 17 patients who had cemen-
toplasty utilizing dual CT/CT fluoroscopy,
including 3 patients who had an additional
sacral or supra-acetabular cementoplasty
for a second lesion, at a later time. There
were 13 patients who underwent low-dose
CT-guided sacral or iliac cementoplasty.
The mean age of patients was 68+11 years.
There was no statistical difference in the
median BMI of the patients in the low-dose
CT group compared with the median BMI
of patients in the CT/CT fluoroscopy group
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Figure 2. a-c. A 70-year-old woman with osseous metastatic disease from endometrial cancer and a large, painful right sacral insufficiency fracture.
Procedure performed with CT/CT fluoroscopy. Oblique coronal fat-suppressed T1-weighted axial MRI (a) of the pelvis demonstrates the right sacral
insufficiency fracture with surrounding edema. Intraoperative prone CT fluoroscopy (b) of the pelvis demonstrates needle within the right sacral lesion
with real-time visualization of cement filling. Postprocedure oblique coronal bone-windowed CT (c) of the pelvis following cementoplasty demonstrates
appropriate filling of the right sacral lesion for stabilization.

Figure 3. a-c. A 76-year-old woman with osteoporotic bilateral sacral insufficiency fractures and prior sacroplasty, now presenting for additional

cementoplasty of new lesion. Procedure performed with low-dose CT. Prone bone-windowed intraprocedural low-dose CT images of the pelvis (a) show
evidence of prior cementoplasty and a patent S1 neural foramen. Subsequent images at the end of the procedure show a small amount of cement in the
right S1 neuroforamen (b). A 22-gauge needle was then placed and contrast instilled (c), which showed perineural contrast flow and confirmed a patent

neuroforamen.

(26 kg/m?vs. 25.7 kg/m? P=0.376). Baseline
characteristics are summarized in Table 1.

A total of 20 sacral or supra-acetabular/
iliac cementoplasties were performed in 17
patients using CT/CT fluoroscopy and a to-
tal of 13 procedures were performed using
low-dose CT technique in 13 patients. The
former group included two patients who
had both a sacroplasty and a supra-acetabu-
lar cementoplasty concurrently in the same
procedure. In the CT/CT fluoroscopy group,
a total of 8 bilateral and 8 unilateral sac-
roplasties were performed. In the low-dose
CT group, a total of 8 bilateral and 1 unilater-
al sacroplasties were performed. The mean
number of introducer needles used per pro-
cedure was 1.7.The mean volume of cement
used per procedure was 15 mL. There was a
statistically significant difference in the me-
dian cement volume used in the CT/CT fluo-
roscopy group compared with the low-dose
CT group (8 mL vs. 18 mL; P =0.006).

Technical success in terms of cement
filling of the lesion was achieved in all pro-
cedures. Two cases (10%) in the CT/CT fluo-
roscopy group had non-clinically significant
cement extravasation (<1 mL) identified into
the S2 neural foramen and sacroiliac joint,
compared with one case (8%) in the low
dose CT group into the S1 neural foramen
(P =0.999) (Fig. 3). One patient in the CT/CT
fluoroscopy group experienced postproce-
dural hip pain requiring local anesthetic and
intra-articular steroid injection, although
there was no cement extravasation iden-
tified on imaging. One patient in the low-
dose CT group experienced intraprocedur-
al hypertension and tachycardia requiring
IV labetalol. Both patients’ symptoms had
resolved prior to discharge. There was no
significant difference in procedural compli-
cations between the two groups (P = 0.999).

Mean procedure time was less in the low-
dose CT group compared with the CT/ CT
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fluoroscopy group, although this was not
statistically significant (74 min vs. 85 min; P
= 0.310). When the laterality of lesions was
compared between the two modalities, there
was no difference in procedure times for uni-
lateral lesions (P = 0.5), although procedure
time for bilateral lesions was significantly less
in the low-dose CT group (P=0.016).

The median radiation DLP was also sig-
nificantly lower in the low-dose CT group
compared with the CT/CT fluoroscopy
group (1180 mGy-cm vs. 2539 mGy-cm;
P =0.003). The median calculated effective
patient dose was also statistically lower in
the low-dose CT group compared with the
CT/CT fluoroscopy group (17.7 mSv vs. 38.2
mSv; P =0.002). Procedural details are sum-
marized in Table 2.

The median patient reported preproce-
dural visual analogue scale (VAS) score was
8in both CT and CT/ CT fluoroscopy groups.
Postprocedural VAS scores for the low-dose
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CT group and the CT/CT fluoroscopy group
at 1 day, 1 week and 1 month are given in
Table 3. There was a statistically significant
decrease in VAS scores compared with
baseline at 1 week (P = 0.008) and 1 month
(P=0.014) in the low-dose CT group. There
was also a statistically significant decrease
in VAS pain scores in the CT/CT fluorosco-
py group at 1 day (P = 0.001), 1 week (P =
0.002) and 1 month (P = 0.004). There was
no difference in postprocedural pain re-
duction between the low-dose CT and CT/

Table 2. Procedural details

CT fluoroscopy group at 1 day (P = 0.143),
1 week (P = 0.510), or 1 month (P = 0.782)
(Table 4).

At 1 month, across both groups, 13 of 25
patients (52%) reported a decrease in an-
algesic use, 6 (24%) reported unchanged
use, and 6 (24%) reported increased use
compared with preprocedure pain medica-
tion use. However, there was no significant
change in pain medication use at 1 month
between the two groups (P = 0.637).

Discussion

Sacral and supra-acetabular cemento-
plasties present a unique set of challenges
to the operator. The anatomical landmarks
of the sacrum can often be difficult to ap-
preciate in bone with underlying osteo-
porosis or tumor (6). In addition, the iliac
bones of the pelvis prevent adequate vi-
sualization of the upper sacrum with later-
al fluoroscopic evaluation. The pyramidal
shape of the sacrum requires continuous
multiple projections in order to localize
instruments or implants within the sacrum
(6). Supra-acetabular cementoplasties have
the added risk of the sciatic nerve located

CT/ CT fluoroscopy levramaCT p posteriorly, necessitating an anterior ap-

proach and the risk of intra-articular leak-

Total number of procedures, n 20 13 age of contrast. CT has proven effective in

Sacroplasty 14 (70) 9(69) providing better visualization of the anato-

my, guidance for ease of needle placement,

Supra-acetabular cementoplasty 4(20) 431 observing fractures with intraforaminal or

Concurrent sacral and supra-acetabular 2(10) 0 intra-articular extension and evaluating for

cementoplasty cement extravasation (18). In addition, the

use of CT in obese patients may also facil-

e itate the procedure and reduce the overall
Unilateral lesions 12 (60) 5(38) time required for cement installation (8).

Many modern CT scanners are now

Bilateral lesions 8 (40) 8(62) equipped with biopsy software packages

Procedure time/min that allow the acquisition and display of

three or more slices in one rotation of the

All lesions 825 (51-198) 66 (41-147) drie scanner. The newer shielded scanners also

Unilateral lesions 70.5 (51-198) 67 (47-121) 0.958 allow the radiologist to remain in the room

Bilateral lesions 89.5 (70-124)

Cement volume per procedure (mL) 8 (4-40)
Dose-length product (mGy-cm) 2539 (1227-7900)
Effective dose (mSv) 42.7 (18.41-118.5)
Procedural complications
Cement extravasation*

Other complication

64.5 (41-147)
18 (2-23)
1180 (633-3463)

22.4(9.75-51.95)

1(8)

1(8)

while scanning without receiving the radi-

0.016 ation dose, as is the current practice in our
0.006 institution. By pressing the foot pedal in the
room, the radiologist performing the in-
0.003 tervention can immediately obtain a small
0.002 number of contiguous slices, which allows
verification of the needle position and cor-
rection of the position, if necessary (19).
0.999 The use of low-dose, multi-slice CT is
becoming increasingly common in other
0.999

areas of image-guided intervention, includ-

Data are presented as n (%) or median (min-max).
CT, computed tomography.
*All cement extravasation cases were clinically nonsignificant.

Table 3. VAS scores for pain within groups

ing lung biopsies, spinal injections, and ab-
dominal drainage. However, there are still
limited instances when continuous-mode

P
Baseline VAS* 1dayVAS*  1weekVAS* 1 monthVAS* Baselinevs.1day Baselinevs.1week Baselinevs.1 month
CT/CT fluoroscopy 8(5-10) 5(0-10) 5(0-10) 5(0-10) 0.001 0.002 0.004
Low-dose CT 8(5-10) 6 (0-10) 5(0-8) 5(0-8) 0.092 0.008 0.014

VAS, visual analogue scale; CT, computed tomography.
*Data are presented as median (min-max).
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Table 4. Comparison of VAS scores for pain between groups, relative to baseline

Decrease in VAS scores compared with baseline

CT/CT fluoroscopy Low-dose CT P
1 day -4.5(-8t0 0) -25(-5t02) 0.143
1 week -5(-8to 0) -4 (-5to-1) 0.510
1 month -45(-10to 1) -4 (-4t0-2) 0.782

Data are presented as median (min-max).
VAS, visual analogue scale; CT, computed tomography.

CT fluoroscopy may be appropriate, such
as real-time placement of a needle into a
small pulmonary nodule that is moving
with respiration in patients with inconsis-
tent breath-holds or experiencing difficul-
ty in holding their breath or when a “very
narrow” safe path is available for placing
the interventional instruments, and critical
structures need to be avoided and thus vi-
sualized in real time (20, 21).

It is generally agreed that radiation dos-
es used in diagnostic and interventional
procedures should be as low as reasonably
achievable. When considering any inter-
ventional procedure, some authors have
proposed that there is increased radiation
to the patient with conventional CT (22),
while others have shown that CT fluorosco-
py increases radiation dose to the patient
(19, 23). However, there is a paucity of stud-
ies in the literature that has evaluated the
radiation dose in sacral intervention, and
in particular, utilizing low-dose CT. In this
study, we show that using low-dose CT can
significantly reduce radiation dose to both
the patient and the operator. In low-dose
CT, only a definable single stack of images is
obtained when the foot pedal is depressed.
In contrast, in CT fluoroscopy, the patient is
exposed to ionizing radiation as long as the
radiologist is pressing the foot pedal. More
commonly, procedures are performed us-
ing the “quick check technique” where the
needle position is verified by a short CT
fluoroscopy spot, which also results in a
non-trivial radiation dose, although the
dose is lower when compared with stan-
dard CT fluoroscopy (19).

There are a number of strategies available
to reduce radiation dose in both modalities.
In procedures utilizing CT fluoroscopy, the
majority of the radiation dose is contributed
by the planning CT scan rather than the pro-
cedure itself. Paik successfully showed that
replacing the planning helical CT with a spot

CT fluoroscopy and adjusting subsequent
patient positioning during scout and plan-
ning scans, was able to reduce the total radi-
ation dose without compromising technical
performance in cervical and lumbar transfo-
raminal epidural injections (24, 25). Howev-
er, it is important to note that replacing the
preliminary helical CT with an in-room spot
CT fluoroscopy may expose the operator to
higher radiation doses (25) compared with a
small field-of-view, low-dose CT scan.

Strategies to decrease radiation doses
using CT have ranged from changing CT
acquisitions from helical to axial, reducing
tube current, and reducing nonessential
imaging (21). If two percutaneous interven-
tions are being performed in a single ses-
sion, the planning image can be obtained
at the level of both regions of interest and
both percutaneous entry sites marked at
the same time, eliminating the need for
multiple planning images and reducing
patient dose (26). This may explain our find-
ing that procedure time was significantly
less for bilateral lesions when performed
using low-dose CT. Adding anatomy or
attenuation-based tube-current modula-
tion, noise-reduction algorithms, and/or
tube-voltage reductions in nonobese pa-
tients may further reduce patient radiation
doses, and these are strategies that have
been successfully employed at our institu-
tion (27).

Artner et al. used a multifaceted ap-
proach to decrease radiation exposure that
included modifications to the parameters
of the scout images, planning CT, and in-
traprocedural images (28, 29). In particular,
patient selection for reduced radiation ex-
posure protocol occurred on the basis of
BMI. The relationship between increasing
BMI and increased radiation dose is well
established, with dose exposition increased
by up to 96% in obese patients undergoing
CT (30). In our study, there was no signifi-
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cant difference between the BMI of patients
in both groups.

In all procedures, cement was injected
in small aliquots of 0.3-0.5 mL into the tar-
get for deposition. There was a significantly
greater use of PMMA cement with low-dose
CT guidance compared with CT/CT fluo-
roscopy. However, it is difficult to draw any
meaningful conclusion from this fact, given
the variability of lesion sizes and the great-
er proportion of bilateral cementoplasties
in the low-dose CT group (62%) compared
with the CT/CT fluoroscopy group (47%).

Overall technical success of the proce-
dure in terms of safety and effectiveness,
as evidenced by procedure completion
of all attempted cases without significant
complication and subsequent significant
reduction in pain, is comparable to several
large single-center cohort studies (31-33),
although there is a paucity of large multi-
center studies. In our study, the asymptom-
atic cement extravasation into the sacral
neural foramina and sacroiliac joint were
promptly identified, using either sequential
low-dose CT scans or real-time CT fluoros-
copy, and were similar between the two
groups. While real-time visualization of ce-
ment injection/extravasation is a desirable
benefit of CT fluoroscopy, there was no
significant difference in the extravasation
rates compared with CT guidance alone. In
addition, in our experience, we have found
that using sequential low-dose CT does not
delay early identification of any extravasa-
tion, which is important in limiting severity
of nerve injury, should this occur.

Both treatment groups had a significant
reduction in pain. The number of patients
who experienced decreased pain is slightly
less than that reported by Bayley et al. (34),
in which the patients reported 75%-100%
relief of sacral pain and a significant de-
crease in opioid prescriptions. However, this
may be a reflection of our small sample size
and our inclusion of patients with patho-
logic fractures.

There are some limitations to this study.
The current analysis is based on a small
sample size and retrospective data from a
single institution. Most of the procedures in
this study were performed by a single op-
erator with expertise in this field. It is likely
that operator experience and complexity of
the patient and planned intervention could
impact on the multiple parameters assessed
in this study. Comparing the results of two
operators with similar experience but differ-
ent techniques would have provided more
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meaningful information; however, the data
and patient numbers obtained were not ad-
equate for this analysis. As neither patient
size nor weight was recorded, image quali-
ty depending on different scanner settings
was not evaluated.

In conclusion, the findings of this study
demonstrate that sacral and supra-acetab-
ular cementoplasties can be performed
safely and precisely using low-dose multi-
ple-acquisition CT guidance alone. A direct
comparison of the two imaging modali-
ties for a specific procedure (sacroplasty/
supra-acetabular cementoplasty) showed
that there was no difference in extravasa-
tion rates, postprocedural pain reduction
and complications. The derived clinical
implication is that serial imaging with low-
dose CT provides statistically significant ra-
diation dose reduction to both patient and
operator and obviates the need for CT fluo-
roscopy in these procedures.
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