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Abstract
Purpose To evaluate technical success, complications, and
effective dose in patients undergoing CT fluoroscopy-guided
iliosacral screw placement for the fixation of unstable poste-
rior pelvic ring injuries.
Materials and methods Our retrospective analysis includes all
consecutive patients with vertical sacral fractures and/or injury
of the iliosacral joint treated with CT fluoroscopy-guided
screw placement in our department from 11/2005 to 03/
2013. Interventions were carried out under general anesthesia
and CT fluoroscopy (10–20 mAs; 120 kV; 16- or 128-row
scanner, Siemens Healthcare, Erlangen, Germany). Technical
outcome, major and minor complications, and effective pa-
tient dose were analyzed.
Results We treated 99 consecutive patients (mean age 53.1±
21.7 years, 50 male, 49 female) with posterior pelvic ring
instability with CT fluoroscopy-guided screw placement. In-
tervention was technically successful in all patients (n=99).
No major and one minor local complication occurred (1 %,
secondary screw dislocation). General complications included
three cases of death (3 %) due to pulmonary embolism (n=1),
hemorrhagic shock (n=1), or cardiac event (n=1) during a
follow-up period of 30 days. General complications were not
related to the intervention. Mean effective patient radiation

dose per intervention was 12.28 mSv±7.25 mSv. Mean pro-
cedural time was 72.1±37.4 min.
Conclusions CT fluoroscopy-guided screw placement for the
treatment of posterior pelvic ring instabilities can be per-
formed with high technical success and a low complication
rate. This method provides excellent intrainterventional visu-
alization of iliac and sacral bones, as well as the sacral
neuroforamina for precise screw placement by applying an
acceptable effective patient dose.
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Introduction

Pelvic fractures represent approximately 3 % of all skeletal
injuries [1, 2]. Of these, 17–30 % are unstable fractures of the
posterior pelvic ring including a possible disunion of the
iliosacral joint [3, 4]. Unstable pelvic fractures of the posterior
pelvic ring are potentially life-threatening injuries, which re-
quire early and effective fixation.

In most centers, percutaneous placement of iliosacral
screws is currently the most established treatment for fixation
of posterior pelvic bones [5–7]. This method was initially
performed under c-arm fluoroscopic guidance in the operating
theatre. However, c-arm fluoroscopic guidance may constitute
important disadvantages: As it can be difficult to sufficiently
visualize the posterior pelvic anatomic structures, there is a
considerable risk of screw malpositioning into the sacral
neuroforamina or extra vertebrally. This may cause severe
complications such as injury of the sacral nerves or the venous
plexus leading to paralysis or hemorrhage. Under c-arm
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fluoroscopic guidance, the incidence of malpositioning of the
inserted screws has been reported to be up to 15 % [6, 8, 9].

Therefore, in selected centers, CT-guided screw placement
has been introduced into clinical practice for the treatment of
patients with unstable posterior pelvic fractures [7, 10, 11]. CT
guidance offers an accurate visualization of the anatomical
posterior pelvic structures, as well as of the inserted guide
wires and screws, thus avoiding malpositioning and injury of
critical anatomical structures. Excellent results regarding the
safety, accuracy, and cost-effectiveness using CT-guided
screw placement have been reported [7, 10, 12, 13]. These
published clinical studies reported on screw placement under
sequential CT-guidance without the use of CT fluoroscopy.

In contrast to sequential CT guidance, CT fluoroscopy-
guided interventions can be performed faster and with lower
patient radiation dose [14–16]. To the best of our knowledge,
there was only one comparatively small technical report about
CT fluoroscopy guidance in the placement of iliosacral screws
[17]. This technical report showed an excellent technical
outcome in six patients [17]. No study reported on the
procedure-related effective patient radiation dose.

The purpose of this study was to evaluate technical success,
complications, and effective dose in patients undergoing CT
fluoroscopy-guided iliosacral screw placement for the fixation
of unstable posterior pelvic ring injuries.

Materials and methods

Patients

This is a retrospective single-center clinical study. We includ-
ed all consecutive patients with vertical fractures of the sacrum
and/or injury of the iliosacral joint who underwent CT
fluoroscopy-guided screw placement in our department from
11/2005 to 03/2013. Our institutional ethics board did not
demand approval of this retrospective study regarding the
review of clinical patient charts and images. The principles
of the Declaration of Helsinki were followed.

The local trauma department referred patients to our de-
partment after high- or low-energy trauma, or due to osteopo-
rosis, or due to metastases. Subsequently, a multidisciplinary
team consisting of an interventional radiologist, a trauma
surgeon, and an anesthesiologist confirmed the indication for
CT fluoroscopy-guided screw placement. The following in-
clusion criteria were applied:

– The instability of the posterior pelvic ring was caused by
a sacral fracture or an injury of the iliosacral joint.

– The fracture was classified as AO type B with rotational
instability or AO type C with rotational and vertical
instability.

– The indication for one screw on the affected side was
given in cases of dislocation of the iliosacral joint. The
indication for two screws on the affected side was given
in cases of vertical sacral fractures.

Procedures

All procedures were performed under general anesthesia
in collaboration of one board-certified interventional
radiologist with at least 5 years of experience in CT-
guided interventions and one board-certified trauma sur-
geon with also at least 5 years of experience in trauma
surgery. Interventions were carried out on a 16- or 128-
row scanner with CT fluoroscopy mode (Siemens
Somatom Sensation 16, Definition AS or Somatom Def-
inition Edge, Siemens Healthcare Sector, Erlangen, Ger-
many). Patients were positioned in a stable right or left
lateral position, depending on the side of the planned
screw insertion, using a vacuum mattress. First, a
preinterventional non-enhanced planning CT scan (3-
mm axial images) was performed to determine the ana-
tomical approach for an exact placement of K-wires and
screws. By means of the axial images, the suitable slice
positions for cortical entry of the K-wires were planned
with particular respect to a screw placement that would
be perpendicular to the S1 and S2 pedicles [13]. In
addition, the length of the surgical screws was calculat-
ed from the outer cortex of the iliac bone to the
intended depth of penetration.

After skin disinfection and sterile draping including the
gantry, the calculated entry points were marked with a 22-
gauge needle under CT fluoroscopy, and small skin incisions
were made, which were deepened with a clamp to facilitate
passing of wires and screws. The K-wires were introduced
into the iliac bone by the interventional radiologist with the
help of a lightweight hammer under intermittent single-shot
CT fluoroscopic acquisitions (CARE Vision CT; Siemens
Healthcare Sector, Erlangen, Germany). After correct K-wire
positioning into the first and second sacral vertebral body,
predrilling for screw insertion was performed in high bone
quality. Afterwards, the planned hollow screws (ACE DePuy,
Warsaw, IN, USA) were inserted by the trauma surgeon via
the K-wires with the use of a surgical drill using the compres-
sion effect by the screw for final injury reposition. Subse-
quently, the K-wires were removed. A final unenhanced CT
scan of the pelvic region was performed to evaluate the correct
fracture repositioning and screw position (see an example for
the intervention in Fig. 1). If there was an indication for
bilateral screw placement, the patient was positioned on the
opposite side and the procedure was repeated on the respective
side. In cases of severely osteoporotic pelvic bones, an addi-
tional sacroplasty had to be performed. After successful screw

1094 Skeletal Radiol (2014) 43:1093–1100



placement, the interventional radiologist inserted a ten-gauge
vertebroplasty cannula (Optimed Medical Devices, Ettlingen,
Germany) with a length of 15 cm into the hollow screws,
monitored by CT fluoroscopy acquisitions. Thereafter, up to
5 ml of PMMA (Biomet Osteopal V, Biomet GmbH, Berlin,
Germany) were injected through each cannula into the frac-
tured sacral region under short continuous CT fluoroscopic
acquisitions. After cement application, a control CT scan was
obtained to control the PMMA distribution (see Fig. 2). After
final skin disinfection, the surgeon performed the wound
closure using one to two stitches per screw, followed by sterile
wound dressing. The duration of the procedure was deter-
mined as the period between the first CT acquisition and the
last CT control.

Technical results

Technical success was defined as primarily successful proce-
dure with stabilization of the posterior pelvic ring.

Effective patient dose

Effective patient dose was calculated for each procedure.
Therefore, we summarized the effective dose of the
pre in te rven t iona l p lann ing CT, the sum of a l l
intrainterventional CT fluoroscopic acquisitions, and the
post-interventional control CT. Effective patient dose for plan-
ning CT scan and post-interventional control CT scan were
calculated by the following formula: E = DLP * t (effective

Fig. 1 CT fluoroscopy-guided
screw placement in a 68-year-old
male patient with bilateral vertical
fractures of the sacrum after a fall.
a CT shows bilateral vertical
fracture of the sacrum (arrows
indicating fracture lines). b
Intrainterventional CT
fluoroscopy image (patient in
right lateral decubitus position)
shows insertion of K-wire. c Final
screw position. d VRT (volume
rendering technique) image
shows final position of four
screws inserted into S1 and S2

Fig. 2 Screw placement and
sacroplasty in an 89-year-old
male patient. The fracture of the
osteoporotic sacral bone was
caused by a fall. a CT shows
bilateral sacral fracture (arrows
indicating fracture lines). b CT
fluoroscopy image shows cement
injection and partially inserted
screw in S1; after cement
injection, the screw is inserted to
its final position. In this case, the
vertebroplasty cannula was
inserted next to the screw with a
surgical hammer, with the needle
tip next to the fracture region. c
Final position of the screw and
injected cement in S1. d VRT
image of inserted screws and
cement. There is a small leakage
of PMMA in a sacral vein in S2
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dose = dose-length product * tissue weighting factor). The
tissue weighting factor for the pelvic region was defined as
t= 0.0129 [18]. The sum of all CT fluoroscopic acquisitions
was evaluated for effective dose by the adjusted formula for
CT fluoroscopy: E = DLP * k (k=0.018) [19].

Complications

To assess per interventional complications, an experienced
radiologist evaluated each CT scan and all CT fluoroscopic
acquisitions in each procedure. CT scans were evaluated for
position of the screws, bleeding, material failure, and affection
of the neuroforamina and sacral canal. Additionally, the re-
spective surgery records were evaluated. For the assessment of
post-interventional morbidity and mortality, we evaluated pa-
tient files and post-interventional imaging up to 30 post-
interventional days.

Statistical analysis

For data collection and statistical analysis, the software SPSS
Version 17.0 (SPSS Inc., Chicago, IL, USA) was used.

Results

Patient characteristics

A total of 99 patients (50 male, 49 female) with rupture of the
iliosacral joint and/or sacral fractures underwent percutaneous
CT fluoroscopy-guided iliosacral screw placement in our de-
partment between November 2005 and March 2013. The
mean age was 53.1±21.7 years (range, 17–89 years). Most
sacral fractures and iliosacral injuries were caused by high-
energy trauma (n=57), which were car accidents (n=44) or
falls from a great height (n=13). There were also cases with
low-energy trauma (n=37), which were falls by stumbling
(n=28) and sports accidents (n=9). Furthermore, there were
fractures due to osteoporosis in four patients and due to a
sacral metastasis from renal cell cancer in one patient. Frac-
tures were classified as AO type B (n=74) with horizontal
instability and vertical stability of the pelvis, or as AO type C
(n=25) with horizontal and vertical instability. Most fractures
(n=75) were limited to the sacrum without injury of the
iliosacral joint. The patient characteristics are summarized in
Table 1.

Intervention characteristics

Due to severity of pelvic injury, there were patients (n=30)
who had to undergo pelvic surgery before percutaneous CT
fluoroscopy-guided screw placement. Previous pelvic surgery
included external fixation (n=21), plate fixation of the

symphysis (n=8), or both (n=1). The mean interventional
procedure time was 72.1±37.4 min (range, 30–235 min). A
total of 222 screws were placed in 99 patients, corresponding
to a mean of 2.2 screws per patient (see Tables 2 and 3:
Intervention characteristics).

Mean effective patient dose was 12.3±7.3 mSv, including
effective dose of the preinterventional planning scan,
intrainterventional CT-fluoroscopy, and post-interventional
control scan. Mean dose length product was 860±
512 mGy*cm, consisting of planning and control CT scan
(mean DLP including both was 626±452 mGy*cm) and the
fluoroscopic CT images during procedure (mean DLP was
234±239 mGy*cm).

Cement injection was necessary in nine cases with fracture
and osteoporotic bone. There was one complication related to
the cement injection, which was a small leakage of PMMA in
a sacral vein without any consequence or further clinical
sequelae.

Technical outcome/complications

The intervention was primarily technically successful in 99
patients (100 %). There was no need of a secondary operative
or interventional revision as the screws could be positioned
correctly in all cases.

Table 1 Patient characteristics

Characteristics Number Percentage

Total number of patients 99 100

Sex

Male 50 50.5

Female 49 49.5

Age, mean ± SD (range) in years 53.1±21.7 (17–89)

Cause of instability

High-energy trauma 57 57.6

Low-energy trauma 37 37.4

Osteopenia 4 4.0

Metastases 1 1.0

Type of fracture*

AO type B 74 74.7

AO type C 25 25.3

Localization of fracture

Unilateral left 37 37.4

Unilateral right 31 31.3

Bilateral 21 21.2

Injured anatomical structures

Sacrum 75 75.7

Iliosacral joint 11 11.1

Both 13 13.1
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There was one local complication (1 %), which was a slight
dislocation of a screw. The dislocation was seen in the post-
interventional control scan, which showed the marginal perfo-
ration of the cortical bone of the neural foramen S2 (see Fig. 3).
There was no affection of the sacral nerves and the patient
showed no clinical symptoms. There was no local complication
such as screw malpositioning, material failure, harm of the

sacral canal or inter vertebral foramina, or bleeding in the
remaining 98 cases (99 %).

Post-procedural morbidity/mortality

During the 30-day post-interventional period, three cases of
death (3.0 %) occurred, with no evidence for a relation to the
screw placement procedure.

A 55-year-old woman died 14 days after the procedure due
to a hemorrhagic shock after thoracic and pelvic hematoma. A
33-year-old man had a fulminant pulmonary embolism asso-
ciated with cardiac arrest 12 days postoperatively. An 89-year-
old man died 7 days after the intervention due to an acute
coronary syndrome with heart and acute renal failure.

The post-interventional 30-day morbidity (without relation
to the procedure) was 8.1 %. The cases of ARDS/ALI (5.1%),
SIRS (1.0 %) and severe decubitus ulcer (1.0 %) were caused
during the stay in the intensive care unit. In one case, a patient
suffered post-interventional from a non-ST-elevation myocar-
dial infarction (NSTEMI).

Discussion

In this study, we report an excellent technical outcome of CT
fluoroscopy-guided screw placement for the treatment of un-
stable fractures of the posterior pelvic ring with all procedures
being technically successful, and only one local complication
(marginal screw dislocation) without consequences for the
patient. Mean radiation dose was 12.28 mSv, and mean pro-
cedure time was 72 min.

Table 2 Intervention
characteristics Characteristics Number Percentage

Local preinterventional surgery

External fixation 21 21.2

Plate fixation symphysis 8 8.1

Both 1 1.0

None 69 69.7

Operation time, mean ± SD (range) in minutes 72.1±37.4 (30–235)

Operation time per screw, mean ± SD (range) in minutes 32.7±11.4 (15–93)

Total number of screws 222

Number of screws per patient,
mean ± SD (range) in minutes 2.2±0.9 (1–4)

Effective patient dose in mSv

Dose length product (DLP) in mGy*cm

12.3±7.3 (4.4–50.4)

860±512 (319–3,830)
Cement injection

Bilateral 6 6.1

Unilateral right 1 1.0

Unilateral left 2 2.0

None 90 90.9

Cement leakage 1 1.0

Table 3 Complications/mortality/morbidity

Characteristic Number Percentage (%)

No local complication 98 99.0

Local complication

Secondary screw dislocation 1 1.0

Bleeding 0 0

Sacral nerve injury 0 0

Material failure 0 0

Post-procedural mortality*

Cardiac event 1 1.0

Hemorrhagic shock 1 1,0

Pulmonary embolism 1 1.0

No post-procedural morbidity* 88 89.9

Post-procedural morbidity*

ARDS/ALI 5 5.1

NSTEMI 1 1.0

SIRS 1 1.0

Severe decubitus ulcer 1 1.0

*30-day postoperative mortality andmorbidity after severe polytrauma or
in patients with multimorbidity. Patients were under adequate
anticoagulation after intervention
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To achieve a correct screw placement in posterior pelvic
fractures, various authors have used c-arm fluoroscopy, which
can be performed solely by surgeons in an operating room [6,
9, 20, 21]. Due to poor visualization of the posterior pelvic
anatomy, c-arm fluoroscopy-guided interventions are charac-
terized by a significant technical disadvantage: The reported
rate of screw malpositioning ranges from 2–15 % [9, 21] and
is accompanied by neurological sequelae in 0.5–7.7 % of the
cases [6, 8]. In addition, there is a report of a damage of the
superior gluteal artery [22]. In contrast, CT-guided placement
of iliosacral screws, which was first described by Ebraheim
et al. in 1987 [23], is reported to be a feasible, safe, and
appropriate technique [7, 10, 12, 13, 17]. The two largest
studies on conventional CT-guidance were published by Ziran
et al. in 2003 and by Sciulli et al. in 2007. Ziran et al. reported
on no displaced screws and no cases of infection or non-union
in 66 patients, and only one case of screw breakage at the final
follow-up, which did not require treatment [10]. The study by
Sciulli et al. included 26 patients: There were two cases of
screw dislocations in obese patients, which could be success-
fully corrected in a second session without any consequences
for the patients [7]. In three smaller case series, Blake-Toker
et al., Chmelova et al., and Iguchi et al. reported no local
complications of CT-guided pelvic screw placements [12, 13,
17]. Our results are in line with the previous reports with only
one minor complication, which consisted of a perforated
cortical bone of the second sacral neuroforamen with no
clinical symptoms, no need of a revision, and therefore no
consequences for the patient. All cases of post-procedural
morbidity and mortality were most likely related to already-
existing comorbidities or severe injuries caused by
polytrauma and not related to the procedure. We cannot prove
definitely that the deaths that did occur were not related to our

procedure. Although, all these patients suffered from the
consequences of multiple trauma and had to undergo several
trauma operations as well as our procedure. Therefore, we
think that these comorbidities overweigh the morbidity caused
by our minimally invasive procedure.

However, none of the published studies reported on the
effective patient radiation dose during CT- or CT fluoroscopy-
guided iliosacral screw placement. Computed tomography
imaging makes up the largest part of radiation exposure of
the population due to medical reasons and—particularly in
interventional radiology—it can be associated with a high
level of radiation dose for the patient as well as for the
personnel [24–26]. Therefore, we think it is important to
report the mean effective dose for the patients, which was
12.28 mSv±7.25 mSv in our study. Due to the mostly severe
injuries of the patients, we think that this is an acceptable
patient dose. Furthermore, as part of the learning curve of the
treating interventionalist and technical advancement of CT
technology, the dose might be further reduced in the future.

In our study, all screws were inserted with the use of CT
fluoroscopy guidance in cooperation of an interventional ra-
diologist and a trauma surgeon in a sterile setting in a CT-
interventional suite. We believe that this interdisciplinary ap-
proach accounts for a significantly better procedural outcome
than if it would be performed by one specialist alone, with the
interventional radiologist having profound skills in CT-
guidance and cross-sectional imaging anatomy, and the trau-
ma surgeon having skills and knowledge about fracture re-
duction and treatment as well as about the different
osteosynthetic materials such as K-wires and screws.

In comparison to c-arm fluoroscopy, the major advantage
of CT fluoroscopy-guided screw placement is the direct visu-
alization of the sacral neuroforamina and canal; however, a

Fig. 3 Case with perforation of
the cortical bone of the
neuroforamen S2 in a 40-year-old
female patient. The polytrauma
patient suffered from multiple
severe injuries after a car accident.
a Bilateral sacral fracture
indicated by arrows. b CT
fluoroscopy-guided insertion of a
screw into S2 on the left side. The
patient is positioned in a right
lateral decubitus position during
the insertion. c CT fluoroscopy
image shows modified patient
position before insertion of a
screw on the right pelvic side. d
CT control image shows
perforated cortical bone of the
second sacral neuroforamen on
the left side (star) (no clinical
symptoms, no need of revision)
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potential limitation is particularly given in obese patients with
only a limited access within the gantry during K-wire inser-
tion. Nevertheless, in our hospital, none of these patients had
to be excluded from CT fluoroscopy-guided screw placement
due to obesity, most probably because our CT scanners have a
gantry diameter of up to 78 cm (Siemens Somatom Definition
AS and Edge).

With sequential CT, reconstruction and display of the im-
ages may be time-consuming. In contrast, CT fluoroscopy is
able to provide rapid reconstruction and in-room display of the
images leading to real-time visualization during interventional
procedures, which facilitates a shorter needle placement time.
Since the introduction of CT fluoroscopy in the 1990s, several
advantages such as a lower mean patient dose, a shorter
procedure time, and an increased procedure efficacy have
been reported, when compared to sequential CT guidance
[14, 15, 27, 28]. However, radiation dose to the
interventionalist and the other staff still remains a concern
[29]. Modifications and advances of the CT fluoroscopy tech-
nique can reduce the fluoroscopic time, and effective patient
and operator dose. These include the preferential use of an
intermittent quick-check technique instead of real-time CT
fluoroscopy [29], low-milliampere CT fluoroscopy (depend-
ing on the weight of the patient), the use of radiation-
protective devices such as needle holders and special gloves,
as well as an angular beam modulation, which particularly
contributes to a substantially lower radiation dose for the
interventionalist [30]. So far, the only publication of CT
fluoroscopy guidance in pelvic screw placement was a tech-
nical report of Iguchi et al. about six patients [17]. Although
the authors did not present information about radiation dose or
cases with concomitant cement injection and only one case of
a bilateral fracture, we confirm their results regarding an
excellent technical outcome under CT fluoroscopic guidance.

Based on our results, we think that CT fluoroscopy guid-
ance might be the preferred method for insertion of iliosacral
screws in selected patients with unstable injuries of the poste-
rior pelvic ring.

However, this study does have several limitations: The
analysis has a retrospective design and included only patients
from a single institution. Further, our study was not designed
to compare the effectiveness of different guidance modalities
such as c-arm fluoroscopy, sequential CT, and CT fluoroscopy
guidance. In the future, it might be interesting to perform a
prospective, multicenter trial to compare the different above-
mentioned imaging modalities regarding technical outcome,
complications, and radiation exposure.

In conclusion, CT fluoroscopy-guided screw placement for
posterior pelvic ring instabilities can be performed with a high
technical success and a low complication rate. By applying an
acceptable effective patient dose, this method provides an
excellent visualization of the sacral nerves and the sacral canal
for precise screw placement.
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