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Pelvis; Introduction: The main complication of percutaneous iliosacral screw fixation is implant malpo-
Fracture; sition, which can lead to vascular and nerve damage. The anatomical variability of the sacrum
Iliosacral screw; can make screw insertion difficult under fluoroscopic guidance. Among the methods described
Dysmorphism; to improve the accuracy of this technique, stands out the use of computed tomography (CT).
Navigation; The aim of this study is to compare the results of iliosacral screw insertion with fluoroscopy or
Computed CT navigation.

tomography; Methodology: Retrospective cohort study of 66 iliosacral screws in 56 patients during 11 years.
Complications The screws were inserted with fluoroscopy in the operating room or with CT in the radiodiag-

nosis area. We collected data on patient characteristics, lesions, treatment, and clinical and
radiological results.

Results: Forty-seven screws were inserted with fluoroscopy and 19 with CT. A percentage of
18.2 of screws perforated the S1 osseous corridor. All of them were inserted with fluoroscopy
guidance (0 vs. 34%; p<0.01). Those operated with CT accumulated more sacral dysmorphism
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criteria than those operated with fluoroscopy (2.2 vs. 1.6; p=0.02). The S1 corridor on the
axial CT view was narrower in those in whom perforation had occurred (18.8 vs. 21.0mm;
p=0.02). Two cases with perforation developed S1 radiculalgia. Two endopelvic screws had to
be removed.

Conclusion: We advise the use of CT guidance for iliosacral screw insertion in patients with
sacral dysmorphism or narrow S1 corridors in facilities where other navigation methods are not
available.

© 2023 SECOT. Published by Elsevier Espana, S.L.U. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

PALABRAS CLAVE Insercion de tornillos iliosacros S1 en la sala de tomografia computarizada. Una
Pelvis; alternativa para mejorar la seguridad en el tratamiento percutaneo de las lesiones
Fractura; posteriores del anillo pélvico

Tornillo iliosacro;

Dismorfismo; Resumen - o o , I
Navegacion; Introduccroq: .L’a prmgpal complicacion de la .osteosm.tesw percutanea con tgrmllos ll1os§crgs
Tomografia es la malposicion del implante que puede ocasionar lesiones vasculares y nerviosas. La variabil-

idad anatomica del sacro llega a dificultar la insercion del tornillo bajo control fluoroscépico.
De entre los métodos descritos para mejorar la precision de esta técnica, destaca el uso de
la tomografia computarizada (TC). El objetivo del estudio es comparar los resultados de la
implantacion de tornillos iliosacros con fluoroscopia y TC.

Metodologia: Estudio de cohortes retrospectivo sobre 66 tornillos iliosacros implantados en
56 pacientes durante 11 afos. Estos fueron introducidos con fluoroscopia en el quiréfano o con
TC en el area de radiodiagndstico. Recogimos datos sobre las caracteristicas de los sujetos, sus
lesiones, el tratamiento y los resultados clinicos y radiologicos.

Resultados: Cuarentay siete tornillos fueron implantados con fluoroscopia'y 19 con TC. EL 18,2%
de los tornillos perforaba el corredor S1. Todos ellos se intervinieron con fluoroscopia (0 vs. 34%;
p < 0,01). Pese a ello, los intervenidos en TC acumulaban mas criterios de dismorfismo sacro que
los intervenidos con fluoroscopia (2,2 vs. 1,6; p = 0,02). El corredor S1 en la TC axial era mas
estrecho en aquellos en que se habia producido una perforacion (18,8 vs. 21,0 mm; p = 0,02).
Dos casos con perforacion desarrollaron una radiculalgia S1. Fue necesario retirar 2 tornillos
endopélvicos.

Conclusion: Aconsejamos el uso de la guia por TC para la insercion de tornillos iliosacros en
pacientes con sacros displasicos o corredores estrechos en S1 en instalaciones que no dispongan
de otros métodos de navegacion.

© 2023 SECOT. Publicado por Elsevier Espaiia, S.L.U. Este es un articulo Open Access bajo la
licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

computarizada;
Complicaciones

The aim of the present study is to compare the results of
ISS insertion using as an imaging guide conventional fluoro-
scopic guidance (FG) in the operating theatre with CT in the
radiodiagnostic area. The secondary aim is to describe the
technique of ISS fixation with CT.

Introduction

Percutaneous iliosacral screw fixation (ISS) plays an indis-
pensable role in the osteosynthesis of unstable pelvic ring
fractures. However, the variability in the morphology of
the sacrum can impede interpretation of the radiologi-
cal anatomy, leading to penetration of the implants into
extraosseous anatomical spaces and damage to vascular and
nerve structures.’

Methodology

We obtained the approval of our Clinical Research Ethics

In recent years, various navigation-based technologies
have emerged that allow better implantation of ISS in a
radiation-free environment. However, these instruments are
currently expensive, which hinders their widespread use.*”’

Implantation of CT-guided ISS in the radiodiagnostic area
has emerged as an alternative to conventional fluoroscopy
and has improved the accuracy of this procedure. It is
an effective and safe method that can be used in most
hospitals.?-'*

Committee - reference PR(ATR)369/2020 - prior to conduct-
ing the present retrospective cohort study, and its wording
was adapted to the recommendations of the STROBE state-
ment. All the patients underwent surgery at a single public,
level lll university hospital during the period from September
2010 to September 2021. We included all skeletally mature
patients (age 18 years or older) with pelvic ring fractures
whose subsequent injury had been stabilized with CT-guided
ISS in S1 in the radiodiagnostic area or, alternatively, in the
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operating theatre with FG and who had undergone a postop-
erative control CT scan. The use or not of intraoperative CT
guidance for ISS placement defined the 2 exposure groups.
We excluded lumbopelvic dissociations and cases that had
undergone open reduction of the posterior lesion had been
performed. A postoperative follow-up period of 1 year was
considered.

Data on the patients’ baseline characteristics, injuries,
treatment, clinical and radiological findings were collected
on paper forms and transcribed into an identity-coded
database in Microsoft Excel format. We used RAIM Viewer
software (Corporaci6 Sanitaria Parc Tauli, Spain) for radio-
logical assessment. The images assessed were plain pelvic
radiographs obtained urgently during the initial manage-
ment of the patient; preoperative CT for ISS fixation,
whether obtained during emergency care or at some point
before surgery for planning purposes; intraoperative CT, if
the ISS were inserted using this imaging method; and/or
postoperative control CT, if the ISS were inserted under FG.
Each image was evaluated once by one of the 3 designated
investigators (CAPC, FBC, and EGA). The systems described
by Tile,' Denis et al.,'® and Day et al."” were used to classify
the lesions.

The outlet view on plain radiography and preoperative
CT were used to determine the presence of the 6 criteria
for sacral dysmorphism (SD)' (Fig. 1). In addition, the max-
imum width in millimetres of the S1 corridor was assessed
on coronal and axial slices of the preoperative CT scan. The
definitive position of the implants was assessed on intraoper-
ative CT or, alternatively, on postoperative CT. Penetration
of the anatomical space was determined according to the
criteria proposed by Smith et al.*: grade 0, no perforation;
grade 1, perforation <2mm; grade 2, perforation 2-4 mm;
and grade 3, perforation >4 mm.

Data analysis was performed using Stata 14.2 software
(StataCorp, USA). Continuous variables were expressed using
mean and standard deviation. Counts and percentages were
used for categorical variables. Because it was not possible to
guarantee the normal distribution of quantitative variables,
we used the nonparametric Wilcoxon-Mann-Whitney test
for the comparison of means. To compare categorical varia-
bles, we used Pearson’s nonparametric x? test. Any bilateral
test with a p <.05 result was considered statistically signifi-
cant.

All patients were attended in our emergency department
according to the guidelines of the advanced trauma life
support protocol. Both preperitoneal packing and angioem-
bolisation were used for initial management of pelvic
haemorrhage. Initial stabilization of the pelvic skeletal
injury included the use of pelvic hammocks and external
fixators. A bladder catheter was inserted urethrally or, alter-
natively, through a cystostomy in all patients. The treatment
of open fractures included, according to the best evidence,
early administration of antibiotics, surgical debridement
and irrigation of the wounds, and adequate coverage. Once
they had come round, depending on their therapeutic needs,
the patients were transferred to an intensive care unit or to
the inpatient ward. Surgery for definitive pelvic stabilization
was performed when the patients were sufficiently stable,
and the procedures were properly planned. In all cases, peri-
operative antibiotic prophylaxis was administered according
to hospital guidelines. A team of surgeons specializing in

pelvic trauma were in charge of the definitive treatment of
all injuries. The decision to insert the ISS in the operating
theatre under FG or in the CT suite was made by the senior
co-authors of the paper (JTS and JTH) based on the SD crite-
ria and the morphology of the corridor in S1 on the available
imaging tests.

Patients in whom FG was used underwent surgery in a
conventional operating theatre under general anaesthesia.
Depending on the patient’s volume and the fixation needs
of the anterior pelvic elements, the patient was placed in
supine (usually) or prone position; always on a radiolucent
table. The fixation sequence was planned according to the
instability pattern of each case. For ISS insertion, we used
the technique originally described by Matta and Saucedo,
in which visualization of the corridor is possible thanks to a
combination of FG in AP, outlet, and inlet views.'® We added
the FG view of the sacrum in profile to locate the entry point
of the ISS in the iliacus."

The patients in whom the ISS were implanted in the CT
suite received general anaesthesia in the operating the-
atre and were transferred under orotracheal intubation and
mechanical ventilation to the radiodiagnostic area, located
on a lower floor and a 60m walk from the surgical area.
The operating theatre used for anaesthesia was left unoccu-
pied and prepared for potential conversion to open surgery.
In cases where it was only necessary to insert an ISS, the
patient was positioned in lateral decubitus with the injured
side up on the CT scanning table. To maintain the desired
position, supports were placed on both sides of the tho-
rax and abdomen, which were fastened to the examination
table with adhesive tapes (Fig. 2A and B). If bilateral poste-
rior osteosynthesis was required, the patient was positioned
prone, avoiding decubitus over the bony prominences. Once
the patient was positioned, it was verified that no element
interfered with the normal sliding of the examination table.
For the preliminary location of the ISS entry point, the CT’s
control laser was used when it was projected on a slice that
provided a safe corridor in all planes (Fig. 2C). Occasionally,
a spinal needle was used to anticipate the position of the
guide wire used for insertion of the ISS. Once the cut offer-
ing a safe corridor was determined, an attempt was made to
keep the ISS wire parallel to the control laser on the sagit-
tal plane, so that only the entry point and navigation of the
wire on the axial plane had to be controlled. The notching
included a rectangular area peripheral to the anticipated
entry point (Fig. 2D). Both the scrub nurse and the lead sur-
geon were positioned at the patient’s back (Fig. 2E). The
position of the guide wire was checked frequently with the
aid of CT, confirming that it passed through a safe corridor
past the lesion area (Fig. 2F). Once the final length of the
implant was determined with the help of gauges and the CT
scan itself, drilling and insertion of the ISS was performed
(Fig. 2G). At the end, a CT scan of the entire pelvis was
acquired to certify the adequate position of the implants
and the correct reduction of the injury. In the event that,
once posterior stabilization had been completed, stabiliza-
tion of the anterior elements was required, the patient was
transferred back to the operating theatre the remainder of
their pelvic injuries operated. All CT procedures were per-
formed on a multidisciplinary basis, with the collaboration of
radiologists and radiology technicians with extensive expe-
rience in musculoskeletal intervention, who operated the
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Figure 1

Anatomical criteria for sacral dysmorphism. CT images of a pelvis that meets all the anatomical criteria for sacral

dysmorphism (top) and one that meets none (bottom) are shown: (A) Collinearity of the S1 platform with the iliac crest. In the
image below, the platform is clearly inferior to the iliac crests. (B) Mammillary tubercles. (C) Acute sacral slope. In the image below,
the slope is reversed. (D) Non-spherical and irregular S1 foramen. (E) Persistence of residual intervertebral disc between S1 and
S2. (F) Tongue-in-groove sacroiliac joints. In non-dysmorphic pelvis, the profile of the sacroiliac joints in the axial section of the CT

scan is regular.

CT apparatus and collaborated in the interpretation of the
images (Fig. 3).

For osteosynthesis with ISS, 6.5 and 7.5mm cannu-
lated screws with partial or complete thread were used,
depending on the injury pattern; washers were used in
all cases. Stabilization of the anterior ring of the pelvis
included osteosynthesis with plates, the use of supraacetab-
ular external fixations as definitive treatment for 6-8 weeks,
and conservative treatment. If necessary, the same surgical
session included stabilization of other skeletal injuries. The
interventions were concluded with haemostasis, lavage, and
closure in layers of the surgical wounds.

The patients were observed as inpatients until their
injuries and medical conditions had sufficiently improved.
Physiotherapy was started as early as possible. How-
ever, non-weightbearing of the injured sacroiliac joint or
hemisacrum was maintained until 8-12 weeks after the pro-
cedure. Outpatient follow-up included periodic clinical and
radiological examinations.

Results

During the study period, 279 pelvic ring injuries were oper-
ated on in our hospital. We detected a total of 75 patients

with ISS implanted in the CT suite or under FG with a
postoperative control CT scan. We discarded 14 cases with
insufficient follow-up and 5 who had undergone open reduc-
tion. In the end, we had 56 patients and 66 ISS for analysis
(10 bilateral cases). These were 34 men and 22 women with
a mean age of 45.7 +19.0 years. Of the patients, 85.2% had
an injury severity score > 16, which is a situation of poly-
trauma. Sacral fractures (76.8%) and, consequently, partial
instability or Tile B patterns (83.9%) caused by traffic acci-
dents (55.4%) or falls (30.4%) prevailed. There were 2 open
fractures.

External fixation was used in the initial stabiliza-
tion of 25 patients. Angioembolisation was used in the
control of pelvic haemorrhage in 16 cases, while preperi-
toneal packing was used on only one occasion. The ISS were
inserted in the CT suite in 17 patients (30.4%) and in the
operating theatre under FG in 39 (69.6%), making a total
of 19 and 47 ISS, respectively. All patients remained stable
during the transfer from the surgical area to the radiodi-
agnostic area, and during the CT-guided procedure. The
average number of days from trauma to ISS insertion was
10.0+9.7 days, which was not influenced by the technique
used (9.6 days delay using FG vs. 11.1 with CT; p=.27). Hos-
pitalisations were prolonged, with an average of 46.1 +33.7
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Figure 2  Technical details for iliosacral screw insertion in the CT suite.

days. Table 1 shows detailed information on the charac-
teristics of the patients, their injuries, and the treatment
applied.

Twelve of the 66 ISS perforated the S1 corridor at some
point (18.2%). The intervened pelvises accumulated an aver-
age of 1.9 +1.7 SD criteria, which was more pronounced in
patients intervened using CT with respect to FG (average 2.6
vs. 1.6; p=.02). All the morphological features of SD were
more frequently present in the patients operated using CT,
except for the presence of residual S1 disc, which was also
the most common variant (Table 2). Nevertheless, all per-
forations occurred in cases where FG was employed (.0%
vs. 34.0%; p<.01). In contrast, there were no differences
in SD in patients with and without perforation intervened
under FG (mean SD criteria 1.7 vs. 1.7; p=.81). The maxi-
mum width of the S1 corridor on axial CT slices was smaller
in cases where perforation had occurred (18.8 vs. 21.0 mm;
p =.02), which was not confirmed for the coronal plane (20.0
vs. 19.6 mm; p=.73). However, there were no differences
between CT and FG in corridor width in the axial (20.0 vs.
20.8 mm for CT and CF, respectively; p=.55) or coronal (19.6

vs. 20.0mm; p=.73) plane, and therefore this was not a
determining variable to indicate one technique or the other.
Neither did the fracture pattern have a significant influence
on surgical indication or the risk of perforation of spaces.
Eight of the perforations were grade Ill and 4 were grade
IV. Seven cases involved the ipsilateral S1 foramen (inferior),
4 involved the endopelvis (anterior) and one involved the
sacral medullary canal (posterior). In 2 of the ISS in which
an anterior perforation had occurred, it was considered that
its location put endopelvic structures at risk and impeded
their correct mechanical functioning (Fig. 4). Because these
were elderly patients with low demands and partial pos-
terior instability, it was decided to simply remove the ISS,
which did not interfere with consolidation. Two cases devel-
oped S1 radiculalgia after foramen perforation, but no motor
deficit. The symptoms were tolerable and improved progres-
sively with the administration of oral neuromodulators, and
therefore the ISS were retained. There were no other cases
of conflict with noble structures located in the perforated
spaces. No other local complications or causes for reopera-
tion related to stabilization with ISS were detected during
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Table 1  Characteristics of the patients, their injuries, and treatment.
Patients

Sex 34 males, 16 females

Age (years) 45.7+19.0

SSl 27.1+12.9

ASA 1=16, I1=18, 1lI=20, IV=2

Mechanism of injury Traffic accident =31, fall=17, other=8
Injuries
Tile’s classification® B, partial posterior instability (rotational) =47
B1, open-book =5
B2, unilateral lateral compression =36
B3, lateral compression and contralateral open-book =6
C, complete posterior instability (rotational and vertical) =9
C1, unilateral=5
C2, bilateral=3
C3, associated with acetabular fracture =1
Sacroiliac fracture-dislocation =7; Day’s classification:
I, the dislocation covers one to two thirds of the joint=1
I, the dislocation covers the entire joint=6
Fracture of sacrum =43; Denis’s classification:
I, lateral to the foramen=17
Il, transforaminal =25
I1l, medial to the foramen =1
Sacroiliac dislocation = 16; Tile classification:
B1, rotational instability =7
C1, multidirectional instability =9

Posterior anatomical injury®

Treatments
Initial stabilization
Control of pelvic haemorrhage
Iliosacral screw navigation
Anterior stabilization

Pelvic hammock =31, EF =25
Angioembolisation = 12, packing =1
Fluoroscopy = 39; CT suite=17

Conservative =27, EF =18, anterior plate=11

ASA: American Society of Anaesthesiologists’ physical status classification; CT: computed tomography; EF: external fixation; ISS: injury
severity score.

2 Tile classification'® of a total of 56 pelvic ring injuries.

b Individual classification of each of the 66 posterior injuries treated with iliosacral screw according to the classifications of Day et al., "’
Denis et al.,'® and Tile."®

Table 2 Criteria for sacral dysmorphism based on iliosacral screw navigation under fluoroscopic guidance or computed
tomography.

S1 collinearity Mammillary Acute sacral Irregular S1 Residual S1 disc  Tongue-in-
with iliac crest  tubercles slope foramen groove
sacroiliac joints
FG 7 (18.0) 10 (25.6) 7 (18.0) 10 (25.6) 17 (43.6) 12 (30.8)
TC 5(29.4) 10 (58.8) 8 (47.1) 8 (47.1) 6 (35.3) 8 (47.1)
Total 12 (21.4) 20 (35.7) 15 (26.8) 18 (32.1) 23 (41.1) 20 (35.7)

CT: computed tomography; FG: fluoroscopic guidance.
The distribution of sacral dysmorphism criteria is represented as count (percentage).

the study period. All fractures consolidated and all disloca-
tions were considered resolved in an average of 4.6 £2.4
months, with no differences between FG and CT.

Discussion
The management of unstable pelvic fractures is a real

challenge in the field of orthopaedic trauma. Correct
osteosynthesis of the posterior pelvic elements is of

paramount importance to achieve a stable ring. Open
reduction, usually performed through posterior approaches
to the sacroiliac joint, has high complication rates, espe-
cially infection.?’ The description of percutaneous fixation
techniques with ISS was a true revolution in the manage-
ment of these fractures, as an indispensable tool in modern
osteosynthesis of the pelvic ring.'®?'

Percutaneous osteosynthesis with ISS involves a mini-
mal risk of infection; the main complication is implant
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Figure 3  Multidisciplinary collaboration in the insertion of
iliosacral screws with CT. On the left, the 2 surgeons perform
the procedure. On the right, the interventional musculoskeletal
radiologist controls the CT scan. The radiology technician col-
laborates in the control of the apparatus and the generation of
images of clinical interest during the procedure.

malposition, which is 6% globally and can reach up to 30%.
Penetration of the screw into anatomical spaces may cause
or worsen L5 and S1 nerve damage.?”"?* In this case, it is
advisable to remove or modify the position of the screw.?
Particularly frequent is abruption in the S1 foramen, where
there is an average safety margin between the cortex and

the implant of only 3mm.? In the present work, we found
that 18.2% of ISS perforated the S1 corridor. We interpret
the figure to be attributable to the fact that only patients
were included with available postoperative CT scans, which
were probably requested in more complex fractures or
in cases where there was a prior suspicion of penetra-
tion. However, the reduction manoeuvres themselves can
cause deterioration of neurological status, and therefore,
whenever possible (conscious and cooperative patient)
the preoperative neurological examination should be
documented.®

There are several risk factors for ISS malposition, most
notably patient obesity, fracture malreduction, vertical
instability patterns, corridor narrowing at $1, and SD."223:%4
SD has been reported in the population with a prevalence
ranging from 30% to 50%."%2%%” The morphology of the dys-
plastic sacrum makes the use of transacral and transiliac
screws impossible, and hinders the anatomical interpreta-
tion of the corridor, increasing the risk of penetration of
extraosseous spaces and the consequent onset of vascular
and nerve lesions.'

CT navigation is an effective method for improving the
accuracy of ISS insertion with respect to FG. It allows bet-
ter interpretation of the posterior pelvis anatomy in obese
patients or patients with SD, contributing to better implant
placement and reduction of complications. It facilitates cor-
rection in the position of the ISS and the identification
of structures at risk in real time. Furthermore, it can be
organized in most hospitals, as it does not require tech-
nical means beyond those usually present in any radiology
department.®'* The use of CT resulted in the absence of
implant malposition despite a higher aggregation of SD cri-
teria, which is consistent with previously reported data.?~'*
Paradoxically, we found no difference in SD intensity in
patients undergoing surgery with FG in whom space penetra-
tion had occurred with respect to those in whom it had not
occurred. We interpret this finding as a limitation of FG over
and above the difficulties posed by the radiological evalua-
tion of the sacral anatomy variable. However, the use of CT
raises a number of trade-offs.

CT cannot be performed in patients with extreme obe-
sity who exceed the maximum weight supported by the
examination table or the diameter of the tunnel.’® Another

Figure4 Caseswith anterior iliosacral screw perforation in which early implant removal was performed. (A) The image corresponds
to a 72-year-old patient who suffered a traffic accident resulting in a sacroiliac fracture-dislocation type Ill of Day’s classification
(Tile B2 and Young-Burgess LC-11). Insertion under fluoroscopic guidance resulted in anterior perforation of the iliosacral screw,
which was removed as soon as it was discovered. The malposition had no repercussions on endopelvic structures. (B) An 81-year-old
woman, victim of a traffic accident, suffering a similar injury to the above: Day 1, Tile B2, and Young-Burgess LC-Il sacroiliac
fracture-dislocation. After the fluoroscopic technique, the iliosacral screw was removed. There was no involvement of endopelvic

structures.

T259



J.V. Andrés-Peird, C.A. Piedra-Calle, F. Blasco-Casado et al.

drawback is the need for multidisciplinary collaboration
which, although enriching, could cause delays due to incom-
patibilities in the schedules of surgeons and radiologists. In
our work, fortunately, this collaboration did not result in a
significant increase in delays in performing the procedure.
Potential vascular or nerve damage while performing the
procedure in a radiodiagnostic area poses a dilemma regard-
ing patient safety.* The main concern with the use of CT
is the accumulated ionizing radiation dose to both patient
and staff, with its inevitable long-term health risks. Minimal
dose adjustment and radiological protection of particularly
sensitive body areas is always advisable.®'%"" |t is also nec-
essary to stress the need for rational use of CT over FG in
ISS insertion, as FG can offer good results in patients with
an adequate S1 corridor.

In recent years, navigation-based tools have been devel-
oped that aim to improve the results of ISS insertion with
FG while reducing CT radiation doses. These are techniques
that are more accurate than FG, but not yet more accurate
than CT. They also require the involvement of very expensive
technical means, which limits their use in most settings.*””

We acknowledge the limitations of the present study,
which include its retrospective nature, the absence of ran-
domization, and each radiological image being evaluated
on a single occasion and by a single investigator, which
precludes an analysis of concordance. Due to the usual con-
catenation of procedures in the same surgical session, it was
not possible to collect the specific duration of ISS placement,
nor do we have data on the radiation dose associated with
the procedures. Nevertheless, we believe that the consider-
able sample size, the detailed description of this technique,
and the enormous potential to apply it in diverse settings
make the messages conveyed by this work of interest to the
orthopaedic community.

In conclusion, ISS is a safe and effective method for stabi-
lization of posterior pelvic ring injuries, implant malposition
being the most common complication. Navigation under FG
can be technically demanding, especially in patients with
SD. We advise the use of CT guidance for ISS insertion in
patients with dysplastic sacrum or narrow corridors in S1 in
facilities where other navigation methods are not available.

Level of evidence

Level of evidence .

Data availability

Data supporting the findings of this paper are available from
the corresponding author, JVAP, upon reasonable request.

Ethical considerations

This study was approved by our Clinical Research Ethics Com-
mittee (REC); reference number PR(ATR)369/2020. This is a
retrospective study. Conducting the study did not involve any
risk to patients and all data collected are devoid of any link
to the identity of the participants. Consequently, the Ethics
Committee approved a full waiver of Informed Consent.

Funding

The present study had no external source of funding.

Authorship

All the authors contributed to the conception and design of
the study. Materials preparation, data collection, and analy-
sis were undertaken by JVAP, CAPC, FBC, and EGA. The first
draft of the manuscript was written by JVAP, and all the
authors contributed to the creation of successive versions.
All the authors read and approved the final version.

Conflict of interests

The authors have conflicts of interest to declare with Smith
& Nephew, Zimmer Biomet, Link Orthopaedics, Stryker, and
MBA Surgical Empowerment.

Ethical disclosures

Approved by the Clinical Research Ethics Committee (CEIC)
of Vall d’Hebron Institut de Recerca (VHIR); reference
PR(ATR)369/2020.

References

1. Miller AN, Routt MLC. Variations in sacral morphology and impli-
cations for iliosacral screw fixation. J Am Acad Orthop Surg.
2012;20:8-16, http://dx.doi.org/10.5435/JAAOS-20-01-008.

2. Kaiser SP, Gardner MJ, Liu J, Routt MLC, Morshed S. Anatomic
determinants of sacral dysmorphism and implications for
safe iliosacral screw placement. J Bone Joint Surg Am.
2014;96:e120, http://dx.doi.org/10.2106/JBJS.M.00895.

3. Laux CJ, Weigelt L, Osterhoff G, Slankamenac K, Werner
CML. Feasibility of iliosacral screw placement in patients
with upper sacral dysplasia. J Orthop Surg Res. 2019;14:418,
http://dx.doi.org/10.1186/s13018-019-1472-7.

4. Smith HE, Yuan PS, Sasso R, Papadopolous S, Vac-
caro AR. An evaluation of image-guided technologies
in the placement of percutaneous iliosacral screws.
Spine (Phila Pa 1976). 2006;31:234-8, http://dx.doi.
org/10.1097/01.brs.0000194788.45002.1b.

5. Theologis AA, Burch S, Pekmezci M. Placement of
iliosacral  screws using 3D image-guided (O-Arm)
technology and Stealth Navigation: comparison with tra-
ditional fluoroscopy. Bone Joint J. 2016;98-B:696-702,
http://dx.doi.org/10.1302/0301-620X.98B5.36287.

6. Thakkar SC, Thakkar RS, Sirisreetreerux N, Carrino JA, Shafiq
B, Hasenboehler EA. 2D versus 3D fluoroscopy-based navigation
in posterior pelvic fixation: review of the literature on current
technology. Int J Comput Assist Radiol Surg. 2017;12:69-76,
http://dx.doi.org/10.1007/s11548-016-1465-5.

7.Lu S, Yang K, Lu C, Wei P, Gan Z, Zhu Z, et al. O-arm
navigation for sacroiliac screw placement in the treatment
for posterior pelvic ring injury. Int Orthop. 2021;45:1803-10,
http://dx.doi.org/10.1007/s00264-020-04832-2.

8. Sciulli RL, Daffner RH, Altman DT, Altman GT, Sewecke
JJ. CT-guided iliosacral screw placement: technique and
clinical experience. Am J Roentgenol. 2007;188:W181-92,
http://dx.doi.org/10.2214/AJR.05.0479.

9. Barrick EF, O’Mara JW, Lane HE. lIliosacral screw insertion
using computer-assisted CT image guidance: a labora-

T260


dx.doi.org/10.5435/JAAOS-20-01-008
dx.doi.org/10.2106/JBJS.M.00895
dx.doi.org/10.1186/s13018-019-1472-7
dx.doi.org/10.1097/01.brs.0000194788.45002.1b
dx.doi.org/10.1097/01.brs.0000194788.45002.1b
dx.doi.org/10.1302/0301-620X.98B5.36287
dx.doi.org/10.1007/s11548-016-1465-5
dx.doi.org/10.1007/s00264-020-04832-2
dx.doi.org/10.2214/AJR.05.0479

Revista Espanola de Cirugia Ortopédica y Traumatologia 68 (2024) T253-T261

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

tory study. Comput Aided Surg. 1998;3:289-96, http://dx.
doi.org/10.1002/(SICI)1097-0150(1998)3:6<289:AID-1GS2>3.0.
CO;2-6.

Daffner RH, Sciulli RL. CT-guided iliosacral screw place-
ment. Semin  Musculoskelet Radiol. 2013;17:407-15,
http://dx.doi.org/10.1055/s-0033-1356470.

. Jacob AL, Messmer P, Stock KW, Suhm N, Baumann B,

Regazzoni W, et al. Posterior pelvic ring fractures: closed
reduction and percutaneous CT-guided sacroiliac screw
fixation. Cardiovasc Intervent Radiol. 1997;20:285-94,
http://dx.doi.org/10.1007/s002709900153.

Nelson DW, Duwelius PJ. CT-guided fixation of sacral fractures
and sacroiliac joint disruptions. Radiology. 1991;180:527-32,
http://dx.doi.org/10.1148/radiology.180.2.2068323.
Ebraheim NA, Coombs R, Jackson WT, Rusin JJ. Percutaneous
computed tomography-guided stabilization of posterior pelvic
fractures. Clin Orthop Relat Res. 1994;307:222-8.

Gandhi G, Vijayvargiya M, Shetty V, Agashe V, Mahesh-
wari S, Monteiro J. CT-guided percutaneous sacroiliac
stabilization in unstable pelvic fractures: a safe and
accurate technique. Rev Bras Ortop. 2017;53:323-31
https://doi.org/10.1016/j.rboe.2017.03.013.

Tile M. Pelvic ring fractures: should they be fixed?
J Bone Joint Surg Br. 1988;70:1-12, http://dx.doi.
org/10.1302/0301-620X.70B1.3276697.

Denis F, Davis S, Comfort T. Sacral fractures: an important prob-
lem. Retrospective analysis of 236 cases. Clin Orthop Relat Res.
1988;227:67-81.

Day AC, Kinmont C, Bircher MD, Kumar S. Crescent
fracture-dislocation of the sacroiliac joint: a func-
tional classification. J Bone Joint Surg Br. 2007;89:651-8,
http://dx.doi.org/10.1302/0301-620X.89B5.18129.

Matta JM, Saucedo T. Internal fixation of pelvic ring fractures.
Clin Orthop Relat Res. 1989:83-97.

Giannoudis PV, Papadokostakis G, Alpantaki K, Kontakis
G, Chalidis B. Is the lateral sacral fluoroscopic view
essential for accurate percutaneous sacroiliac screw

20.

21.

22.

23.

24.

25.

26.

27.

T261

insertion? An experimental study. Injury. 2008;39:875-80,
http://dx.doi.org/10.1016/j.injury.2008.01.049.

Kellam JF, McMurtry RY, Paley D, Tile M. The unstable
pelvic fracture. Operative treatment. Orthop Clin North Am.
1987;18:25-41.

Routt ML, Kregor PJ, Simonian PT, May KA. Early results
of percutaneous iliosacral screws placed with the patient
in the supine position. J Orthop Trauma. 1995;9:207-14,
http://dx.doi.org/10.1097/00005131-199506000-00005.
Alzobi OZ, Alborno Y, Toubasi A, Derbas J, Kayali H, Nasef H,
et al. Complications of conventional percutaneous sacroiliac
screw fixation of traumatic pelvic ring injuries: A system-
atic review and metaanalysis. Eur J Orthop Surg Traumatol.
2023;33:3107-17 https://doi.org/10.1007/s00590-023-03543-9
Hadeed MM, Woods D, Koerner J, Strage KE, Mauffrey

C, Parry JA. Risk factors for screw breach and iatro-
genic nerve injury in percutaneous posterior pelvic
ring fixation. J Clin Orthop Trauma. 2022;33:101994,

http://dx.doi.org/10.1016/j.jcot.2022.101994.

Routt ML, Simonian PT, Mills WJ. Iliosacral screw
fixation: early complications of the percuta-
neous technique. J Orthop Trauma. 1997;11:584-9,

http://dx.doi.org/10.1097/00005131-199711000-00007.
Templeman D, Schmidt A, Freese J, Weisman I. Proxim-
ity of iliosacral screws to neurovascular structures after
internal fixation. Clin Orthop Relat Res. 1996:194-8,
http://dx.doi.org/10.1097/00003086-199608000-00023.
Conflitti JM, Graves ML, Chip Routt ML Jr. Radio-
graphic  quantification and analysis of dysmorphic
upper sacral osseous anatomy and associated iliosacral
screw insertions. J Orthop Trauma. 2010;24:630-6,
http://dx.doi.org/10.1097/BOT.0b013e3181dc50cd.

Gardner MJ, Morshed S, Nork SE, Ricci WM, Chip
Routt ML Jr. Quantification of the upper and second
sacral segment safe zones in normal and dys-
morphic  sacra. J Orthop Trauma. 2010;24:622-9,
http://dx.doi.org/10.1097/BOT.0b013e3181cf0404.


dx.doi.org/10.1002/(SICI)1097-0150(1998)3:6<289:AID-IGS2>3.0.CO;2-6
dx.doi.org/10.1002/(SICI)1097-0150(1998)3:6<289:AID-IGS2>3.0.CO;2-6
dx.doi.org/10.1002/(SICI)1097-0150(1998)3:6<289:AID-IGS2>3.0.CO;2-6
dx.doi.org/10.1055/s-0033-1356470
dx.doi.org/10.1007/s002709900153
dx.doi.org/10.1148/radiology.180.2.2068323
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0275
https://doi.org/10.1016/j.rboe.2017.03.013
dx.doi.org/10.1302/0301-620X.70B1.3276697
dx.doi.org/10.1302/0301-620X.70B1.3276697
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0215
dx.doi.org/10.1302/0301-620X.89B5.18129
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0225
dx.doi.org/10.1016/j.injury.2008.01.049
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00035-3/sbref0235
dx.doi.org/10.1097/00005131-199506000-00005
https://doi.org/10.1007/s00590-023-03543-9
dx.doi.org/10.1016/j.jcot.2022.101994
dx.doi.org/10.1097/00005131-199711000-00007
dx.doi.org/10.1097/00003086-199608000-00023
dx.doi.org/10.1097/BOT.0b013e3181dc50cd
dx.doi.org/10.1097/BOT.0b013e3181cf0404

	[Translated article] Insertion of S1 iliosacral screws in the computed tomography room: An alternative to improve safety i...
	Introduction
	Methodology
	Results
	Discussion
	Level of evidence
	Data availability
	Ethical considerations
	Funding
	Authorship
	Conflict of interests
	Ethical disclosures

	References

