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ABSTRACT

An increasing incidence of sacral insufficiency fractures in
geriatric patients has been documented, representing a major
challenge to our healthcare system. Determining the accurate
diagnosis requires the use of sectional imaging, including
computed tomography and magnetic resonance imaging. Ini-
tially, non-surgical treatment is indicated for the majority of
patients. If non-surgical treatment fails, several minimally in-
vasive therapeutic strategies can be used, which have shown
promising results in small case series. These approaches are
sacroplasty, percutaneous iliosacral screw fixation (S1 with or
without S2), trans-sacral screw fixation or implantation of a
trans-sacral bar, transiliac internal fixator stabilisation, and
spinopelvic stabilisation. These surgical strategies and their
indications are reported in detail. Generally, treatment-re-
lated decision making depends on the clinical presentation,
fracture morphology, and attending surgeon’s experience.

ZUSAMMENFASSUNG

Insuffizienzfrakturen des hinteren Beckenrings nehmen an
H&ufigkeit zu und stellen eine relevante Herausforderung fiir
unser Gesundheitssystem dar. Zur Sicherung der Diagnose
sollte erganzend zu den konventionellen Rontgenaufnahmen
eine Computertomografie und ggf. eine Magnetresonanz-
tomografie erfolgen. Bei Versagen konservativer Therapie-
regime zeigen kleinere Serien minimalinvasiver operativer
Therapieansétze vielversprechende Ergebnisse. Ziel dieser
Ubersichtsarbeit ist es, die aktuell eingesetzten Techniken
der minimalinvasiven operativen Versorgung von Insuffizienz-
frakturen des Sakrums aufzufiihren und die jeweiligen Vor-
und Nachteile darzulegen. Dies sind aktuell die Sakroplastie,
die perkutane iliosakrale Verschraubung S I oder S I/S II, die
transsakrale Verschraubung u.a. mithilfe des transsakralen
»bar“ und von posterior horizontalen sowie lumbopelvinen
Stabilisierungen. Im Allgemeinen hangt die Entscheidungsfin-
dung zur Therapie vom klinischen Erscheinungsbild, der Frak-
turmorphologie und den Erfahrungen der behandelnden Chi-
rurgen ab.
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Introduction

Poor bone quality is considered to be the primary cause of pelvic
insufficiency fractures and is usually caused by bone metabolism
disorders. The most frequent cause of poor bone quality is pri-
mary osteoporosis. Hence, pelvic insufficiency fractures are typi-
cally found in elderly patients, and women are more frequently af-
fected [1]. Other causes of poor bone quality include local irradi-
ation, with 21-34% of recipients developing sacral fractures [2],
and pathologies having a negative impact on bone metabolism,
resulting in secondary osteoporosis (e.g., Paget’s disease, rheu-
matoid arthritis, hyperparathyroidism, and long-term steroid con-
sumption) [3-5]. Predisposition to posterior pelvic ring fractures
has also been reported during pregnancy [6]. In most cases, these
fractures occur in the sacral ala and run parallel to the sacroiliac
joint (SI]) [7-9]. The likely cause is the high proportion of load-
bearing spongy bone of the ala, which shows a disproportionately
greater bone loss with increasing age than other parts of the sac-
rum. Moreover, the osseous stress distribution in the sacrum ap-
pears to play a role in fracture morphology [10,11]. As a rule, sa-
cral insufficiency fractures are unilateral or bilateral and run verti-
cally. Fractures may develop T-, U-, and H-type pattern according
to the orientation of fracture lines [12]. In up to 90% of cases, the
anterior pelvic ring is also affected [13].

The comprehensive classification of fragility fractures of the
pelvis (FFP) is a recently used classification for pelvic insufficiency
fractures that is useful for treatment-related decision making [1].
Accordingly, surgical therapy is recommended apart from conser-
vative therapy, especially for FFP Ill and IV fractures. Surgical inter-
vention ranges from single unilateral screw fixation to triangular
lumbopelvic support. Many of these techniques can be performed
using minimally invasive approaches, which considerably reduce
perioperative soft-tissue trauma and also decrease blood loss and
infection rates [14,15].

In this review, we describe the minimally invasive surgical tech-
niques currently used for treating sacral insufficiency fractures
and present their respective advantages and disadvantages.

The following surgical techniques have been described in this
narrative review:
= Sacroplasty
= Single iliosacral screw fixation (ISF) S1
= Double ISF S1 or S1/S2
= Trans-sacral bar/trans-sacral screw fixation
= Transiliac internal fixator stabilisation
= Lumbopelvic, vertebropelvic, or triangular support
= In individual sections, indications and surgical techniques as

well as current evidence are described.

Sacroplasty

The first cases of cement sacroplasty were reported in patients
with metastatic disease at the beginning of the millennium [16,
17]. Similar to the use of vertebroplasty in vertebral body frac-
tures, sacroplasty was subsequently adapted to the treatment of
sacral insufficiency fractures [18].

Its indications are painful undisplaced sacral insufficiency frac-
tures that show no clinical improvement with conservative ther-

apy. Sacroplasty is performed using either an image converter or
under computed tomography (CT) guidance. The procedure can
be performed under local anaesthesia. The trocar is inserted ei-
ther posteriorly or laterally. The posterior approach is further clas-
sified into a direct approach (entry at the level of the pedicle of S1
vertebral body aiming laterally) and a long-axis approach (entry
lateral to the foramina of S3 and 4 vertebral bodies aimed cranial-
ly). The lateral approach follows the approach used for percutane-
ous ISF. Typically, 1.5-7.5 mL of polymethyl methacrylate is in-
jected into the affected sacral ala.

In the first few years of using sacroplasty for treating sacral in-
sufficiency fractures, case reports and very small case series with
short follow-up periods were mainly published. Thus far, two large
prospective studies have demonstrated long-term reduction in
pain after sacroplasty. These studies reported a significant reduc-
tion in pain over 10 years in comparison with conservative ther-
apy, although only 55.7 % of patients undergoing surgery were fol-
lowed up. Major complications were not reported [19, 20].

Three randomised trials have compared sacroplasty with bal-
loon kyphoplasty for the treatment of sacral insufficiency frac-
tures [21-23]. After a follow-up period of 18-24 months, both
techniques showed significant and clinically relevant reduction in
pain without important clinical differences in outcomes. However,
asymptomatic cement extravasation occurred in 8.1% of cases of
sacroplasty, whereas it was not reported with balloon kyphoplasty
[22]. On the other hand, the operative duration was significantly
longer with balloon kyphoplasty [23].

Single lliosacral Screw Fixation (ISF) S1

Single ISF is a minimally invasive technique for stabilising the pos-
terior pelvic ring. It is indicated for transalar, transforaminal, and
trans-sacral fractures [24]. Thereby, fracture reduction cannot be
performed by ISF. Thus, fracture reduction needs to be done prior
screw insertion.

Precise preoperative planning with axial, coronal, and sagittal
CT reconstructions and the analysis of existing bony corridors is
essential [25]. It is crucial to recognise sacral dysplasia, which
often makes it difficult to safely place screws in the S1 vertebra
[26].

Image converter-guided screw fixation can be performed in
the prone or supine position. It is helpful to draw the so-called
“safe zone” of the sacrum and the planned incision in the lateral
image converter view before skin incision (Fig.1). As a rule,
through a stab incision, a thick Kirschner wire is initially inserted
into the S1 body under image converter guidance in the inlet, out-
let, and lateral views. Next, after overdrilling to the medial aspect
of the SlJ, a cannulated screw is advanced into the S1 body (usual-
ly 6.5-7.5-mm calibre with a washer) [27]. Compression can be
achieved with short-thread screws according to the lag screw
principle. In compressed fractures, the improved purchase pro-
vided by fully threaded screws may lead to a decreased screw-
loosening rate. Attention should be paid not to make any shearing
movements with the wire or guidewire across the lateral ilium to
minimise the risk of superior gluteal artery injuries.

Clinically, after ISF, patients show significantly reduced pain in-
tensity, improved independence, and rapid recovery of mobility
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> Fig. 1 a The lateral image converter view of the posterior pelvis is shown; the cannulated screws inserted in S1 bilaterally along the longitudinal
axis. b This shows the same image with outlining of the relevant structures. The lateral view is correctly set when the right and left femoral heads
(femur) and the greater sciatic foramen are superimposed over each other. The black dashed line represents the superior end plate of S1 and the
anterior wall of the sacrum. The white dashed line is a radiographic superimposition of the cranial borders of both the sacral ala and arcuate line of
the ilium. The green area represents the vertebral canal posterior to the sacrum with the cauda equina.

[28-30]. Eckardt et al., for example, reported that approximately
two-thirds of patients were pain-free after 12 months [30]. Hopf
et al. [29] reported a decrease in pain intensity, with a reduction in
the visual analogue scale score from 6.8 at admission to 1.8 at dis-
charge. After 1 year of treatment, the patients in the group of
Hoch et al. [28] achieved the pain level, quality of life (measured
using the 12-ltem Short Form Survey), and mobility of age-
matched individuals in the general population.

The complication rates offset the excellent results of existing
studies. Screw malposition, which may be asymptomatic, is listed
as the main complication in approximately 17 % of cases with con-
ventional approaches [31,32]. Navigated wire placement can con-
siderably reduce the incidence of screw malposition. Alternatively,
the correct position of the Kirschner wire should be confirmed us-
ing a three-dimensional (3D) image converter view before screw
insertion. Screw loosening has also been reported. However, ac-
curate reduction by appropriate closed manipulative reduction
or minimally invasive reduction techniques (e.g., using joysticks)
before screw insertion can minimise the incidence of screw loos-
ening [33]. Further complications include injuries to the gluteal
arteries, intrapelvic vessels, spinal nerves, and intrapelvic hollow
organs.

If cement augmentation is considered along with ISF to im-
prove stability, cement embolism must be considered as a possi-

ble complication. The risk can be reduced with the use of cannu-
lated screw systems [28, 33]. Reliable data are only available from
the field of cement augmentation of vertebral body fractures.

Double ISF S1 or S1/S2

Double screw fixation should be considered for stabilising verti-
cally unstable fractures (FFP Ill or IV). Single screw fixation is usu-
ally sufficient for other fractures. Biomechanical studies have
shown that two ipsilateral screws can significantly improve the
stability of the posterior pelvic ring [34,35]. This is particularly be-
cause of lower rotational instability than that of only one screw
[36].

The lateral portions of S2 are extremely narrow in some pa-
tients and can only be intraoperatively visualised well with experi-
ence under the image converter. Hence, many surgeons prefer to
insert a single S1 screw without inserting an S2 screw, unless CT
guidance or navigation is available [27]. However, insertion of ilio-
sacral screws, even in S2, was not associated with an increased risk
of malposition, nerve lesions, or revision surgery [31]. Thus far, no
difference in the incidence of surgery-related nerve complications
between navigation/CT-guided and conventional techniques has
been reported.
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» Fig. 2 A case of spontaneous onset of low back pain and evidence of a bilateral sacral fracture is shown (a, b). Surgical intervention was indicated
because of pain-related limited mobilisation despite analgesia. A trans-sacral bar was inserted in S1. A 7.3-mm screw was inserted trans-sacrally in
S2 because of the narrow transverse corridor in S2. Intraoperatively, the accurate implant placement is shown (c, d). This was postoperatively con-
firmed using CT (e). Postoperatively, the patient’s mobility improved rapidly. Implant placement and fracture reduction remained unchanged dur-

ing the postoperative course (f).

For S2, access can be obtained through either the same inci-
sion or a second incision. After determining the correct entry
point, another K-wire can be inserted in the inlet view parallel to
the K-wire left in the S1 screw. The wire is moved in the outlet
view along the longitudinal axis of the sacrum caudal to the S1
foramen and drilled a few millimetres into the bone. After re-
checking in the inlet view, the wire can now be driven further into
the S2 body. Then, a cannulated screw is placed over it. In case of
uncertainty, the positional relationship of the wire to the foramen
and the anterior and posterior walls of S2 should also be deter-
mined in the lateral image converter view (> Fig. 1).

Trans-Sacral Bar/Trans-Sacral Screw Fixation

In this technique, a screw inserted through the ipsilateral ilium is
passed through the sacrum and then through the contralateral
ilium (» Fig. 2). These bilateral implants showed advantages over
bilateral screw fixation in a biomechanical study [37]. The prereg-
uisite for this is a matching transverse bony corridor, which is
presentin S1and S2 in approximately 75-80% and 90-99% cases,
respectively [25,37]. It was shown that the S1 corridor was found
significantly less frequently in women than in men [37]. An evalu-
ation of 105 CT images showed that at least one corridor was al-
ways present in all subjects [38]. The method is particularly suit-
able for the treatment of bilateral insufficiency fractures of the
posterior pelvic ring [39,40]. Due to the risk of progression of uni-
lateral pelvic insufficiency fractures to bilateral ones, some au-
thors also use this procedure for predominantly unilateral frac-
tures [41,42]. This aims to prevent secondary fractures on the
contralateral side [43].

The technical implementation of the procedure is possible
through the use of an image converter analogous to that of ISF.
An important landmark here is the confirmation of S1 transverse
corridor in the lateral view, as well as in the lateral, inlet, and outlet
views [44]. The basic prerequisite is to study the individual anato-

my in detail preoperatively to recognise whether trans-sacral fixa-
tion using a trans-sacral bar is possible (S1 and S2 corridors or only
S2 corridor). Screws 150-180 mm in length are typically used for
S1, and screws 140-160 mm in length are used for S2. Compres-
sion can be achieved using washers. When using a threaded rod, it
is possible to lock the rod on both sides, which secures the com-
pression and prevents migration. Consequently, a contralateral
incision is necessary when using the trans-sacral bar.

A case series has already demonstrated the successful clinical
applicability of the trans-sacral bar [45]. However, single trans-
sacral screw fixation is biomechanically inferior to cemented S1/
2 ISF [36].

Transiliac Internal Fixator Stabilisation

In 2004, Fiichtmeier et al. [46] reported the first clinical results us-
ing the transiliac internal fixator in predominantly Type C unilat-
eral pelvic ring fractures. Primarily, the screws were placed parallel
to the superior gluteal line in the ilium. Purely from an anatomical
perspective, particularly extra-long screws can be implanted in
the supra-acetabular region, with the screw course being more
angulated caudally toward the acetabulum. The screws also tra-
verse an area of increased cancellous bone density in the supra-
acetabular region [47].

Subsequently, the results after cement augmentation of this
fixator arrangement have also been described in unstable insuffi-
ciency fractures [48,49]. As a modification of this method, it is
possible to use the transiliac internal fixator for the treatment of
Type B unilateral pelvic ring fractures. This can be performed by
shortening the posterior fixator arrangement and placing a screw
on the contralateral side of the sacrum at the level of the S1
pedicle. Complementary ISF can compensate for the limited com-
pression potential of this technique. The combination of a trans-
iliac internal fixator with ISF, the so-called “iliosacral bridging,”
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» Fig. 3 A case of trans-sacral internal fixator stabilisation consisting of trans-fixation between the iliosacral screw and contralateral S1 pedicle
screw is shown. ISF was also performed. The minimally invasive approach with landmarks is shown in (a). Postoperative radiographs in four planes
shows an anatomical reduction of the pelvis fracture with accurate implant placement (b-e).

showed good results in a patient population with varying ages and
injury severities [47,50] (» Fig. 3).

The procedure is performed in the prone position using the im-
age converter-guided technique. It is helpful to preoperatively
mark the projected course of the transiliac screw, with particular
emphasis on the marking of the femoral head centre. Siekmann et
al. has described the surgical technique in detail [47].

In addition to general complications, risks arise from the im-
plantation of the posterior internal fixator as well as from the use
of ISF. The frequency of complications is low and because of the
almost identical implantation techniques, equal to those of lum-
bopelvic support [51,52].

Lumbopelvic, Vertebropelvic,
or Triangular Support

Lumbopelvic fixator support is biomechanically superior to ISF
alone in fractures with vertical instability. For example, in a clinical
study, Schildhauer et al. [14] reported significantly lower inci-
dences of dislocations after performing lumbopelvic support in
combination with ISF than that after ISF alone. Similarly, Acklin et
al. [53] reported considerable biomechanical advantages of lum-
bopelvic support in combination with ISF compared with ISF alone
in patients with reduced bone quality. A clinical study demon-
strated the superiority of lumbopelvic support compared with
ISF alone in complex bilateral sacral U- and H-type fractures with
vertically instability [54], although these studies essentially only
included patients without osteoporosis after high-speed traumas.

Collectively, lumbopelvic support is technically easy to perform
using minimally invasive techniques [51], which significantly re-
duces the incidence of postoperative wound infections [51]. It
also affords a relatively low complication rate in geriatric patients.
For example, revision surgery due to postoperative wound infec-
tion was necessary in only 1 of 15 patients (6.7%) undergoing
minimally invasive lumbopelvic fixation [49]. Other complications,
such as subcutaneous hematoma (n=1), cement extravasations
into the soft tissue (n=2), and screw rupture with only minimal
symptoms (n = 1), did not require further treatment. Using a com-
bination with additional ISF, a so-called “triangular support,” the
stability of fixation can be further improved [14] (> Fig. 4). Alter-
natively, with the use of ISF as supplementation, compression can
be achieved even using a cross-connector in bilateral lumbopelvic
support, which is difficult to perform percutaneously depending
on the implant used.

Furthermore, additive cement augmentation has been re-
ported to show no therapy-related implant failure and promising
clinical results over 2 years [52]. Although additive cement aug-
mentation of screws is considered fundamentally necessary, it
cannot be recommended because of insufficient supporting evi-
dence.

Discussion

The important question in the treatment of pelvic insufficiency
fractures is whether surgery is indicated or whether conservative
treatment is recommended. As highly unstable fracture types are
usually the exception among insufficiency fractures, pain severity
and ability of mobilisation under adequate analgesia are particu-
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> Fig. 4 A 69-year-old patient experienced increasing pain within the last 2 weeks after a fall from a standing position some weeks ago. Diagnostic
imaging showed a sacral insufficiency fracture [FFP IV b with an H component in terms of spinopelvic dissociation (a—c)]. Percutaneous lumbopelvic
support was performed with trans-sacral screw connection (pedicle screw insertion, d; first iliosacral screw insertion, e; trans-sacral guidewire in-
sertion, f; final lateral intraoperative radiograph, g). Postoperatively, it was possible to quickly mobilise the patient with low levels of pain with
maintenance of fracture reduction and implant placement (h-j). Postoperative wound check was unremarkable (k). Both iliosacral screws were
inserted through the central approach.

larly important factors to be considered for treatment decision-
making. » Table 1 presents the summarised parameters that
require continuation of conservative therapy. It is necessary to di-
agnose and treat the existing bone metabolism disorder using
conservative and surgical therapies. Moreover, before making
treatment-related decisions, sufficient diagnostic investigations
are required; these should involve pelvic CT in addition to conven-
tional radiography and magnetic resonance imaging (MRI), partic-
ularly for unilateral sacral fractures [55]. Alternatively, dual-en-
ergy CT can be performed [56].

If surgery is required, many minimally invasive procedures are
available for treating sacral insufficiency fractures. They differ sig-
nificantly in operative time, implant cost, and stability of internal
fixation. Therefore, a treatment strategy adapted to the patient
and the fracture morphology needs to be selected.

» Table 1 Implementation or continuation of conservative treat-
ment.

= Tolerable pain situation under analgesia

= Relevant improvements in mobilisation

= Maintenance of fracture reduction after mobilisation
= Lack of highly unstable fractures

The lowest level of stability of internal fixation can be expected
from sacroplasty. However, the results of a systematic review
show that sacroplasty has positive effects on improving the qual-
ity of life and reducing pain [57]. As a limitation, the lack of data
regarding dropout rates in the long-term investigations by Frey et
al. [20] must be noted because these are very high in such patient
groups and can strongly impact the interpretation of results. Sac-
roplasty is mainly indicated for undisplaced unilateral fractures. As
an exception, it is used for bilateral insufficiency fractures without
a cross-component or other signs of instability after failed primary
conservative treatment. The clinical outcomes of conventional
sacroplasty are reported to be similar to those of balloon sacro-
plasty [19,20]. Consequently, conventional sacroplasty has been
favoured due to reduced expenses and decreased operative times
despite the increased rate of clinically “silent” cement extravasa-
tions [21-23]. However, the authors of the review believe that
the biomechanical inferiority of the procedure and cement non-
unions should be considered before making treatment decisions.

Generally, percutaneous ISF plays a crucial role in the treat-
ment of sacral insufficiency fractures. ISF of both S1 and S2 are
safe techniques with low complication rates for decreasing the
pain intensity and improving mobility and quality of life [28 -30].
Double ISF improves biomechanical stability, particularly that of
the rotatory component; hence, it may be used in highly unstable
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» Fig.5 A therapy algorithm for the treatment of a sacral insufficiency fracture is shown. Apart from cross-sectional imaging (CT and MRT), con-
ventional radiography images including full pelvis, inlet, and outlet views is recommended. Treatment options are presented based on their inva-
siveness in the ascending order from left to right without prioritising individual treatment options. Sacroplasty is deliberately listed at the bottom
because most studies listed it as an indication in cases with a lack of symptomatic improvement after initial conservative therapy. Hence, sacro-
plasty often plays a subordinate role in acute situations. Moreover, in cases with pure marrow enema (unilateral or bilateral), internal fixation (ilio-
sacral or trans-sacral) should be chosen with caution. Bilateral undisplaced sacral fractures can be treated with either conservative therapy or an
operative treatment using ISF or trans-sacral screw fixation. Transiliac internal fixator or lumbopelvic support is usually not indicated. In contrast,
conservative therapy is an exception in bilateral displaced sacral fractures. It is only indicated in patients with only minor clinical symptoms or those
with operative contraindications. The indication for double iliosacral or trans-sacral screw fixation or stabilisation using the lumbopelvic support of
transiliac internal fixator is based on the extent of injury of the anterior pelvic ring, fracture position, and instability criteria, such as the presence of
a transverse component. Generally, in the treatment of sacral fractures, it is necessary to consider injuries of the anterior pelvic ring and integrate
them into the therapeutic model. ISF can be used with cement augmentation. This is a valuable option for the improvement of screw retention in
cases with poor bone stock and limited screw purchase.
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» Table 2 Advantages and disadvantages of minimally invasive operative concepts for insufficiency fractures of the sacrum

Therapy strategy Advantages

Sacroplasty Technically relatively simple

Relatively good study situation for
stable fractures and persistent pain
under conservative therapy

ISF

Technically relatively simple

Implementable both unilaterally and
bilaterally in S1, S2, or both

Good customisation according to
fracture morphology

Applicable in combination with the
other types of treatment

Trans-sacral bar/trans- Compression option using the trans-
sacral screw fixation sacral bar

There is no need for cement aug-
mentation with corresponding risks.

Transiliac internal fixa- Stable fixation without bridging the
tor segments L5/S1

Lumbopelvic support

Biomechanically most stable fixation

Fracture reduction option through
instrumentation

Applicable in combination with ISF
and a trans-sacral screw fixation.

ISF: lliosacral screw fixation

FFP IV fractures, fractures with severe comminution zones, or in
patients with extremely poor bone stock [36]. It is essential for
contralateral injuries to be ruled out preoperatively for cases in
which a unilateral procedure is being planned. Because injuries
also include pure bone marrow edemas in such cases, preopera-
tive MRI examinations are recommended.

Generally, it has to be considered that no fracture reduction
can be performed using only ISF, except for compression using
short-threaded screws. Hence, this technique should be used for
either undisplaced fractures or after fracture reduction by a
closed manipulative reduction through mounting or minimally in-
vasive reduction techniques (minor extra access or joystick meth-
ods).

We recommend fully threaded screws that are as long as possi-
ble in patients with poor bone quality. Cement augmentation of
the screws can further improve screw stability [36].

Similarly, if transverse bony corridors are present, extra-long
screws may be placed in ST or S2, reaching or extending beyond
the contralateral SlJ. Alternatively, the trans-sacral bar may be em-
ployed. There is some contention regarding whether extra-long
screws or the trans-sacral bar should be used only for bilateral
sacral fractures and not for unilateral ones. The proponents of bi-

Disadvantages

Cement interference in the
fracture area

Danger of cement extravasa-
tion

No possibility for fracture re-
duction or compression

With cement augmentation;
there is the danger of cement
extravasation

Offers fracture compression
option; no possibility of frac-
ture reduction through the im-
plant

For unilateral fractures of the
sacrum, an intact SIF joint is
fixed and immobilised

Except for the compression
option, there is no possibility of
fracture reduction through the
implant

Limited compression options

Potentially interfering implant

Trans-fixation of the potentially
intact segment L5/S1 and pos-
sibly L4/5

Contraindications

= Unstable and/or displaced
fractures

U- and H-type fractures with
transverse component
through S1

Sole simple ISF with U- or
H-type fractures

Sacral dysplasia

U- and H-type fractures with
transverse component
through S1

Sole trans-sacral bar with U- or
H-type fractures

Relative:

= Stable and undisplaced frac-
tures

= Relative:

= Stable and undisplaced frac-
tures

Potentially interfering implants

Relatively high rate of wound
infections.

lateral intervention argue that conservative treatment of unilat-
eral sacral insufficiency fractures increases the risk of secondary
contralateral fractures [41,42]. The counterargument is the pre-
vention of the unnecessary fixation of an intact SIJ.

Moreover, ISF can be combined with a lumbopelvic support or
a transiliac internal fixator, which may be indicated for highly un-
stable fractures, such as those with spinopelvic dissociation.

The main complication of ISF is screw malposition. Therefore,
use of navigation or intraoperative 3D imaging should be consid-
ered. The advantages of 3D imaging for the treatment of posteri-
or pelvic ring fractures is apparent. Two studies reported a signifi-
cant improvement in the screw placement accuracy compared
with conventional two-dimensional imaging [58,59]. However,
another study using an image converter failed to confirm the ad-
vantage of this over conventional techniques [60]. Generally, a
large angle between the screw directions and the use of extra-
long iliosacral screws were found to be risk factors for screw mis-
placement [61]. Another advantage of intraoperative 3D imaging
is the possibility of ensuring accurate placement of implants con-
trolling fracture reduction accuracy, which may improve the oper-
ative results [33]. On the other hand, the disadvantages of intra-
operative 3D imaging of the pelvis are the need for technical ex-
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pertise, higher time expenditure for navigation, and insufficient
image quality [62].

The transiliac internal fixator, implanted via puncture incisions
and a minimally invasive procedure, is a soft tissue-friendly tech-
nique that can be used alone or in combination with other tech-
niques [47]. Moreover, fracture reduction is also possible using
this technique. This makes stable fixation possible even in the case
of anatomical variants of the pelvis in which ISF placement may be
impeded [47].

Rotational stability can be achieved particularly through a
combination of an iliosacral screw and posterior fixator. Biome-
chanical investigations regarding this are lacking.

The most stable type of fixation is lumbopelvic support [39].
However, data regarding its application for the treatment of insuf-
ficiency fractures is limited. There are differences in vertical insta-
bility seen in pelvic fractures in patients with healthy bone stock
after high-speed trauma (e.g., type Denis B fracture and Isler B or
C configuration) and that in pelvic insufficiency fractures with a
slowly developing fracture cascade associated with mostly intact
ligaments [1]. Overall, it is recommendable to perform lumbopel-
vic support combined with an iliosacral screw in pelvic insuffi-
ciency fractures because of its biomechanical superiority [53].

» Fig. 5 shows a potential treatment algorithm for the man-
agement of sacral fractures. The advantages and disadvantages
of individual treatment strategies, including contraindications,
are shown in » Table 2. The anterior pelvic ring needs to be eval-
uated before making a decision regarding the treatment of sacral
fractures. This has an important effect on classification and treat-
ment strategy [1]. For instance, additional treatment of the ante-
rior fracture component is recommended when using ISF of S1
alone for the treatment of FFP IIb or IIC fractures. Depending on
the fracture position and morphology, ISF can be supplemented
using percutaneous screws of the anterior pelvic ring along with
external (supra-acetabular) or internal (supra-acetabular) fixators.
Alternatively, open fixation of the anterior pelvic ring using plates
is possible in most cases via an anterior intrapelvic approach.
Moreover, when selecting the type of treatment, fracture localisa-
tion in relation to the vertebral foramens must be considered
when using the Denis classification of sacral fractures [63]. For in-
stance, ISF is insufficient for a central sacral fracture of Denis Type
III; instead, transiliac internal fixator is reasonable for internal sta-
bilisation. Overall, however, insufficiency fractures are usually lo-
cated in the sacral ala region [17].

Moreover, sacral fractures need to be differentiated from
transiliac or iliosacral fractures, which are not the subject of this
review.

In summary, sacroplasty is indicated for undisplaced fractures
of the sacrum and failed conservative therapy. Alternatively, per-
cutaneous ISF can be used, which can also be used for displaced or
unstable fractures of the sacrum. The essential requirement is an
anatomically reduced fracture. Depending on the degree of insta-
bility, single ISF or double ISF in S1, S2, or both can be performed
with cement augmentation. For bilateral sacral fractures and poor
bone quality, trans-sacral screw fixation is useful. However, this
requires a corresponding bone corridor. For highly unstable frac-
tures, percutaneous lumbopelvic support or transiliac internal fix-
ator is recommended, which, in every case, can be combined with

ISF. For reducing screw misplacements, especially with dysmor-
phic types of pelvis, navigation or intraoperative 3D scan is useful.
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