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Sacral fractures are often underdiagnosed but are relatively frequent in the setting of pelvic ring injury.
Causes include traumatic insults and osteoporosis. Sacral fractures have become more frequent owing
to the growth of the elderly population worldwide as osteoporosis is an age-related disease. Misdiag-
nosed and neglected sacral fractures can result in chronic back pain, spine deformity, and instability. Un-
fortunately, the wide range of classification systems hinders adequate communication among clinicians.
Therefore, a complete understanding of the pathology, and communication within the interdisciplinary
team, are necessary to ensure adequate treatment and satisfactory clinical outcomes. The aim of this
manuscript is to present the current knowledge available regarding classification systems, clinical assess-

ment, decision-making factors, and current treatment options.

© 2020 Published by Elsevier Ltd.

Introduction

Throughout history, understanding of sacral fractures (SF) has
been molded by research on pelvic ring injuries and spine surgery
[1]. The development of advanced imaging tools has led to more
accurate diagnosis, which has increased with the advent of CT
and MRI [2]. Hence, the condition has been historically underdiag-
nosed, and the frequency of presentation underestimated [3]. In
24-70% of cases the diagnosis can be delayed or missed [4]. Thus,
diagnosis is challenging for the clinician in the setting of acute
trauma and even more in the case of insufficiency fractures. In the
United States alone, a threefold increase of traumatic SF between
2002 and 2011 has been reported from 0.7 to 2.9 per 100,000 in
the population [5]. Likewise, osteoporotic pelvic and sacral injuries
are increasing concomitantly with the growth of the elderly popu-
lation worldwide [6]. Kannus et al. presented an incidence study
in Finland that revealed a fivefold increase in osteoporotic frac-
tures related to the pelvic ring and sacrum between 1970 and 1997
[3]. Osteoporotic SF present almost exclusively in older women
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with increased incidence associated with other risk factors such as
chronic corticosteroid therapy, rheumatoid arthritis, radiation, and
other endocrine system alterations such as hyperparathyroidism.
Previous spine instrumentation and fusion has been described as
a risk factor for insufficiency fractures in the elderly [7].Previous
work shows that SF can result from three leading causes: High en-
ergy trauma in younger patients, Low energy trauma in older os-
teoporotic patients, and malignant invasion of bone tissue in the
setting of cancer [1,8].

The factors that hinder accurate assessment and diagnosis of
SF are related to the typical trauma setting in which patients can
present with loss of consciousness, associated spine injuries, severe
traumatic injury, blood loss that results in hemodynamic instabil-
ity, open fractures, and soft tissue involvement [9]. For these rea-
sons, the clinician needs a high level of suspicion to make a timely
diagnosis. Moreover, the classification systems for SF are numer-
ous and this hinders proper communication among caregivers. The
treatment of SF is decided on a case-by-case basis in the absence
of general guidelines for management.

The relevance of SF lies in the potential clinical entities that re-
sult from the anatomical and biomechanical relationships of the
sacrum to spine alignment, weight bearing, and vascular and ner-
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vous anatomy, as discussed below. The aim of this review is to
present current knowledge about SF regarding clinical assessment,
classification, radiological evaluation, and treatment.

Lumbosacro-coccygeal functional unit

Given its morphology and anatomical relationships, Acevedo
and Perez (2017) stated that the sacrum constitutes part of what
they called the lumbosacro-coccygeal functional unit (LSCFU) [10].
This refers to the union of structures comprising the lumbar spine,
sacrum, coccyx, and pelvis [10]. While the spinal unit (SU) pre-
viously described by Moroney et al. [11] included two adjacent
vertebrae, the intervertebral discs, facet joints, and the spinal lig-
aments, the LSCFU includes the muscles, cartilage, osseous struc-
tures, and neural structures within the pelvic ring. Hence, the con-
cept of LSCFU permits a broader and more accurate understanding
of the lumbosacral spine and its relationships to the pelvic ring.
Being a functional unit implies that the structures involved have
a common embryological origin, anatomy-dependent function and
synchronized biomechanical behavior [10].

Sacral fractures and biomechanics

The clinical ramifications of structural impairment of the
sacrum can only be understood in the light of its functional as-
pect, for the sacrum is the anchor or keystone of the spine into
the pelvic ring. It transfers and distributes biomechanical forces
into the ilia and lower limbs through the hip joints [12]. Imbal-
ance in this functional unit explains why even slight changes in
spinal, sacral and pelvic morphology due to trauma or osteoporosis
result in significant clinical manifestations among patients [10,13].
Persistence of back pain after surgery can be explained by facet
syndrome, supporting the existence of the LSCFU [14].

It is well known that the magnitude of pelvic incidence, defined
as the sacral axis related to pelvic ring, and a fixed and somehow
static parameter, dramatically affects the extent of lumbar lordosis
[13,15]. A mismatch above 10° between the pelvic incidence and
lumbar lordosis (PI-LL), increased pelvic tilt and sagittal vertical
axis, predisposes to back pain, adult spinal deformity, and kypho-
sis. [12,13,16] Sacrum alignment with the C7 plumb line in the
sagittal plane determines sagittal alignment. Therefore, SF not only
present with local anatomy-related clinical manifestations but also,
when presenting with kyphotic deformity or spinopelvic dissocia-
tion, it modifies Dubousset’s cone of economy resulting in chronic
degenerating clinical entities, conditioning the appearance of recal-
citrant neurogenic and axial somatic back pain [13]. Unsurprisingly,
pelvic incidence has been proposed as a marker of success in the
surgical treatment of SF [17].

Sacral fractures

As stated earlier, SF present mainly in three clinical settings:
Acute high energy trauma in the case of younger patients, low en-
ergy trauma in the case of the osteoporotic elderly (insufficiency
fractures), and pathologic fractures in cancer settings [1,8]. It is
therefore noteworthy that SF present a bimodal distribution [5]. Al-
though early descriptions of SF referred to it as the “suicide jumper
fracture”, current traumatic etiologies include motor vehicle acci-
dents in 57%, pedestrian against vehicles in 18%, falls from heights
and motorcycle accidents in 9% each, and crush injuries in 4% of
cases [18]. Importantly, close to 75% of patients who present to the
emergency room with SF are neurologically asymptomatic, hinder-
ing clear diagnosis [19]. Patients for whom the diagnosis of frac-
tures is delayed continue to create chronic imbalances in the nor-
mal biomechanical disposition of the LSCFU, creating the opportu-
nity for pathological entities [10].
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The mechanisms behind sacral injuries are related to axial load-
ing producing tensional stress, hyperflexion and hyperextension
creating shear stress, and traction by the ligament insertions giv-
ing rise to avulsions. The main objective of functional assessment
related to SF is the stability of the sacrum. This concept is as-
sessed by the integrity of the joint points of the sacrum (body,
facets, sacroiliac, and sacrococcygeal joints) and its stabilizing liga-
ments. Stability is a controversial concept, but it refers to the abil-
ity of the spine to limit the displacement of its structures when
under physiological challenges [20]. Thus, the spine limits itself to
avoid injury to its components while moving, providing support
and protection, and preserving energy reserves. The ultimate aim
of decision-making is therefore to maintain stability and achieve
satisfactory neurological and clinical outcomes.

Classification systems

In general, SF can be longitudinal/vertical, transverse, avulsed,
or combinations of these, leading to spinopelvic dissociation (SPD)
and instability [21]. SPD accounts for 2.9% of all SF and is the most
severe presentation, entailing biomechanical disconnection of the
lumbar spine from the pelvic ring; it should always be treated sur-
gically. Several classification systems have been proposed to de-
scribe the fractures according to morphology, mechanism, neuro-
logical deficit risk, or stability. Among these, the Denis classifi-
cation and the modified Roy-Camille classification are the most
widely used [2]. However, each system has its advantages and dis-
advantages. The most evident disadvantages are the lack of infor-
mation regarding general and neurological clinical status, the func-
tional integrity of the bladder and voiding systems, sexual per-
formance, and the involvement of soft tissue in the injury. All of
these are crucial for decision-making. There is therefore a need
for a broader descriptive tool that would allow the clinician to
communicate appropriately while providing management guidance
[8,22,23]. This leads to the AO spine classification, which we will
discuss in detail below. Other classification systems such as the
Isler scale and the spinopelvic dissociation structural system will
also be mentioned.

The Denis classification

The Denis classification system was proposed in 1988 follow-
ing a retrospective analysis of 236 cases [24]. It is based on the
anatomical presentation of vertical components of fractures over
the sacrum anatomy divided into three major areas. The Denis
classification is particularly useful for predicting the risk of neu-
rological deficit but lacks soft tissue and instability information.
Hence, it is not always suitable for decision-making when used
alone (Fig. 1 and Table 1).

Denis zone I (alar zone) fractures are those that appear in the
ala of the sacrum without any damage to either the foramina or
spinal canal. They have a low risk of neurological deficit (< 7%),
and any such deficit is related to the L5 root, which lies superior to
the ala. That means clinical presentation with motor disturbances
for dorsiflexion and sensory deficit relating to the lateral calf and
foot. [1,24] Denis zone I fractures can be subdivided into those
with and those without significant horizontal displacement [24].
Usually, such fractures do not entail instability and have a low risk
of neurological deficit unless they present bilaterally, in which case
the instability is sufficient to warrant surgical stabilization [9].

Denis zone II (foraminal zone) fractures present within the
sacral foramina (one or more foramina). They entail neurological
deficit in up to 28-30% of patients and pertain to radiculopathy
not so much of L5 but more of S1-S2 [1]. Hence, fecal and blad-
der voiding as well as injury to the pudendal nerve are entailed,
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Table 1
Denis classification system.
Type Findings Mechanism Neuro deficit Stability
Zone | Through the ala without any Lateral compression forces, Low risk Usually stable
damate to either the foramina open-book deformities, and (<10%)
or the spinal canal vertical shear
Zone 11 Involves one or more foramina Lateral compression forces, High risk Usually stable
open-book deformities, and (20-30%)
vertical shear
Zone III Primarily involves the spinal Involve a spectrum from Highest risk Often unstable

canal; can also go through
zones I and II

fracture dislocations to “sacral
burst” fractures

(50%<)

Fig. 1. Denis zones for sacral fractures (Zones I to III).

and the condition facilitates the onset of sensory disturbances in
the perineum, anus, and genitalia [25].

Denis zone Il (central zone) fractures involve the spinal canal.
The fracture line may go through two zones. They have a risk of
neurological deficit in 57% and represent the worst condition in
the classification system, being related to cauda equina syndrome.
Ebraheim et al. found that 87.5% of patients presenting with De-
nis zone III SF had loss of bowel and bladder function and 62.5%
had sexual dysfunction [26]. Since this pattern almost invariably
shows a transverse component, Roy-Camille proposed a subdivi-
sion of Denis zone III fractures based on the displacement of the
fracture segment, initially in three types, but this was later modi-
fied by Strange-Vognsen and Lebech in 1991 who added a fourth
pattern (see next section).

The modified Roy-Camille classification

The Roy-Camille classification was first proposed in 1985 [27].
However, its final version appeared after the aforementioned mod-

ifications by Strange-Vognsen and Lebech in 1991 [28]. This classi-
fication provides useful information about the morphological con-
figuration of the fracture, the grade of ventrodorsal displacement,
and the mechanism, and some degree of information about the
neurological deficit risk and stability. It also provides management
guidance (Fig. 2 and Table 2). However, the system still lacks clin-
ical assessment; the involvement of adjacent soft tissues is not
addressed, so again, the clinical guidance provided fails to estab-
lish the best decision-making process. In this scale, type I refers to
a central SF with kyphotic deformity without displacement; type
Il refers to a SF presenting with kyphosis and partial retrolisthe-
sis of the upper segment with a higher risk of neuropathy than
type 1. Both types I and II are produced by hyperflexion of the
sacrum and present a moderate risk of instability. The type III frac-
ture presents with sacral spondyloptosis, holding the highest risk
of cauda equina syndrome with a high risk of instability. Finally,
type IV, added in 1991, presents a transverse fracture without dis-
placement and with comminution of the affected segment. It is
produced by axial loading forces and has a high rate of instabil-
ity [29].

Similarly, the Isler classification (Fig. 3 and Table 3) classifies
Denis zone II fractures depending on the position of the fracture
line in relation to the facet articulation and provides stability infor-
mation: Isler type I for those lateral to the facet, type II for those
that disrupt the facet directly, and type III for those extending me-
dial to the facet joint and involving the spinal canal. It is notewor-
thy that type I presenting bilaterally and type III presenting unilat-
erally entail instability and indicate surgical treatment.

With the advent of CT, an additional system analogous to the
modified Roy-Camille system was produced as a merely descrip-
tive classification for spinopelvic dissociations. It classifies the frac-
tures depending on the fracture line shape as: U, H, II, T and Y
(Fig. 4) [9]. This system is widely used but provides little man-
agement guidance because all of these presentations are usually
unstable. For that reason, the Denis classification and the modified
Roy-Camille classification remain the main assessment tools world-
wide.[1]

AO spine classification for sacral fractures

In 2016, a survey by the AO foundation that included 474 spine
surgeons worldwide revealed a consensus: A universally accepted
classification system was needed that would include clinical guid-
ance, enhanced communication among spine professionals, global
assessment regarding stability, and correlation of severity of each
type of fracture [23]. On the basis of this consensus, and with
the collaboration of AO spine and trauma members, the AO Spine
Sacral Fracture Classification system was proposed to ameliorate
the disadvantages of the earlier systems [30]. The fractures were
sorted into type A (A1-A3) for lower sacrococcygeal injuries; no
impact on posterior pelvic or spino-pelvic instability, type B (B1-
B3) for posterior pelvic injuries; primary impact is on posterior
pelvic stability, and type C (C0-C3) for spino-pelvic injuries; spino-
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Type | Type Il Type Il Type IV

Fig. 2. Roy-Camille classification modified by Strange-Vognsen and Lebech (Types I to IV).

Table 2

Modified Roy-Camille classification system.
Type Findings Mechanism Neuro deficit  Stability
Type 1 Kyphosis w/o displacement Hyperflexion Low risk Potentially stable
Type 2 Kyphosis with partial Retrolisthesis Hyperflexion High risk Often unstable
Type 3 Anterior displacement of the sacrum SUP BOD segment  Hyperextension  Highest risk Always unstable
Type 4  Transverse with Conminution Axial loading High risk Always unstable

Type | Type Il Type lll

Fig. 3. Isler classification of Denis zone II sacral fractures (Types I to III).

LAAA

U-type H-type ll-type T-type Y-type

Fig. 4. Schematic depiction of the types of spinopelvic dissociation (adapted from Lehmann et al., 2012).
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Table 3
Isler classification system.
Type Findings Stability
Type | Fractures lateral Unstable when
to the facet in bilateral
which the Stable when
dislocating unilateral
hemipelvis

causes a fracture
of the articular
process of S1 or
of the
corresponding
inferior articular
process

Fractures of the
lumbosacral
junction that
exist through the
L5/S1 facet in
which the
dislocating
hemipelvis
causes a
disruption at the
level of the joint:
(a) in the form
of a fracture
dislocation, if the
sacral fracture
passes through
the articular
process of S1

(b) in the form
of subluxation
(c) in the form of
a completely
locked
dislocation
Fractures of the
lumbosacral
junction that exit
medial to the
facet where the
dislocating
hemipelvis
causes multiple
lesions along the
articular pillars
with resulting
joint
incongruencies
and fractures of
the articular
processes,
interarticular
portions, laminae
and pedicles

Type II Higher instability

Type III Highest

instability

pelvic instability (Fig. 5). This system retains a hierarchy of in-
creasing severity, the C type being the most severe [30]. Addition-
ally, it addresses neurological status information, modifying Gib-
bon$ cauda equina assessment and soft tissue modifiers (Table 4)
[31].

Clinical assessment

Clinical assessment of SF is complex and challenging for the
clinician because of the unique setting in which these fractures
present. The multidisciplinary approach required for trauma cases
enhances the patient$ general clinical inspection. Since SF rarely
present in isolation, the possibility of life-threatening injuries
should be investigated following the advanced trauma life support
(ATLS) algorithms before the sacral-focused assessment [32]. For
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AO Spine Sacral
SPINE Classification System

Lower Sacrococcygeal Injuries Posterior Pelvic Injuries Spino-Pelvic Injuries

/] Goceygeal o compression vs
ligamentous avulsion fractures

B CentalFr involy i canal CO 1 U-typ

+ Low likelinood of neurological injury

B2 Jransalar Fracture—doos ot incte
foramina or spinal canal
+ Uniatra Denis Zone
K \hetal Dok 2o . (C SecalU-type variant without
o posterior pelvic instability
f « Aoy uniatoral B-subtype where psiateral superior 1 facat

o Giscontnuous wi el par ofsocnum

A\ Nen-displaced transverse fractures \ « May impact sping-poiicstabiky (sien
below the S-1 joint

+ No mplcationson stabity
 Low Wlhood o cauda equina iy

3

(G2 Biateral complete Type B njuries
without transverse fracture
« Moro unstable an higher elihood of neuro nury than C1

B3 Trensforaminal Fracture-invoives
foramina but not spinal canal
« Dens Zone llinjury

(C3 Displaced U-type sacralfracture
A3 P AT e fiactes « Wors combination o instabiiy an keliood of neuro
« Highe kelood of neuro inury than A1 or A2 isplacoment)

inlury
« Dk insverse sacral fracture - canal !
« May possibly beneft rom reduction and stabiization T Sliplcad uRimorss ehm ki s ol corpeTie

Sacral Fractures-Overview Neurology Modifiers Classification Nomenclature
e sty oy pogtesatia DL ) E—
el L) hica Transforaminal fracture (B3) igh energy injury
[ e e pe ey
= TypeA n ‘and anterior pelvic ring (M3)
NoImpact on posterior pEMC or Spino-paivic =
Inctaiy e sors G e R B3 v, M3
o o T ik M9,
= TypeB _Posterior Pelvic Injuries et phrte —_—
, o [ oo
aTypeC _Spino-Pelvic Injuries B o

ino-pelvic instabilty

Further information:

OS] d i o
@IOEle www.aospine.org/classification

Fig. 5. AO spine sacral classification system. Reprinted from https://aospine.
aofoundation.org/clinical-library-and-tools/ao-spine-classification-systems.

Table 4

The Gibbons Classification of cauda equina im-
pairment (adapted from Beckmann and China-
puvvula, 2017).

Type Neurological deficit

Type 1 None

Type II Paresthesia only
Type 1l Lower extremity motor deficit
Type IV Bowel/bladder dysfunction

example, associated visceral injuries were noted in 42% of cases,
thoracic injuries in 37%, and closed head injuries in 21% [33]. Mus-
culoskeletal injuries included extremities in 63%, anterior pelvic
fractures in 52%, other spine fractures in 47%[33]. Spinal cord in-
jury was noted in 16% [33].

After the achievement of hemodynamic stability and adequate
resuscitation, the integrity of the pelvic ring should be evalu-
ated first through physical examination tools and then with ba-
sic radiological assessment [34]. Through inspection, the physician
can judge the symmetry of the pelvic structures, the presence of
hematomas, soft tissue injuries and associated open wounds. Ab-
normal movement of the ilia can be elicited by manual internal
and external rotation maneuvers, assessing the subcutaneous tis-
sue for degloving (Morell-Lavalle$ lesion) [18]. Vaginal examina-
tions provide information about open injuries. Pelvic ring injury
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also predisposes to vascular lesions, so it is also important to as-
sess distal pulses [25].

The neurological assessment must include motor function, sen-
sory function examination using a pinprick maneuver on the der-
matomes of the gluteal region, anus, perineal region and external
genitalia [25]. Rectal examination is necessary for evaluating the
integrity of innervation to the anal sphincters, and the bulbocav-
ernosus and cremasteric reflexes establish whether there is cauda
equina injury [35].

Radiological assessment is made after the initial physical exam-
ination and evaluation of the general stability of the patientS con-
dition. Before the advent of CT, X-Ray images were the only tool
for the structural workup of the pelvic ring [2]. Because of its very
low sensitivity regarding sacral fractures, plain X-Ray is not consid-
ered the best assessment tool, but sometimes it is the only avail-
able option. In such a case, the anteroposterior view, inlet, outlet,
and lateral projections can increase the technique$ receiver opera-
tive characteristics to achieve a more accurate diagnosis. A CT scan
is considered the gold standard given its high sensitivity and speci-
ficity. Sagittal and coronal reconstructions are mandatory for ade-
quate characterization of the lesions. Three-dimensional CT recon-
structions can help surgeons to assess the fracture patterns prior to
the surgeries. MRI techniques facilitate the assessment of soft tis-
sue and have better receiver operating characteristics (ROC) than
CT, but low availability and greater cost mean this technique is not
widely used for diagnosing SF [4].

Treatment options

Management options for SF must accomplish the restoration of
neurological, structural and functional outcomes while respecting
the biomechanical properties of the LSCFU [10]. Consequently, the
main factors to keep in mind while planning management are the
fracture etiology, correct structural assessment of the fracture, neu-
rological status represented by motor, sensitive, bowel/bladder, and
sexual function, soft tissue involvement, stability, and concomitant
associated injuries [36]. Given this broad spectrum of factors to
consider, rigid management guidelines are difficult to conceive, and
each case must be considered individually to provide the best out-
come possible. The multidisciplinary approach among trauma sur-
geons and subspecialists provides the key to success in treating SF
and its associated lesions [1].

The primary treatment should start with an adequate ATLS as-
sessment, resuscitation, and control of associated life-threatening
lesions. The use of pelvic binders and sheets in primary manage-
ment has effected a statistically significant reduction in mortal-
ity and ICU length of stay and should be implemented after the
clinical assessment of neurological function as mentioned above
[37]. In general, the management choices are non-operative man-
agement, surgical direct or indirect decompression, minimally in-
vasive osteosynthesis with or without navigation, external fixation,
and open reduction with internal fixation techniques. Sacroplasty
might be reserved for non-displaced low-grade insufficiency frac-
tures of the sacrum although it is still controversial [38].

Non-surgical management

Conservative management is based on modification of activity,
hip Spica casts, bracing, and traction techniques [9]. It is reserved
for fractures without neurological deficit, preserved stability, ab-
sence of soft tissue involvement, and no displaced fragments. For
instance, it is indicated for unilateral zones I and II fractures in
the Denis classification, and types Al and A2 in the AO classifica-
tion. Non-operative management for fracture types A3 and B, and
CO (some equivalents to Denis zone III fractures), can be consid-
ered in individual cases where there is adequate tolerance to im-

[m5G;November 10, 2020;22:2]

Injury xxx (XXxx) Xxx

mobility and absence of displacement. However, Siebel et al. pub-
lished a case series of sacral Denis zone III fractures treated by
non-surgical management and showed that even though the frac-
tures healed in every patient, the functional scores were always
lower than in the general population, and some continued to have
bladder, bowel, and sexual dysfunction and presented with chronic
back pain [39]. It is noteworthy that fractures presenting below
the S2 segment without displacement have a low risk of instabil-
ity and, even when they present with neurological symptoms, con-
servative management is possible. Although conservative manage-
ment has had proven good outcomes, the cases must be carefully
selected and followed up for functionality.

Decompression

The term ‘decompression’ refers to the relief of ten-
sion/compression of neural structures entrapped or under traction
after a change in the physiological structure of the surrounding
tissues [40,41]. Decompression is one of the main objectives of
treatment in every surgical or non-surgical intervention, so it
can be achieved directly, using laminectomy or foraminotomy,
or indirectly through reduction (open or closed) of the fracture
segments, restoring the patency of the neural foramina and canals.
Indications for these techniques are focused on the presence of
neurological deficit and radiculopathies, stable fractures with little
displacement, and soft tissue involvement or adverse anatomy for
lumbopelvic fixation [42].

The Surgical Timing in Acute Spinal Cord Injury Study (STASCIS)
[40] provided information about the importance of early decom-
pression for achieving neurological improvements. Although the
study focused on the cervical segments and compression of the
spinal cord, its results have been used to support early decompres-
sion for spine traumatic injury to other neural structures; despite
the fact that the nature of the compressed element (spinal cord
in contrast of the cauda equina) differs greatly in terms of rela-
tive durability of nervous elements, neural perfusion, and inner-
vation patterns which makes the validity of the comparisons un-
clear [40,43]. Kepler et al. in 2017 presented a systematic review
of the literature that included 30 articles and 309 patients present-
ing with SF and comparing surgical direct vs. indirect decompres-
sion. Among these patients, 13% showed no functional recovery,
40% achieved partial recovery and 45% achieved complete recov-
ery. The authors revealed a non-significant trend toward improve-
ment in function using indirect decompression alone (P=0.08) and
found better outcomes when decompression was performed within
the first 72 hours after the clinical manifestations [44]. Complica-
tions and failure of direct decompression in monotherapy are re-
lated to patients who are poorly selected because pelvic instability
and alignment are overlooked.

Sacroplasty

Percutaneous administration of stabilizing compounds into the
cancellous portion of the sacrum at the level of S1-S2 segments
(sacral ala) has been used since 2001, initially for metastatic pelvic
lesions. [38] Since then, the procedure has proved useful for reduc-
ing pain in sacral insufficiency fractures (SIF). Frey et al. in 2017
published a prospective cohort study that included 244 patients
with SIF who were treated with non-surgical management vs.
sacroplasty [45]. A 10-year follow-up revealed that the sacroplasty
group showed statistically significantly lower visual analog scale
(VAS) scores than the non-surgical group. However, the study pro-
vided no information about the classification or stability of the
fractures and did not include neurological status in the follow-
up. Although it confirmed the safety and efficacy of sacroplasty
for sacral insufficiency fractures, the evidence was not conclusive
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with respect to development of classification-based recommenda-
tions. Complications associated with this procedure include pene-
tration of/extrusion of cement around the neural structures within
the sacral plexus in up to 7.4% of cases, but usually with few clin-
ical consequences [38]. Gupta et al. in 2014 presented a retrospec-
tive review of cases and included functional outcome assessment
measured by the Functional Mobility Scale documenting a decrease
from 3.0 (preoperative) to 1.0 (postoperative) (P< 0.001) among 0s-
teoporotic, traumatic and bilateral SF. Talmadge et al. obtained sim-
ilar results [46,47]. As the biomechanical outcomes of sacroplasty
have not been completely elucidated, this procedure is typically
used in cases of insufficiency with non-displaced and stable frac-
tures of the sacrum.

Minimally invasive osteosynthesis and sacroiliac fixation:
posterior pelvic ring fixation

Posterior pelvic ring fixation using a sacroiliac screw (SIS) has
been proposed for traumatic SF [48,49]. It involves the percuta-
neous placement of a 7 mm cannulated cancellous sacroiliac screw
at the height of the S1 and S2 vertebrae. This can be done unilater-
ally or bilaterally [50]. The technique has advantages that include
decreased surgical times, fewer wound-related complications and
less bleeding, infection rates close to 0%, and minimal involvement
of soft tissue because the technique is percutaneous. However, the
reported disadvantages include persistent back pain in up to 30%
of patients, and only 70-78% neurological improvement for trans-
verse SF cases with spinopelvic dissociation; this is low compared
to lumbopelvic fixation, and lacks a biomechanical basis.[51,52] SIS
fixation can be contraindicated in cases of severe soft tissue in-
volvement, sacral dysmorphism, inadequate safe entry zones, and
in AO type B3 (high-grade Denis zone II) SF [4]. It can be used as
supplemental hardware or alone in percutaneous or open reduc-
tions [21].

Additionally, the lack of direct visualization and limited tac-
tile control leads to increased X-ray exposure. Complications of
SIS include hardware malposition in up to 18-25% of cases, and
breakages [53]. This technique has been used in Denis zone I, se-
lected unilateral Denis zone II and non-displaced Denis zone III
fractures with Roy-Camille I displacement pattern, noncomminuted
U-shaped fractures,[51] fracture types B1, 2 and 3 in association
with lumbopelvic fixation, or CO in the AO spine classification for
SF [54].

Lumbopelvic fixation

Lumbopelvic fixation refers to the compilation of techniques
aimed at achieving functional fixation of the lumbar spine to the
ilia to fix the sacroiliac joint and bypass the injured sacrums$
biomechanical attachment to the lumbosacral spine and pelvic ring
(Fig. 6) [33]. This treatment option is the most biomechanically
robust but implies broader surgical exposure, more bleeding and
longer operation times [51]. The surgical outcomes such as per-
centage of union and fixation over time vary depending on the
specific techniques and materials used. Indications for lumbopelvic
fixation include high grade spondylolisthesis; long segment fusions
to the sacrum used in the setting of spinal deformity and lumbar
fractures; destructive lesions to the sacrum including those caused
by neoplasm, osteomyelitis, and fractures; and treatment of L5-
S1 pseudoarthrosis [55]. Specifically regarding SF, the use of lum-
bopelvic fixation is indicated in any of the C type SF in the AO
spine classification, i.e., in any fracture of the sacrum that entails
instability or spinopelvic dissociation [50].

The technique was first introduced in 1950-60 with the appear-
ance of Harrington instrumentation, a system of hooks and rods
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[56]. It led to pseudoarthrosis in up to 40% and high rates of com-
plications such as flat back syndrome. Since then, several develop-
ments have been proposed such as Luque$ sublaminar wires, the
Cotrel-Dubousset, and the Galveston techniques [57]. The last con-
stitutes the basis of the current techniques; it consists of a stronger
construct using contoured iliac rods, which had better biomechan-
ical profiles than the earlier techniques but still had high rates of
failure and complications. However, the technique was improved
by the advent of tricortical S1, transiliac, and S2 alar-iliac screws
[58]. Currently, lumbopelvic fixation can be used alone or in com-
bination with the screws mentioned above; for example, combi-
nations between the iliosacral and transiliac screws (triangular os-
teosynthesis) [59,60]. Moreover, these techniques have been per-
formed using minimally invasive approaches with navigation sys-
tems and robotics, increasing accuracy and decreasing operative
times, surgical exposure and complications [61,62].

S1 pedicular screw

The S1 pedicular screw has the most robust attachment to the
cancellous bone of the sacrum. O'Brien et al. divided the pelvic
structures into three areas depending on the solidity of the bony
structures [63]. They defined the vertebral bodies of S1 as area 1 or
the strongest, the ilia as area two and intermediate, and the lower
sacrum as area 3 and less compact bone. S1 and S2 then provide
the strongest anatomical corridors for hardware placement [48].
This type of hardware has three potential trajectories: Anterolateral
aiming towards the ala; Anterior towards the border between the
vertebral body and the ala; and Anteromedial, heading toward the
sacral promontory [64]. Among these, the anteromedial trajectory
represents the most biomechanically robust basis for spinopelvic
constructs since it possesses the firmest bony support and because
the tricortical purchase increases the overall strength [60,64].

Similarly, the S2 pedicle screw has two main trajectories: The
anteromedial trajectory towards the vertebral body, and the an-
terolateral aiming towards the ala. Although the S2 pedicle screw
has shown good surgical outcomes, it does not replace the S1 pedi-
cle screw or the S2 alar-iliac screw described below [51].

Iliac screw (transiliac)

The transiliac screw was introduced in early 2000 to improve
the biomechanical profile of the Galveston rod technique by plac-
ing large-diameter screws into the iliac column, which is a com-
pact bony corridor between the posterior superior iliac spine (PSIS)
and the anterior inferior iliac spine (AIIS) [51]. This corridor is
bounded superiorly by the wing of the ilia and inferiorly by the
acetabulum and the greater sciatic notch. This bony structure pro-
vides the transiliac screw with excellent biomechanical strength.
Consequently, the entry point and the ideal trajectory of the screw
match these anatomical boundaries [65]. As a disadvantage, the il-
iac screw is very prominent owing to its entry point in the PSIS,
which leads to soft tissue injury and pain. Techniques to recess
the screw head within the PSIS help to partially mitigate screw
head prominence [60]. Also, the increased torque exerts consider-
able pressure on the rods connecting with the cephalic end of the
construct, increasing its likelihood of breaking at this level (up to
31% of cases) [33]. Other risks include invasion of the greater sci-
atic notch and injury to the superior gluteal artery, leading to ex-
tensive bleeding and acute hypovolemia. In a case series presented
by Bellabarba et al., up to 16% of patients had infections includ-
ing methicillin-resistant staphylococcus and Gram-negative organ-
isms [33]. This technique can be used both in open and percuta-
neous approaches and is one of the most widely used to fix the
lumbopelvic structures [55]. Other additions to the technique have
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Fig. 6. A 77-year-old female patient with traumatic fracture of the T8 vertebral body, complex sacral fracture, and unstable pelvic fracture. A T6-lumbopelvic fixation was

performed and post-operative radiographs are shown.

been described such as triangular osteosynthesis (using a transil-
iac screw simultaneously) or modifications such as the use of S2
alar-iliac screws.

Triangular osteosynthesis

Triangular osteosynthesis, introduced during the late 1990s,
refers to the use of a vertical fixation component represented by
a lumbopelvic construct using transiliac screws, and a horizontal
part represented by a sacroiliac screw at the height of the S1 ver-
tebral body [59]. The aim of this technique is to provide enhanced
multiplanar stability of the LSCFU. It results in a statistically sig-
nificantly smaller displacement and better stability than sacroil-
iac fixation alone [59]. Therefore, the combination of vertical and
horizontal components of fixation provides additional protection
against cranial migration of the injured half of the pelvic ring while
sacroiliac fixation in isolation cannot resist vertical shearing loads,
resulting in hardware breakage and displacement [65]. The disad-
vantages of triangular osteosynthesis concern the use of transiliac
screws and are related to prominence, rod breakage, decubitus ul-
cer, infection, hematoma, and second operations [33]. Triangular
osteosynthesis is contraindicated if soft tissue is compromised and

indicated in unstable transforaminal Denis zone II fractures, cases
with severe displacement and inadequate sacral anatomy. Notably,
the presence of previous hardware can produce obstruction at the
moment of fixation [66].

S2 Alar-Iliac screw (S2AI)

The S2AI emerged to combat the disadvantages of transiliac
screw placement and has caused fewer complications than the
previously-mentioned technique [67]. The insertion point is placed
one centimeter lateral to the midline and between the S1 and S2
foramina adjacent to the sacroiliac joint [68]. The trajectory aims
toward the AIIS with 30-40 degrees of lateral angulation in the
transverse plane and 20-30 degrees of caudal angulation in sagit-
tal. This entry point makes side connectors unnecessary since the
screw is placed 10 to 15 mm deeper into the soft tissues and tra-
verses three cortices to increase its fixation force and purchases
both the ilia and the sacrum [69]. Its advantages include less rod
breakage, fewer wound complications owing to its less prominent
profile, enhanced torque strength, the option of rod construction
in-line without the need to bend the rod, less paraspinal muscle
dissection, and less morbidity [70]. Limitations of this technique



JID: JINJ

S. Gutierrez-Gomez, L. Wahl, R. Blecher et al.

that have been described include misplacement of hardware vio-
lating both the acetabulum (chondral lesion) and the greater sci-
atic foramen (neurovascular injury), injuring the superior gluteal
artery, the sciatic nerve, the obturator nerve, the internal iliac vein
and artery, and the lumbosacral plexus [70].

Ilyas et al. in 2015 presented a case series comparing compli-
cations of the use of S2AI versus iliac screws. They found that the
S2AI had significantly fewer complications in both adult and pedi-
atric populations [71]. There were statistically significant absolute
risk reductions for acute infection (13%), loosening (18.1%), revi-
sion surgery (14.5%), late pain (18.7%), and delayed wound com-
plications (10.8%) [72]. Regarding biomechanical rigidity, Hoern-
schemeyer et al. in 2017 found that S2AI invariably increased the
construct stiffness but the results were not statistically significant,
probably because of the small sample size [73]. These screws can
be applied using a freehand technique, minimally invasive surgery,
navigation guided and using robotics [58,74].

Conclusions

Fractures of the sacrum are associated with unique anatomy
and biomechanics. Additionally, there is no consensus among the
various classification schemes or best treatments strategies. This
paper has reviewed vulnerable anatomical structures and all classi-
fication and treatment strategies for SF. Future, prospective studies
are needed to assess best practices for these fractures of the verte-
bral column.
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