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At the cornerstone of the pelvis and spine, the sacrum may be fractured in patients of all ages. Sacral fractures range from
high-energy injuries, with mortality rates of up to 18%, to low-energy insufficiency fractures. The intricate geometry of
the sacrum, the breadth of morphotypes, and the presence of congenital anomalies all can complicate the treatment of
these fractures. Agreement on the surgical indications for these injuries is limited. This narrative review aims to update
orthopedic surgeons on the clinical evaluation and the non-surgical and surgical management of these fractures.
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Introduction

The diagnosis and treatment of sacral fractures requires a
high degree of suspicion and clinical judgment. Sacral frac-
tures have been known to occur in 30% to 45% of pelvic
ring injuries [9,17]. The mechanisms range from high-
energy trauma to low-energy falls in osteoporotic patients;
5% of sacral fractures have historically presented as iso-
lated injuries [9,47].

Sacral fractures can be difficult to diagnose due to poor
visualization on standard radiographs and distracting inju-
ries in poly-traumatized patients. As a result, 30% of sacral
fractures are identified late [63]. Nearly 25% of sacral frac-
tures are also associated with neurologic injury, and missed
fractures can result in neurologic compromise, including
lower extremity, urinary, rectal, and sexual dysfunction
[17]. Notably, in 1988, Denis et al found that a sacral frac-
ture was missed in 24% of patients with an associated neu-
rologic deficit and in 49% of patients who were
neurologically intact [17].

Sacral fractures can be fatal in the elderly. Keil et al
found an overall inpatient mortality rate of 10% after high-
energy pelvic fractures, with a 3-fold higher mortality rate
in patients over the age of 65 [30]. In the elderly, low-energy
injuries may fracture the sacrum as a result of osteoporosis
or may insidiously develop adjacent to spinal instrumenta-
tion and present as occult low back pain [11,66]. In their
systematic review, Joaquim and Patel found the incidence
of sacral and pelvic fractures after instrumented lumbar
fusions to be nearly 2% with the major risk factors being
elderly patients, multilevel surgery, long fusions stopping at

L5 or S1 instead of the ilium, osteoporosis, obesity, and sag-
ittal imbalance [26].

Anatomy of the Sacrum

The sacrum (Fig. 1) is an inverted triangle consisting of 5
vertebrae, which begin fusing around 18 years of age and
complete fusion between 25 and 33 years [15]. It articulates
with the lumbar spine proximally, the coccyx distally, and 2
innominate bones laterally [28]. The triangular shape allows
for axial load transmission between the spine and the lower
extremities through the sciatic buttress. The weight-bearing
portion of the sacrum is through the S1-S2 segments. The
gross geometry of the sacrum consists of a concave central
vertebral body and promontory flanked by 2 sacral ala,
which represent fused transverse processes, a central spinal
canal, and a convex dorsal laminar surface. On the ventral
and dorsal surfaces are 4-paired sets of foramina, which
serve as conduits for the exit of neural structures. The L5
nerve root runs on the anterosuperior surface of the sacral
ala, placing it at particular risk of sacral fracture. The
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Fig. 1. Bony and ligamentous lumbosacral anatomy. This figure
was published in Surgical Anatomy and Techniques to the Spine
(2nd ed) [37]. Copyright Elsevier (2013).

ventral S1-S4 nerve roots exit the foramina superomedially
and form the sacral plexus, as well as S1, S2, and S3 con-
tributing to the sciatic nerve. Dorsally, the nerve roots are
responsible for sensory transmission and form the cluneal
nerves. The S1 and S2 nerve roots carry a higher rate of
injury than the S3 and S4 nerve roots due to their larger cali-
ber that fills a greater volume of their foramina [17].

The sympathetic chain runs along the lateral lumbar
spine with its preganglionic fibers investing the sacral roots
as well as forming the superior hypogastric plexus. Branches
of the ventral S2 to S4 nerve roots, or the pelvic splanchnic
nerves, provide parasympathetic innervation to the inferior
hypogastric plexus. The sympathetic input allows for
anterograde ejaculation out of the urethra while the para-
sympathetic input allows for the vascular reflexes that
maintain erectile functions. Injury to the sympathetic chain
can result in ipsilateral lower extremity warmth and flush-
ing in addition to retrograde ejaculation in men.

The sacroiliac (SI) joint is a synovial joint formed
between the hyaline cartilage of the sacrum and the fibro-
cartilage of the ilium. The SI joint transfers load from the
spine to the lower extremities [36]. Some of the strongest
ligaments in the body serve to maintain lumbopelvic sta-
bility, including the anterior, interosseous, and posterior SI
ligaments, which join the sacrum to the ilium. In combina-
tion with the ligaments of the pelvic floor (sacrotuberous,
sacrospinous, and iliolumbar ligaments), this complex
resists the forward tilt of the upper sacrum while prevent-
ing the posterior tilt of the inferior sacrum and countering
the anterior translation of L5 over the sacral promontory
[38]. The sacrotuberous ligament connects the anteroinfe-
rior sacrum to the ischial tuberosity while the sacrospi-
nous ligament connects the lateral sacrum to the ischial
spine. The iliolumbar ligament is a sleeve of connective
tissue from the L5 transverse process to the inner aspect of
the iliac crest.

The lumbosacral junction is highly variable. Lumbosacral
transitional vertebrae are seen in up to 20% of the general
population [62]. Depending on the number of total verte-
brae in the spinal column and anatomic characteristics, a
transitional segment can be a sacralized L5 or a lumbarized
S1. A sacralized L5 segment is more common than the lum-
barization of S1 and is defined by enlarged transverse pro-
cesses, which either articulate or fuse with the first sacral
segment. It is characterized by the presence of 4 rib-free
lumbar-type vertebrae followed by a wedged vertebra or a
vertebra with hypoplastic or absent facet joints or interver-
tebral disk. A lumbarized S1 demonstrates 6 rib-free lum-
bar-type vertebrae cranially and a subsequent segment with
squaring of the vertebra, an abnormal transverse process,
and/or facet joints and an intervertebral disk between S1
and S2.

Dysmorphism of the sacrum has also been identified in
up to 40% of the population [29,43,50] (Fig. 2). It is essen-
tial to be aware of sacral dysmorphism, particularly if con-
sidering a construct with iliosacral screws. Seven important
radiographic findings of patients with sacral dysmorphism
include mammillary bodies, tongue-in-groove SI articula-
tions, residual upper sacral disk space, collinearity, larger
and noncircular sacral neural foramina, acute alar slope,
and an iliac cortical density that is not coplanar with the alar
slope [43,50].

Surgically, the “safe zone” is a bony corridor in the
sacrum where iliosacral screws can be placed intraosse-
ously. Normally, this ellipsoid osseous area is bounded by
the sacral alar cortical bone cranially and the first sacral
neural foramen between the LS and S1 nerve roots caudally
and provides an interosseous corridor for iliosacral screw
insertion. Similar corridors exist for transiliac-transsacral
screws in the second sacral segment, bounded by the S1 and
S2 osseous corridors.

However, with sacral dysmorphia, S1 transiliac-transsa-
cral screw fixation may not be possible given the distorted
and misshapen character of the upper sacral segment. In
these cases, the “safe zone” for a SI screw is oriented
obliquely from caudal to cranial and posterior to anterior or
the S2 corridor may be used. Conflitti et al found the S2
segment provided a larger osseous site in patients with
sacral dysmorphism for screw insertion and an instrumenta-
tion corridor amenable to transiliac-transsacral screws [16].

Clinical Evaluation

The complex anatomy of the sacrum and the frequency of
concomitant and sometimes distracting injuries cause sacral
fractures to often be diagnosed late or missed altogether.
For trauma patients, a targeted examination for pelvic and
sacral injuries should be conducted, in addition to the
Advanced Trauma Life Support protocol.
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Fig. 2. Sacral dysmorphism/lumbar sacralization are
interchangeable terms used to describe morphotypes of the
lumbar vertebrae: (a) Normal anatomy. (b) Partial sacralization
where the lumbar transverse processes may be enlarged and
articulate with the sacrum. (c) Full lumbar sacralization displays
all the traditional findings of sacral dysmorphism described by
Routt et al [50], including mamillary bodies, enlarged sacral
foramina (which represents false foramina caused by fusion of
the transverse process to the sacrum), and the sacrum having
the appearance of not being recessed in the pelvis.

History

To start, this should include a detailed history. Understanding
the mechanism and possible injury pattern will help guide
management and outcomes. Motor vehicle accidents or a fall
from substantial height are common high-energy mechanisms,
while low-energy repetitive stress in the setting of osteoporosis
may cause insufficiency fractures in women >55 years of age
[66]. Groin, low back, or buttock pain severe enough to render
the patient non-ambulatory in the setting of no or low-impact
trauma should raise concern for a sacral insufficiency fracture

[61]. Neurologic deficits in this scenario are rare. However,
urinary retention or rectal incontinence may indicate sacral
nerve root compression.

Physical Examination

Trauma patients frequently present with peripelvic pain but
must also be evaluated for neurologic compromise and soft
tissue injuries. Sacral fractures may present with low back
pain, and thus confuse clinicians when suspected lumbar
fractures are not present on imaging. Subcutaneous tissues
should be palpated to evaluate for fluid masses suggesting
lumbosacral fascial degloving (Morel-Lavallee lesions).
Vaginal and urologic examinations should be conducted to
evaluate for open fractures and associated urologic injury.
In addition to inspection for soft tissue trauma around the
pelvis, pelvic ring stability may be assessed by internally
and externally rotating the iliac wings in the hemodynami-
cally stable patient without obvious radiographic
instability.

Neurovascular Examination

The lower sacral nerve roots (S2—S5) function to control
anal sphincter tone and voluntary contracture, the bulbocav-
ernosus reflex, and perianal sensation [12]. Thus, in addi-
tion to evaluation of motor function, sensation, and reflexes
of lower extremities, a comprehensive neurovascular exam-
ination should also include a digital rectal examination
focusing on sphincter function, sensation, presence of
blood, and the bulbocavernosus and cremasteric reflexes.
Notably, unilateral preservation of S2-S5 is adequate for
bowel and bladder control. Distal vascular status should be
evaluated with palpation of the pulses or by obtaining an
ankle-brachial index.

In their retrospective review of 44 patients with sacral
fractures over a 2-year period, Gibbons et al found that frac-
tures through the sacral ala only or involving the formina
but not the central canal were less likely to cause nerve
injury (24% and 29%, respectively) than vertical or trans-
verse fractures involving the central canal (60% and 57%,
respectively) [20]. Deficits caused by fractures of the ala or
involving the formina but not the central canal were often
unilateral radiculopathies, while deficits secondary to frac-
tures of the central canal were generally bilateral, severe,
and with concomitant bowel and/or bladder incontinence.
Fortunately, they found that the deficits typically improved,
particularly after surgical intervention [20].

Patients with sacral fractures may also present with trau-
matic dural tears. Bellabarba et al showed that 74% of
patients with sacral fracture-dislocations and cauda equina
syndrome had traumatic dural tears or sacral root avulsions
noted during the index procedure [6]. In addition, 2 patients
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in their cohort required a return to the operating room for
seroma exploration related to the traumatic dural tear.

Imaging

The standard radiographic trauma series—including an
anteroposterior (AP) chest radiograph to evaluate for con-
secutive rib fractures, lung contusions, hemo-thoraces and
pneumo-thoraces, or diaphragmatic injuries, and an AP pel-
vis radiograph to evaluate for pelvic ring injuries—should
be obtained in all high-energy trauma patients. Additional
pelvic views including a lateral, inlet, and outlet can be
obtained to better evaluate the sacrum and characterize
fracture patterns. The inlet view shows the sacral spinal
canal, the sacral ala, and the pelvic ring, while the outlet
provides a true AP of the sacrum, allowing for assessment
of vertical displacement [63].

Schicho et al found the sensitivity of pelvic radiographs
in identifying sacral fractures to be only 10.5% [54].
Although it may be difficult to diagnose a sacral fracture on
plain radiographs, there are key findings associated with
these injuries, including L4 or L5 transverse process frac-
tures resulting from vertical displacement of the iliac wing
or disruption of the iliolumbar ligaments, asymmetric
foramina, and anterior pelvic ring disruptions [18,44,63]. A
paradoxical inlet view of the sacrum on an AP radiograph
should raise suspicions for lumbopelvic disassociation
resulting in a kyphotic deformity of the sacral promontory.
Bilateral sacral fractures should also raise suspicion for
lumbopelvic disassociation [8]. The pelvic incidence mea-
sured on a lateral radiograph may assist the surgeon in sur-
gical reduction of kyphotic fractures [23].

Given the low sensitivity of pelvic radiographs, particu-
larly with the potential of obscuring bowel gas on plain
films, 3-dimensional imaging is recommended to evaluate
all suspected sacral fractures. Fine cut computed tomogra-
phy (CT) allows accurate classification of the fracture and
identification of any degree of central canal or foraminal
involvement [48]. The coronal and sagittal plane images
should be scrutinized for transverse fractures easily missed
on axial images and could represent lumbopelvic dissocia-
tion. If there is concern for neurologic compromise or in
cases of occult sacral insufficiency fracture, magnetic reso-
nance imaging (MRI) is recommended [61,63]. If there is a
neurological deficit, MRI may reveal sacral root avulsions,
traction injuries, or evidence of a traumatic dural tear. On
MRI, T2-weighted images with fat suppression or
T2-weighted short tau inversion recovery images are helpful
in demonstrating the fracture lines of sacral insufficiency
fractures [61]. It is possible to have occult sacral fractures
that are missed initially on CT, and thus the MRI axial cuts
should be scrutinized for sacral alar edema (Fig. 3).

In the setting of sacral insufficiency fractures, dual
energy x-ray absorptiometry (DEXA) is a useful tool to
evaluate bone density [61]. Bone density may also be

obtained opportunistically by examining the Hounsfield
units (HU) in the S1 body on CT [65]. Berger-Groch et al
retrospectively reviewed the bone density measured with
CT of 531 patients with sacral fractures [7]. They defined
osteoporosis as less than 100 HU, osteopenia as 100 to 150
HU, and normal as above 150 HU, which follows the cut-
offs established in the literature. Measuring the HU of the
L5 vertebral body, they found that 75% of patients more
than 65 years old had osteoporosis, and with each additional
year of age, bone density decreased by 2.7 HU [7].

Fracture Classification

Location-Based Classifications

Many sacral fracture classification systems have been cre-
ated to guide treatment and predict prognosis (Fig. 4). Denis
et al created the first widely used system [17], which divides
the sacrum into 3 anatomic zones prognostic for neurologic
deficits: lateral to the foramina (Zone 1), through the foram-
ina (Zone 2), and medial to the foramina (Zone 3). Rates of
neurologic injury increase from Zone 1 (5.9%) to Zone 3
(57%) while incidence of the fracture pattern decreases.
Zone 2 fractures may have a shear component creating
instability, as well as an increased risk of non-union and
poor function outcomes [63].

In a larger study, Khan et al found similar decreasing
rates of neurologic injury with increasing Denis zone.
Although they noted the rate of nerve injury was signifi-
cantly lower than originally reported by Denis (3.5% vs
21.6%, P < .001) [35]. The magnitude of fracture displace-
ment serves as a prognostic factor as those more severely
displaced have a higher incidence of neurologic deficit.

Transverse fractures can be considered a subtype of
Denis Zone 3 injuries. As such, the Roy—Camille classifica-
tion characterizes Zone 3 transverse fractures in the sagittal
plane based on angulation and displacement [51]. Type 1
fractures are angulated but without translation. Type 2 frac-
tures are angulated with incomplete translation. Type 3
fractures show both complete translation and displacement.
As an additional modification, Strange-Vognsen and Lebech
described the comminuted type 4 fracture pattern resulting
from an axial-loading injury [59].

More recently, the Arbeitsgemeinschaft fiir Osteosyn-
thesefragen (A O) classification attempted to comprehen-
sively categorize injuries into 3 groups (types A, B, and C)
according to location: type A injuries involve the lower por-
tion of the sacrococcygeal region. Spinopelvic stability is
unaffected by type A injuries, although higher injuries can
have an associated neurological deficit. Type B injuries are
posterior pelvic fractures characterized by unilateral, longi-
tudinal sacral fractures in which the ipsilateral superior S1
facet is no longer continuous with the medial aspect of the
sacrum, thus affecting the stability of the pelvis. Type C
injuries are sacral fractures that result in instability of the
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Case: 80 year old male
with low back pain. CT
scan of lumbar spine
does not show any
obvious fractures in
sacrum

Alumbar MRI performed
at the same time does
show evidence of fracture
lines/ signal change (blue
arrows)
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Fig. 3. Case of occult sacral fractures. Top row: These are axial CT cuts of an 80-year-old man who presented with low back pain.
The CT scan does not demonstrate any obvious sacral fractures. Middle row: A lumbar MRI was performed on the same day as the
aforementioned CT and revealed evidence of fracture lines/signal change (blue arrows). Bottom row: These are similar axial cuts
from a subsequent CT obtained several days later, which demonstrate displacement of fracture lines (red arrows). CT computed

tomography, MRI magnetic resonance imaging.

spinopelvic region. These 3 broad categories can then be
subdivided based on the AO hierarchy with additional mod-
ifiers and neurologic descriptors [5].

Descriptive Classification

Sacral fractures with a transverse component (so-called
multiplanar fractures) can also be classified descriptively
according to the letter they most closely resemble H-type,
U-type, A-type, and T-type fracture patterns. Notably,
U-type sacral fractures represent spinopelvic dissociation
because the upper portion of the sacrum remains attached to
the lumbar spine while the lower portion remains attached
to the pelvis. These fractures have a high incidence of neu-
rologic injury, long-term pain, as well as bowel, bladder,
and sexual impairments [24].

Stability-Based Classification

The Isler classification can be used for fractures that involve
the lumbosacral articulation and is helpful in assessments of
stability. Isler classified sacral fractures based on the
involvement of the L5-S1 facet. Type 1 fractures occur lat-
eral to the L5-S1 facet, type 2 fractures involve the facet,
and type 3 fractures extend medially to the facet. Type 1
fractures are generally stable, but type 2 and 3 fractures are
unstable and often benefit from operative management [25].

Clinical Decision-Making Classification

Lehman et al created the lumbosacral injury classification
system (LSICS) based on injury morphology, posterior liga-
mentous complex integrity, and neurologic status. From this,
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Fig. 4. Taxonomy of sacral fractures. First row: Denis and descriptive classifications; second row: Roy-Camille subclassification of
Denis Zone 3 fractures modified by Strange-Vognsen and Lebech; third row: Isler classification; bottom half: AO classification of sacral
fractures.
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Table |I. Lumbosacral injury classification system (LSICS).

Type Points
Flexion compression

e =20° kyphosis |
e >20° kyphosis 2
Axial compression (comminution of upper sacrum)

e Without sacral canal or neuroforaminal encroachment 2
e With sacral canal or neuroforaminal encroachment 3
Translational/rotational 3
e Anterior or posterior translation of upper sacrum

e Lumbosacral facet injury or dislocation

e Vertical translation or instability

Blast/shear (severe comminution or segmental bone loss) 4

This table was reproduced with permission from Lehman et al [41]
https://www.thespinejournalonline.com/.

an injury severity score can be calculated allowing for strati-
fication into non-surgical and surgical treatment groups
(Table 1). Furthermore, modifiers including injury burden,
soft tissue status, and expected time to mobility allow for an
algorithmic approach to operative technique selection [41].

Sacral Insufficiency Fracture Classification

For low-energy pelvic fractures, Rommens et al devised a
classification system according to fracture instability and
morphology [49]. The authors noted that these fragility
fractures are unique from high-energy pelvic injuries, and
thus should have a separate framework for evaluation and
management. Type I fragility fractures of the pelvis (FFP)
involve only the anterior pelvic ring. Fragility fractures of
the pelvis type II is defined by a non-displaced posterior
pelvic ring fracture. Fragility fractures of the pelvis type I1I
injuries are displaced unilateral posterior pelvic ring frac-
tures, and FFP type IV injuries are displaced bilateral poste-
rior pelvic ring fractures. Fragility fractures of the pelvis
types I and II are generally stable and can be treated conser-
vatively while FFP types I1I and IV should undergo surgical
stabilization of the pelvic ring (Fig. 5) [49].

To summarize, location-based and descriptive classifica-
tions can help predict neurologic compromise while the
Isler and LSICS classifications can help guide operative or
non-operative treatment choices. Providers should pay par-
ticular attention to the transverse and longitudinal morphol-
ogy of the fracture as well as the location in relation to the
foramina and facets.

Treatment Options

While classification systems clarify sacral fractures and
potential associated injuries, treatment decisions should be
made in conjunction with the patient’s overall status, par-
ticularly in the poly-traumatized patient. Surgical indica-
tions have been difficult to define in the literature and in

practice. In their large prospective, observational study,
Vallier et al demonstrated that surgical indications for sacral
fractures vary widely among surgeons [64].

Non-Operative Management

Patients with stable sacral fractures without neurologic com-
promise can often be treated with focused rehabilitation. For
patients with < 1 cm displacement (encompassing many
sacral insufficiency fractures), a stable pelvis, and without
neurologic deficits, a program of progressive weight bearing
with or without an orthosis can be undertaken [57,63]. Non-
surgical management of lumbopelvic disassociations is rare
and reserved for patients who cannot tolerate surgery. In
elderly, frail patients, bilateral sacral fractures may be man-
aged with 6 weeks of non-weight bearing, followed by pro-
gressive weight bearing but attention to anticoagulation is
critical as these patients are very prone to venous thrombo-
sis. In these patients, non-operative management may
include bedside transfers with wheelchair use.

In a multicenter, prospective study of 194 patients with
unilateral sacral fractures displaced less than 5 mm, Tornetta
et al found differences in pain scores within 24 hours but no
differences at 3 months when comparing operatively and
non-operatively treated fractures [60]. Furthermore, the dif-
ferences seen were below the minimally clinically impor-
tant difference for pain scores for other orthopedic
conditions. Similarly, in a review of 281 patients with lat-
eral compression type 1 and type 2 fractures with complete
sacral injuries, Hagen et al found no difference in pain, opi-
oid use, or post-injury mobilization between operatively
and non-operatively treated patients [21].

Operative Management

Surgical intervention may be indicated for patients with dis-
placement > 1 cm, lumbopelvic disassociation, spinopelvic
instability, open fractures, posterior cortical displacement
> 4 mm, positive stress examination under anesthesia, neu-
rovascular compromise, progressive fracture displacement,
or continued pain with non-operative treatment [64].

Unstable sacral fractures. Patients with unstable sacral frac-
tures may benefit from posterior sacral stabilization with or
without neural decompression. In addition to fracture reduc-
tion and stabilization, neurologic decompression, and soft
tissue coverage, surgically treated patients can benefit from
earlier mobilization.

Potential constructs for unstable sacral fractures or lum-
bopelvic dissociations include the following: open lumbo-
pelvic and iliosacral screw fixation, percutaneous screw
fixation, posterior tension band plate fixation, or posterior
alar plate fixation depending on fracture pattern, soft tissue
status, and surgeon preference [4,50,55].
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Fig. 5. Fragility fractures of the pelvis. This figure was reproduced with permission from Rommens et al [49] https://journals.lww.

com/jorthotrauma/pages/default.aspx.

Spinopelvic fixation is the most biomechanically stable
approach. This includes a triangular construct with lumbar
pedicle screws connected through longitudinal rods and
transverse connectors to iliac screws parallel to the inclina-
tion angle of the outer table [1,52]. Such a construct
bypasses the SI joint, allowing weight transmission [52].

In a retrospective review of 17 patients with spinopelvic
dissociation, Williams et al found that their technique of L4
to pelvis bilateral percutaneous fixation was effective in
reducing and stabilizing U-type and H-type injuries with
minimal blood loss and a shorter operative time than in
open fixation [68]. The authors also placed percutaneous
iliosacral screws in fractures with a safe bony corridor
needing a kyphotic reduction, which is now the mainstay of
treatment as opposed to an open approach [58].

Percutaneous SI, transsacral, or transiliac-transsacral
screws may be used for sagittal fractures. Under image-
guidance or with the use of computer navigation, screws are

placed percutaneously paying close attention to avoiding
the neurovascular structures or overcompressing the frac-
ture [19]. However, this approach does not allow for
removal of loose bony fragments, which may be impinging
on the neural elements [50].

Posterior tension band plate fixation may be used in
addition to iliosacral screws through a posterior 2-incision
approach, which allows for direct visualization of the frac-
ture [3]. In addition, the sacral lamina offers a novel target
for open reduction internal fixation of transverse fractures
[28]. However, given the incisions and limited soft tissue
coverage of the sacrum, this surgical technique risks wound
healing complications. In their systematic review including
109 patients with transverse sacral fractures, Bederman et al
concluded posterior pelvic ring fixation (iliosacral screws,
transiliac screws, transiliac screws with plating, posterior
plating, or transiliac bar) was effective in the stabilization of
transverse sacral fractures [4]. They recommended using
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A

B - -

Fig. 6. Lumbopelvic fixation. (a) Red dot represents starting point of screw into ilium. (b) Lumbopelvic stabilization. This figure was
published in Surgical Anatomy and Techniques to the Spine (2nd ed) [37]. Copyright Elsevier (2013) as a reproduction from Vaccaro

et al [63].

spinopelvic fixation in the setting of additional lumbosacral
instability (Fig. 6).

Sacral fractures with neurological compromise. A range of eti-
ologies can cause neurologic deficits, from traction palsies
to complete transection of the cauda equina. Thus, neural
element decompression can be achieved through indirect
reduction with axial traction or directly through a posterior
approach followed by laminectomy and/or lumbosacral neu-
rolysis, depending on the etiology of the deficit. In addition,
several studies have demonstrated the importance of early
decompression within the first 24 to 72 hours after injury for
the return of neurologic function [17,56,69]. However, a
systematic review by Kepler et al revealed early decompres-
sion (defined as before 72 hours) did not afford any benefit
with respect to neurologic recovery [33]. Similarly, Kempen
et al did not provide evidence of improved neurological
recovery after surgical treatment of transverse sacral frac-
tures compared with non-operative treatment in their sys-
tematic review of 521 patients [32]. Thus, the outcome of
surgical decompression is difficult to discern given the over-
all improvement of 80% irrespective of treatment [56].

Sacral insufficiency fractures. Osteoporotic sacral insuffi-
ciency fractures are frequently treated non-operatively with
protected weight-bearing, pain control, and exercise. How-
ever, in patients who continue to have limited ambulation or
persistent posterior pain limiting mobility, image-guided

sacroplasty may provide pain relief [13,42]. In the treat-
ment of geriatric sacral U-type insufficiency fractures and
posterior pain that prevents mobilization, Pulley et al found
that percutaneous screw fixation permitted early mobiliza-
tion, provided pain relief, and prevented progressive defor-
mity in 16 patients with minimum 1-year follow-up [46].
Similarly, Walker et al demonstrated improved pain, ambu-
lation, and rate of discharge home in elderly patients with
isolated sacral fragility fractures undergoing percutaneous
transiliac-transsacral screw fixation in their retrospective
cohort study of 41 patients (16 treated operatively after
failed non-operative management and 25 treated non-
operatively) [10].

Periprosthetic sacral fractures. Wilde et al found that sacral
fractures adjacent to pedicle screw-based lumbar spinal
fusions to S1 have a characteristic pattern. They generally
present within 3 months after lumbosacral fusion as trans-
verse fractures through the sacral body and screw holes [67].
In their retrospective study of 116 patients who underwent
instrumented lumbosacral fusion from L2 or above, Odate et
al found female sex, higher pelvic incidence, and a larger
lumbar lordosis-pelvic incidence mismatch were risk factors
for developing a post-operative sacral fracture [45]. In gen-
eral, indications for revision of periprosthetic sacral fractures
include refractory pain, neurological deficit, fracture non-
union with anterolisthesis or kyphotic angulation, L5-S1
pseudoarthrosis, and spinopelvic malalignment [11].
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Outcomes and Complications

Given the wide array of treatment options, prospective stud-
ies evaluating operatively treated sacral fractures are lim-
ited. Most studies are confounded by small sample sizes,
selection bias, a retrospective nature, and varying treatment
techniques or outcome measures. In accordance with the
patient’s overall condition, surgical stabilization and neural
decompression should happen as early as safely possible.
Latenser et al found patients with unstable pelvic fractures
who underwent early fixation (within 8 hours of arrival) had
decreased blood loss, a shorter hospital length of stay, less
disability, fewer complications, and higher short-term sur-
vival rates than patients who had delayed pelvic stabiliza-
tion [40]. Routt et al showed that unstable Denis Zone 1 and
2 fractures were more likely to be malreduced after closed
reduction if surgery was delayed by more than 5 days [50].

Although the importance of early surgical intervention is
supported by the literature, the choice of best surgical
approach and construct is not clear; risks and benefits of
each surgical intervention must be weighed. In their review
of 31 isolated sacral fractures, Sathiyakumar et al found that
patients who underwent percutaneous fixation had a signifi-
cantly shorter length of stay without significant differences
in complications or readmissions as compared with patients
who underwent open reduction internal fixation [53].
Furthermore, Kelly et al described that while patients
treated with lumbopelvic fusion of their U/H-type sacral
fracture had increased operative time, they were also more
likely to be discharged home instead of to a rehabilitation
facility as compared with patients who underwent isolated
iliosacral fixation [31].

After comparing SI screws, posterior sacral plating, trian-
gular fixation, and spinopelvic fixation in 16 osteoporotic
cadaver pelvis, Acklin et al concluded triangular fixation in
unstable Denis Zone 2 fractures was the most biomechani-
cally sound construct [1]. However, a prospective study by
Sagi et al of 58 patients with vertically unstable pelvic ring
injuries treated with triangular osteosynthesis demonstrated
that while this technique allowed for early full weight-bear-
ing and prevented the loss of reduction in the comminuted
vertical shear transforaminal sacral fractures, there were sig-
nificant complications observed at 1 year post-operatively
[52]. Complications included iatrogenic nerve injury (13%),
asymmetric L5 tilting with L5/S1 facet distraction (15%),
and the need for re-operation to remove painful fixation in
95% of patients. The authors concluded that triangular
osteosynthesis should be used selectively for comminuted
transforaminal sacral fractures and only in cases where reli-
able iliosacral or transsacral screw fixation is not possible.

Venous thromboembolism may occur secondary to lim-
ited mobility in patients with sacral fractures. Complications
of surgical intervention may also include infection, iatro-
genic nerve injury from overcompression of the fracture or

improper hardware placement, and malreduction, which is
more common with vertically displaced fractures [50,56].
In a retrospective review of 19 consecutive patients with
sacral fracture-dislocations and cauda equina syndrome
treated with early surgical decompression and rigid seg-
mental stabilization, Bellabarba et al found the most com-
mon complications were wound healing issues (26%),
asymptomatic hardware failure (31%), and unplanned reop-
erations (42%) [5]. However, no patients had a loss of
reduction at an average 25-month follow-up.

After following 28 patients with displaced sacral frac-
tures and at least 8 years of follow-up, Adelved et al found
that while neurological, urinary, and bowel deficits are all
frequent after displaced sacral fractures, voiding issues and
sexual dysfunction worsened overtime whereas neurologi-
cal deficits and bowel function demonstrated no significant
changes [2]. The authors thus suggested the importance of
addressing this in the early rehabilitation period with a
multi-disciplinary, long-term approach.

Advancements in Diagnosis and
Treatment

Technological advancements in orthopedics such as artifi-
cial intelligence and CT guided navigation are changing the
diagnosis and treatment of sacral fractures. Cheng devised a
deep learning artificial intelligence algorithm that detects
these fractures on pelvic x-rays. Reviewing 5204 pelvic
x-rays, they found their algorithm demonstrates 94.4%
accuracy, 90.8% sensitivity, and 93.2% specificity in detect-
ing pelvic and hip fractures [14]. In addition, the algorithm
detected 9% of pelvic fractures that were misdiagnosed by
emergency medicine physicians and 5.5% of those misdiag-
nosed by consulting physicians, which included radiolo-
gists and orthopedic surgeons. Deep learning algorithms
have been shown promise in medicine and may be the next
frontier in trauma evaluation, particularly with aiding in the
diagnosis of sacral fractures.

Another advancement comes in the form of CT-navigated
instrumentation. The benefits of navigation and robotics
have been well described within the spine and neurosurgery
literature. These include decreased operative time, decreased
radiation exposure to the surgeon and surgical staff, and
increased accuracy [22]. The use of image-guided naviga-
tion systems may be particularly useful in patients with
sacral dysmorphism and in percutancous fixation, as
described by Khan et al [34].

Summary

e Sacral fractures are heterogeneous in mechanism,
presentation, and morphology. They range from
high-energy fractures to low-energy insufficiency
fractures.
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e Early identification and management of sacral frac-
tures can limit progressive deformity, pain, and loss
of neurologic function. A careful examination should
be made of the soft tissues, perineum, and nervous
system in all cases.

e Standard radiographs have low diagnostic sensitiv-
ity. Computer tomography should be obtained in all
cases of suspected pelvic injury. Magnetic resonance
imaging should be obtained in cases of suspected
neurologic compromise.

e Sacral anatomic variations are common. Transitional
anatomy of the lumbosacral junction describes the
morphological phenomenon of the last lumbar verte-
brae taking on sacral traits or the first sacral segment
taking on lumbar traits. The S1 corridor is limited to
SI fixation in cases of full lumbar sacralization easily
identified by radiographic findings.

e The rate of neurologic injury can be high with detri-
mental long-term implications. Direct or indirect
decompression may be used to treat progressive neu-
rologic deficits.

e Triangular osteosynthesis is the most biomechani-
cally stable construct and is indicated in most cases
of lumbopelvic dissociation.

e Overall union rates in sacral fractures are good, but
persistent pain and neurologic dysfunction can be
disabling long-term [27,38,39,56].

e Major advancements, including the use of machine
learning and intra-operative image-guidance, have
been made in the diagnosis and surgical treatment of
sacral fractures.
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