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Management of sacral fractures

Jan Lindahl

Helsinki University Central Hospital, Helsinki, Finland

Pelvic ring disruptions are relatively rare injuries
and account for approximately 1% of fractures that
require hospitalization among people > 16 years in
Finland (1). High-energy unstable pelvic ring dis-
ruptions are frequently associated with multiple
concomitant injuries. Among patients with mul-
tiple-traumas, up to 25% have pelvic ring injuries
(2-4), which also are a significant source of mortality
and morbidity (5-8).

During the past few decades, the rate of osteo-
porotic pelvic fractures in the older population has
increased consistently (9,10). Low-energy fractures
in osteoporotic patients are defined as fragility frac-
tures of the pelvis (FFP). The term “fragility frac-
ture” is used instead of stress, fatigue or insufficiency
fracture to describe osteoporosis-associated fractures
due to a minor trauma or with no obvious trauma
history (11,12). Fragility fractures of the sacrum
(FFS) are often combined with a fracture of the an-
terior pelvic ring; hence they are classified as a part
of fragility fractures of the pelvis (FFP). Because of
low-energy trauma mechanism, multiple injuries are
rare in these patients. Survival rate of FFP can be
compared to survival rate of hip fractures. One year
mortality is 27% (13).

Fracture patterns in the sacrum range from crush
lesions in the lateral sacrum to spinopelvic dissocia-
tions. Various options for management for different
type of sacral fractures have been proposed.

Classification

Pelvic ring injuries

According to AO/OTA classification system the
pelvic ring fractures are graded into three types, A,
B, and C, in order of increasing severity (14). Type A
injuries are stable fractures, which fall into two cat-
egories. The first category includes fractures that do
not involve the ring, which include isolated trans-
verse fractures of the sacrum below the SI-joint level
(61-A3), avulsion fractures, and fractures of the iliac

wing. The second category includes direct-blow
fractures in the anterior arch; these involve pubic
rami and/or symphysis pubis.

Type B injuries are rotationally unstable but ver-
tically and posteriorly stable. They may be caused
by external rotatory forces (open book injuries) or
internal rotatory forces (lateral compression inju-
ries). In type B lateral compression injury (61-B2),
the hemipelvis is typically driven into an inward and
upward rotation, which causes shortening and verti-
cal displacement at the rami fracture site or disrup-
tion of the SP (overlap of the pubis). The posteri-
or sacroiliac complex, typically the anterior part of
the lateral sacrum is impacted, but there is no ver-
tical instability, because the posterior ligaments are
intact. A lateral compressive force may cause two
types of injury. In one type, anterior and posteri-
or lesions occur on the same side, and in the other
type, displacements occur on opposite (contralater-
al) sides. The ligaments of the pelvic floor remain
intact, which ensures vertical and posterior stability.

Type C injuries are completely unstable frac-
tures, which exhibit both rotational and translation-
al instability (61-C1). Posterior pelvic ring injuries
form the basis of the subgroups; a fracture through
the posterior ilium (C1.1), sacroiliac dislocation
and fracture dislocation (C1.2), and sacral fractures
(C1.3). The posterior injury may be bilateral. The
bilateral posterior lesion may be vertically stable on
one side and unstable on the other (61-C2), or un-

stable on both sides (61-C3).

Sacral fractures

Sacral fracture patterns are commonly categorized
using the Denis classification system (15). It divides
sacral fractures into three zones: alar (zone 1), fo-
raminal (zone 2) and central (zone 3). Denis, Davis
and Comfort (15) found that injury to nerves oc-
curred in 5.9% of fractures lateral to sacral foram-
ina. In transforaminal fractures 28.4% of patients
had a neurological deficit. Central fractures had the
highest prevalence (56.7%) of nerve injury.
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Spinopelvic dissociation

The spinopelvic dissociation is a rare, high-energy
injury pattern located in the sacrum. It is charac-
terized by bilateral vertical sacral fractures in con-
junction with a transverse sacral fracture. Denis’s
system does not recognize the combination of bilat-
eral vertical and transverse fracture lines that cause
spinopelvic dissociation. This injury causes the spine
and upper central segment of the sacrum to dissoci-
ate from the pelvic ring and caudal sacral segments.

Roy-Camille et al. (1985) described the
spinopelvic dissociation injury, but they classi-
fied only the transverse sacral fracture, not the bi-
lateral vertical fracture components (16). Roy-Ca-
mille et al. divided transverse sacral fractures into
three types. However, the Roy-Camille classifica-
tion of these fractures (1985) is not prognostic of
neurological impairment after operative treatment
(17). The outcome study of H-shaped sacral frac-
ture with spinopelvic dissociation by Lindahl at al.
(2014) showed that neurological recovery and clin-
ical outcome were associated with the degree of
initial translational displacement of the transverse
sacral fracture (17). Therefore it is useful to subcat-
egorize transverse sacral fractures, as partially dis-
placed or completely displaced, and add these sub-
categories to the original Roy-Camille type 2 and 3
sacral fractures. According to this modified classifi-
cation system of transverse sacral fractures: type 1 is
a flexion injury without translational displacement;
type 2a is a flexion injury with partial anterior trans-
lational displacement of the caudal sacral segment;
type 2b is a flexion injury with complete anteri-
or translational displacement of the caudal sacral
segment; type 3a is an extension injury with partial
posterior translational displacement of the caudal
sacral segment: and type 3b is an extension injury
with complete posterior translational displacement
of the caudal sacral segment (17).

In addition to H-shaped injuries, other possible
sacral fracture patterns that occur with spinopelvic
dissociations include the U-, Y-, and T-shaped sacral
fractures (18-22).

Fragility fractures of the pelvis (FFP)

The Rommens and Hofmann classification system
of fragility fractures of the pelvis (FFP) differenti-
ate isolated anterior or posterior pelvic injuries as
well as a combinations of these including the degree

of displacement and hence the degree of pelvic in-
stability (23). It divides FFP into four types: type I
are isolated injuries of the anterior pelvic ring; type
IT represent non-displaced fractures of the sacrum;
type 111 exhibit a higher degree of instability present-
ing a complete unilateral sacral or sacroiliac complex
disruption and a complete fracture of the anterior
pelvic ring with some degree of displacement; and
type IV are injuries with bilateral displaced posterior
lesions. A bilateral sacral fracture connected with a
transverse fracture line is classified as FFP type IVD,
functionally being a highly unstable spinopelvic dis-
sociation. A combination of bilateral posterior pelvic
disruption including a sacral fracture and an anteri-
or pelvic ring injury is classified as FFP type IVc.

Radiographic examination

The anteroposterior (AP) pelvic radiograph is the
principal diagnostic tool and gold standard for as-
sessing patients with suspected pelvic injuries. An AP
pelvic radiograph is mandatory for the initial assess-
ment in the emergency evaluation, and it provides in
most cases the diagnosis. CT is very sensitive for de-
tecting pelvic fractures and identifying associated in-
juries that often accompany the pelvic fracture. CT
scans are best for delineating the posterior anatomy,
and they are extremely useful for identifying inju-
ries of the sacroiliac complex, the sacrum, SI-joint,
or iliac wing (24). Morover, CT is very valuable for
assessing of pelvic stability. CT images clearly indi-
cate whether a posterior pelvic injury is impacted
and stable or disrupted and unstable (14).

Anteroposterior pelvis radiograph and CT show
the vertical sacral fracture lines. However, the diag-
nosis of traumatic spinopelvic dissociations is often
missed or delayed in AP pelvic radiograph because
of the difficulty in imaging the upper sacrum and
the frequency of concomitant severe injuries. Angu-
lation of the fractured sacral segment can produce a
paradoxical inlet view of the upper sacrum on the
standard anteroposterior pelvic radiograph (18).
Delayed diagnosis is avoided by high clinical suspi-
cion, early lateral sacral radiographs, and pelvic CT
sagittal reconstructions.

Diagnostics of fragility fractures of the pelvis
is more challenging, because conventional pelvis
radiographs have a lower sensitivity in detecting
low-energy sacral fractures than high-energy sacral
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fractures. When a fracture of the pubic rami is diag-
nosed, a CT-scan of the pelvis is performed to assess
the full extent of the injury. FFS often show a dis-
continuation of the anterior sacral cortex laterally to
the sacral foramina with only minor displacement.
Sometimes, a small crush zone medially to the SI-
joint can be detected (11). In elderly patients con-
ventional radiographs of the lumbar spine are also
carried out to exclude other pathologies in elderly
suffering from low back pain. Magnetic resonance
imaging (MRI) of the lumbar spine and sacrum can
be used to exclude occult osteoporotic fractures of
the sacrum or the lumbar spine (25).

Three-dimensional (3D) image reconstruc-
tions based on CT scans of the pelvis provide con-
siderable information on the location and stability
of pelvic fractures. 3D CT enhances the under-
standing of each fracture lines and the separate
fragments by simulating the gross anatomy of the
injured pelvis. In particular, rotational deformities
and displacements of the pelvis are best visualized
with 3D CT. Pelvic AP radiography and CT with
3D image reconstructions will confirm the type of
pelvic injury, the presence or absence of instability,
and the degree of each displacements. It is neces-
sary to acquire 3D CT images prior to a definitive
surgical treatment of an unstable pelvic fracture.
3D CT facilities are currently available in most
trauma centres; therefore, oblique pelvic inlet and
outlet views are no longer essential for diagnostics
or for preoperative planning.

Neurologic injury

AO/OTA type C1.3 fractures of the sacrum may
result in a neurologic injury in up to 40 % of cases
(26) and sacral fracture-dislocations with spinopel-
vic dissociation in up to 100 % of cases (17,27).
The nerve injury may involve more than one nerve
root, and be unilateral or bilateral depending on the
fracture pattern and location. The injury can range
from a neuropraxic injury due to nerve contusion or
shearing injury, to transection of nerve roots.

In H-shaped sacral fractures with spinopelvic
dissociation, the transverse fractures are angled, and
they undergo translational displacement, or even
complete fracture displacement. This condition
results in gross spinopelvic instability and neurolo-
gical deficits in the cauda equina. Another common

presentation is an injury to the L5 and S1 nerve
roots associated with vertical sacral fracture lines.
The L5 nerve root can be injured as a result of ver-
tical shear displacement of the sacrum and is often
accompanied by a fracture of the transverse process
of L5. A S1 nerve root injury is associated with tran-
sforaminal (zone II) sacral fractures (15).

Clinical examination of trauma patients sus-
taining sacral fractures requires both examination
of lower extremity sensory and motor function, and
examination to identify injuries to the lower sacral
plexus. A rectal examination is performed to eval-
uate sphincter contraction and to exclude possible
rectal injury as a sign of an open pelvic fracture.
Light touch and pinprick sensation should be as-
sessed for the perianal dermatomes of S2 to S5.

Conservative treatment

In type B lateral compression injuries, the anterior
part of the sacrum or the sacroiliac complex is typ-
ically impacted, but there is no vertical instability.
These compression type fractures of the lateral sacral
ala can be treated non-operatively. If the hemipelvis
is internally rotated and there is a clear displacement
on the rami fracture site, partial weight-bearing on
the affected side is recommended for 4 to 6 weeks.

Most fragility fractures (FFP type 1 and 2 in-
juries) of the pelvis can be treated non-operatively
(23). They are minor lesions with little instability.
Treatment consists of pain medication and mobili-
zation out of bed and weight-bearing in the limit of
pain of the injured side. As soon as the pain intensi-
ty diminishes, full weight-bearing will be achieved.
When intense pain persists or increases, addition-
al CT examinations are recommended in order to
exclude fractures or displacements that may not
have been visible or present at admission. Pain can
persist for as long as six to eight weeks after the
minor trauma.

Surgical treatment

Vertically unstable sacral fractures

An external fixator applied anteriorly cannot
restore enough stability to an unstable type C dis-
ruption of the pelvic ring to allow mobilization
of the patient without risking redisplacement of
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the fracture (14,26,28). Therefore open or closed
reduction and internal fixation has become the
method of choice for stabilization of type C pelvic
ring injuries with sacral fractures.

Biomechanical studies have shown that the
best stability in type C pelvic ring injuries can be
achieved by internal fixation of the posterior and
anterior pelvic ring injuries (14,29). Therefore fix-
ation of any associated anterior pelvic ring injury
is essential to improve the fixation stability of
the whole pelvic ring (30,31). However, non-dis-
placed and stable rami fractures might be treated
non-operatively.

Sacral fractures are the most difficult to reduce

and stabilise. Biomechanical studies have demon-
strated differences in stiffness of fixation con-
structs in sacral fractures (32,33). Following an-
atomic reduction, there are several different type
of fixation techniques for vertically unstable sacral
fractures including iliosacral screws, transiliac
bars, transiliac plates, local small plates, and spinal
instruments.
Tliosacral screw fixation. Iliosacral screw fixation
is the gold standard for fixation of vertically unsta-
ble sacral fractures. Severely displaced sacral frac-
tures are typically approached posteriorly, with the
patient in the prone position, through a vertical in-
cision medial to the posterior superior iliac spine
without releasing the gluteal muscles from the outer
side of the iliac crest. The sacral fracture is observed
and reduced with forceps. After achieving reduction,
the sacral fracture is fixed with two percutaneously
placed 7.0-7.3 mm fully threaded cannulated screws
(through a separate small lateral skin incision) from
the outer aspect of the ilium through the SI-joint
into the body of S1 under fluoroscopic guidance.
Minimally displaced sacral fractures are suitable
for closed reduction, either in the supine or prone
position, and percutaneous IS-screw fixation. The
screws should be placed at least past the midline of
the sacrum.

Three dimensional computer-assisted navigation
facilitates screw placement with less radiation and a
similar operation time, compared to the convention-
al fluoroscopy-guided procedure (34). A three-di-
mensional image intensifier can also be used intra-
operatively to control the quality of reduction and
to guide correct placement of the iliosacral-screws.

Ilio-iliacal techniques. There are four main options:
extraosseous transiliac bars (sacral bars), intraosseous
sacral bars, ilio-iliacal plates (35,36), and an ilio-
iliacal internal fixator (37). Ilio-iliacal plating
techniques have some disadvantages, including
limited reduction possibilities, bilateral bridging
of the Sl-joint in the unilateral injury pattern,
difficulty in precontouring the plate, and a higher
rate of symptomatic implants (35,38).

Direct plate fixation. A sacral fracture fixation with
small fragment implants (small sacral plates) has
been introduced as an alternative approach (39,40).
This direct plating technique might be useful in
sacral fractures lateral to the sacral foramina (Denis
zone I). However, in transforaminal sacral fractures
(zone II), short local plates cannot be used without
screw penetration into the sacral canal; therefore,
these fractures require longer transverse plates that
pass over the midline.

Combined techniques. In patients with a commi-
nuted sacral fracture a threaded compression transi-
liac rod might be used to anchor the injured hemi-
pelvis to the contralateral ilium to help supplement
iliosacral screw fixation (T6616 hospital experience).

Spinopelvic dissociation

Treatment for a H-shaped sacral fracture with
spinopelvic dissociation has evolved from a
non-operative approach to open reduction and
segmental lumbopelvic fixation (16,17,27,41).
The goals of treatment are realignment, restoration
of spinopelvic stability, and decompression of the
neural injury indirectly with fracture reduction
and/or directly with a sacral laminectomy. Fixa-
tion is achieved by connecting the lumbar spine
to the ilium with segmental spinal fixation system.
Allen and Ferguson (1984) were the first to report
on their experience with the Galveston technique,
where the distal fixation points are located on the
posterior part of the iliac wings, above the sciatic
notch, and between the laminas (42).

Tool6 Hospital lumbopelvic fixation technique
(17). A staged reconstruction is performed when a
combined H-shape sacral fracture and an additional
anterior pelvic ring injury is present. The injuries of
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the anterior part of the pelvic ring are most com-
monly operated on first (Figure 1). The method
for lumbopelvic fixation includes two pairs of
6-mm lumbar pedicle screws, bilateral 6-mm
longitudinal rods, one or two transverse connec-
tors, and two pairs of 8-mm iliac screws. Longi-
tudinal rods are connected to L4 and L5 pedicle
screws after having been contoured to lie close
to the posterior lamina of the sacrum and medial
to the PSISs. One or two transverse connecting
rods between longitudinal rods are used to secure
the fixation. The operative reduction and correc-
tion of displacements and rotational deformities
of both hemipelves and the caudal segment of the
sacrum are performed using two pairs of reduc-
tion clamps and caudal distraction of the distal
part of the sacrum. The longitudinal rods fixed to

pedicle screws act as a counter force for the final
vertical correction of the sacral fracture compo-
nents. Simultaneous reduction of the hemipelves
into a dorsal direction by traction is performed by
the second pair of reduction clamps. To achieve
this goal, simultaneous bilateral manual femoral
traction and hyperextension of both hip joints are
also used. When accurate reduction is obtained,
the lumbar spine and central upper sacral segment
is fixed to the pelvic ring by placing two pairs of
8-mm iliac screws into the iliac bones with the
Galveston technique (42) and connecting them to
the longitudinal rods with special clamps.
Indirect decompression of the lumbar (vertical
fracture lines) and sacral neural roots (the trans-
verse fracture line) is achieved through reduction
of all the sacral fracture components (Figure 1).

1a)

1c)

1b)

INABD Vary

1d) -

Figure 1...
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Figure 1. A staged reconstruction of a T-shaped sacral fracture-dislocation with spinopelvic instability, cauda
equina injury and bilateral L5-S1 nerve roots injuries, in a 32 years-old male who jumped from the fifth floor.

(a-c) Bilateral acetabular fractures, a T-type fracture on the right side, an anterior column fracture on the left side,
and disruption of the symphysis pubis associated with spinopelvic dissociation are shown in pelvis x-ray (a) and
3D-reconstructed images of the anterior (b) and the posterior pelvis (c). (d) CT image shows a comminuted type 3b
transverse sacral fracture with complete translational fracture displacement at the level of S2. (e-f) Pelvis x-ray ima-
ges (post op and 2,5 years after the operation) and (g-h) lateral x-ray and sagittal CT image show the result of the
three-stage pelvic reconstruction. The first stage consisted of anterior fixation of both acetabulum fractures and the
sympbhysis pubis; the second stage consisted of a segmental lumbopelvic fixation and an additional transverse plate
fixation of the sacrum, and the third stage consisted posterior fixation the the right acetabulum. Two and halfyears
from the trauma, the patient was able to walk without aids, had slight pelvic pain at rest (VAS 2-3/10), and reported
slight deficiencies in micturition and slight bowel dysfunction.

Direct decompression by sacral laminectomy in which a clear translational displacement
is recommended to perform for all completely remained in the transverse fracture line after the
displaced transverse sacral fracture with occlusion  final reduction as assessed by a true lateral sacral
of the central sacral canal and in the patients fluoroscopic view.
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FFP

Rommens and Hofmann (2013) recommend sur-
gical treatment in FFP (type 3 and 4), if patient
is not able to mobilize out of bed during the first
3-5 days despite pain therapy or if increasing dis-
location of fracture fragments during the early fol-
low-up period is noticed (23). Displaced (unsta-
ble) FES are treated with minimal-invasive fracture
fixation, either by transsacral screws (Figure 2) or
bilateral iliosacral screws (23,43). In FFP with a
concomitant displaced anterior pelvic ring injury,
anterior fixation is recommended (12). However,
if FFP is diagnosed with delay and a strong callus
formation in the anterior part of the pelvis is
visible, the rami fractures can be treated non-oper-
atively. H- or U-type fracture patterns functionally
represent a spinopelvic dissociation. These injuries
are unstable and should be fixed in a minimal in-
vasive way in cases with no or only slight displace-
ment. However, if gross displacement is present, a
lumbopelvic stabilization is recommended.

Outcomes

In a systematic review of treatment modalities and
outcomes of pelvic ring disruptions, Papakostidis et
al. (31) concluded, that fixation of all the injured
elements of the pelvic ring yield better anatomical
results compared to more non-operative therapeutic
strategies. From the functional point of view walking
capacity was proved to be significantly better in the
groups of operative treatment compared to non-op-
erative group.

Poor outcomes correlate with the injury pattern of
the posterior part of the pelvic ring. Sacral fractures
and sacroiliac dislocations result in higher rates of
back pain than posterior iliac fracture types (26). The
presence of lumbosacral plexus injury correlates to
unsatisfactory functional results. Functional results
are also affected by poor reduction results and loss of
alignment (26,30,31,44). Conversely, it is unusual to
obtain a satisfactory functional result in the presence
of a fair or poor fracture reduction (26,30).

Segmental lumbopelvic fixation is a reliable
treatment method for H-shaped sacral fracture with
spinopelvic dissociation and it provides sufficient
stability for fracture union with a low rate of com-
plications and long-term sequelae (17). In spinopel-

vic dissociations, quality of reduction in terms of re-
sidual postoperative vertical and AP displacements
in the vertical sacral fracture lines and translational
displacement and kyphosis in the transverse sacral
fracture, is associated with the clinical outcome. Ac-
curate reduction of all sacral fracture components is
associated with better clinical outcome (17).

Conclusions

High-energy pelvic ring disruptions are relatively
uncommon injuries. However, the incidence of FFS
seems to be underestimated and the diagnosis is fre-
quently made with delay. Prolonged low back pain
or pain in the sacrum area in the elderly, especial-
ly if a low-energy trauma has occurred, should raise
the suspicion of FFS. CT-scan of the pelvis should
be performed early in these cases to get the right
diagnosis. Sacral fracture patterns range from ver-
tically stable crush lesions of the lateral sacrum to
completely unstable bilateral fractures of the sacrum
with spinopelvic dissociation. Various options for
management for different type of sacral fractures
have been proposed. Iliosacral screw fixation is still
the gold standard for the fixation of vertically unsta-
ble sacral fractures including FFS. H-shaped sacral
fractures, and other possible sacral fracture patterns
that occur with spinopelvic dissociations and gross
spinopelvic instability, are treated with segmental
lumbopelvic stabilization.
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2a) 2b)

2¢) 24d)
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Figure 2. Treatment of a U-shaped fragility fracture of the sacrum in a 83 year-old female who had a low-energy falling
accident. Prolonged pain in the sacrum raised the suspicion of FFS. (a) Pelvis x-ray shows no fracture, but (b-c) CT images
two weeks later show a minimally displaced U-shaped sacral fracture. Because the patient was not able to mobilize

out of bed during the first two weeks, surgical treatment was performed. (d-e) Pelvis x-ray images and (f) lateral sacral
image show a transsacral screw fixation. Two years from the accident, the patient was asymptomatic and was able to
walk normally.
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