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Abstract
Introduction Sacral insufficiency fractures are a well
recognised cause for low back, buttock and groin pain in
the elderly. However, over a 4 year period, four patients
have presented with symptoms of cauda equina syndrome,
who were found on investigation to have acute sacral
insufficiency fracture without any other aetiological spinal
abnormality.
Patients and method Four patients who presented to the
spinal surgeons of our institution with symptoms of cauda
equina syndrome were referred for spinal MR. Sagittal and
axial T1 and T2 weighted turbo spin echo sequences of the
lower thoracic and lumbar spine were performed on all
patients. Subsequent studies included MR of the sacrum
supplemented where appropriate by CT and technetium
MDP bone scintigraphy.
Results No evidence of a compressive lesion of the lower
thoracic or lumbar spine was present in any of the four
patients. Dedicated MR examination of the sacrum in these
patients revealed unilateral acute insufficiency fractures
involving zone 1 from S1 to S3 extending from the sacro-
iliac joint to the lateral margin of the sacral foramen. There
was no evidence of compression of the sacral nerve roots.
The possible mechanism for the symptomatic presentation
is discussed.
Conclusion Sacral insufficiency fractures should be exclud-
ed in elderly or osteoporotic patients presenting with cauda
equina syndrome who have no evidence of compression in
the thoraco-lumbar MR studies.
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Introduction

Sacral insufficiency fractures, first identified in the early
1980s [1, 2], are a well described cause of low back,
buttock and groin pain in elderly patients [3]. They are
difficult to diagnose as there is usually no significant
history of trauma, and radiographs of the sacrum do not
demonstrate them adequately [4]. Delayed neurologic
complications during the course of conservative treatment
in patients with insufficiency fractures of the sacrum have
been rarely reported [5]. Over a period of 2 years, four
patients, who were referred with a clinical diagnosis of
cauda equina syndrome, were found to have acute sacral
insufficiency fractures, without any other spinal abnormal-
ity identified on MR of the thoracolumbar spine to explain
the clinical presentation. We describe the imaging features,
possible pathomechanisms of neurological dysfunction and
management implications of these four patients.

Materials and methods

The four cases were prospectively identified over a 2 year
period. All were female patients with ages of 45, 58, 72 and
80 years. They had all been previously diagnosed as having
osteoporosis and presented with a short history of back and
buttock pain, with bowel and bladder symptoms and were
referred to this department with suspected cauda equina
syndrome. The 58 year old patient suffered from rheuma-
toid arthritis and was on steroid therapy. Magnetic
resonance (MR) of the lower thoracic and lumbar spine
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on a 1.5 T system with sagittal and axial T1 and T2
weighted turbo spin echo sequences was performed on all
patients. Supplementary imaging included radiography,
radionuclide bone scan, MR and computed tomography
(CT) of the sacrum. The site of the insufficiency fracture
was evaluated according to the zone of the sacrum [6].

Zone 1 is the ala lateral to the neural elements; zone 2
transects the sacral foramen; zone 3 involves the central
canal of the sacrum.

Results

No significant compressive lesion of the dural sac was
demonstrated on routine lumbar spine MR examination in
any of the four patients. However, dedicated MR examina-
tion of the sacrum in these patients revealed unilateral acute
sacral insufficiency fractures. The common feature of all
these fractures was involvement of zone 1 from S1 to S3,
extending from the sacroiliac joint to the lateral margin of
the sacral foramen. There was no significant cortical break,
translation or angulation, and no haematoma either sub-
periosteal in the canal or in the foramen. There was no
obvious compression on the emerging sacral nerve roots.
All four responded to conservative management and gained
full recovery.

Clinical findings are summarised in Table 1. Case 2
suffered form rheumatoid arthritis and had been treated
with steroids. Cases 3 and 4 had multiple vertebral
osteoporotic fractures with no spinal canal compression.

Detailed illustrative case report

The 72-year-old woman who was on steroid therapy (8 mg
a day for 8 years) for polymyalgia rheumatica, gave a 4 day
history of pain in the bottom of the back. Sitting and getting
up was extremely painful and she could only walk with
difficulty if she kept her back straight. There was no history
of trauma. Her past history included stent insertion for
thoracic aortic aneurysm, osteoporosis, hypothyroidism and
angina pectoris. The pain increased in severity, and

micturition and bowel evacuation became increasingly
difficult over the next 4 days. She had paraesthesia in the
feet and ankles with weakness in both legs. On examina-
tion, her vital signs and general examination were within
normal limits. Neurologically, bilateral ankle dorsiflexion
and plantar flexion were weak and sensation diminished to
pinprick below L3 and in the saddle area, more on the left
than the right. Vibration sense was lost to the level of the
ribs. A compressive spinal lesion was suspected and MR of
the spine was urgently performed. Although multilevel
degenerative changes in the intervertebral discs and facet
joints were present in the lumbar spine, there was no
significant compressive lesion of the cauda equina (Fig. 1).
In the most distal axial images through the L5/S1 disc,
marrow oedema was noted in the right side of the sacrum.
A separate MR examination of the sacrum was performed.
On MRI, oedema was confirmed in zone 1 of the right
sacral ala from the promontory to the S3 level with an ill
defined adjacent low T1/T2 fracture line entering the
sacroiliac joint (Fig. 2). Radiograph of the sacrum showed
ill defined sclerosis of the lateral aspect of the right sacral
ala with blurring of the arcuate lines, suggestive of an
insufficiency fracture. This was confirmed on CT scan
which demonstrated increased sclerosis within the right half
of the sacrum, as well as along the subchondral outline of
the right sacroiliac joint (Fig. 3). Vacuum phenomenon was
noted within the sacroiliac joint with minimal sclerosis on
the iliac aspect of the sacroiliac joint. The cortical outline
and foraminal contours of the sacrum were preserved. The
patient was treated conservatively by bed rest, with gradual
recovery of bladder and bowel control, and resolution of
lower limb neurological signs over a 4 week period.

Discussion

Polyradicular symptomatology of the cauda equina syn-
drome results from a dysfunction of sensory, motor and
autonomic components of the lumbosacral nerve roots,
presenting as low back pain, saddle anaesthesia, bilateral
sciatica, motor weakness of the lower extremities or chronic

Table 1 Clinical findings in the four presented cases

Clinical Case 1, age 72 yrs Case 2, age 58 yrs Case 3, age 80 yrs Case 4, age 45 yrs

Onset of pain Acute low back Acute back and legs Chronic generalised pain Acute low back
Urinary Difficulty with micturition

Perineal sensation reduced
Retention of urine Perineal
sensation reduced

Incontinent Perineal sensation
reduced

Nil Perineal sensation
reduced

Bowel Reduced sphincter tone Reduced sphincter tone Incontinent reduced sphincter
tone

Reduced sphincter
tone

Paraesthesia Both lower limbs Both lower limbs Both lower limbs Left lower limb
Motor
weakness

Both lower limbs Both lower limbs Both lower limbs Left lower limb
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paraplegia and bladder dysfunction [7]. A recent review of
the cauda equina syndrome [8] covered compressive and
non compressive causes in the lumbar spine, but did not
highlight sacral insufficiency fractures in the list of
aetiologies. However, cauda equina syndrome in high
energy sacral trauma is well documented [6, 9–11], but
there are no published reports of cauda equina as a
presenting feature of sacral insufficiency fractures. Delayed
neurological complications in patients with diagnosed
sacral insufficiency fractures have been rarely reported. In
their review of the literature, Finiels et al. [5] reviewed the
literature and identified 11 cases of neurological deficit in
493 patients of sacral insufficiency fractures and added
three of their own, giving a 2.8% incidence of neurological
compromise. They found no differences between patients
with and without neurological complications as regards age
(mean age 83 years; range 75–92 years), sex distribution
(female to male ratio of 11:1), presence of trivial trauma
(5 cases), or risk factors for bone insufficiency (osteoma-
lacia in two cases and pelvic irradiation in one case) [5].
The presenting feature in all of these cases was low back or
perineal pain and/or referred pain to the buttock or hips. In
contrast to our series, in none of these cases was cauda
equina syndrome identified as the presenting clinical

Fig. 2 Coronal STIR (a) and T1W (b) sequences demonstrate oedema
with a horizontally orientated insufficiency fracture in the right side of
the sacrum, extending to the sacro-iliac joint. Minimal subchondral
oedema is noted to the iliac aspect of the sacro-iliac joint

Fig. 1 Sagittal midline T2W sequence shows degenerative disc disease
without compromise (a) and sacral oedema (arrow) (b) a parasagittal
T2 image

Fig. 3 CT scan (a and b) reveals the zone 1 insufficiency fracture.
The sacral neural foramina are not involved with the fracture
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feature, and neurological symptoms were delayed after
initial presentation in five cases [5]. In decreasing order, the
most common neurological abnormalities included sphinc-
ter dysfunction (11 cases), distal paraesthesia (7 cases) and
leg weakness (5 cases) [5]. The main objective neurological
findings were decreased anal sphincter tone and hypaes-
thesias in the distribution of the sacral nerve roots [5].

The sacral spinal canal is capacious with ample space for
the cauda equina. The L4 and L5 lumbar anterior rami
combine anterior to the middle of sacral ala just superior to
the S1 foramen, before continuing laterally on the surface
of the ala close to the sacroiliac joint [12]. The anteriorly
exiting S1 roots occupies up to one-third of the foraminal
exit area, with progressive decrease to the S4 nerve root
which occupies one-sixth of the anterior foraminal area [7].
Each of the large four sacral ventral rami are closely
adherent to the anterior osseous surface of the sacrum and
cover almost all of it lateral to the foramen from the S2
foramen in a distal direction [12]. Despite this close
association, nerve root deficit is a rarely reported compli-
cation of sacral insufficiency fracture.

L5 and S1 nerve root injuries are readily clinically
identified, but injury to roots S2 through S5 are frequently
overlooked at neurological examination due to the lack of
obvious sensorimotor signs in the lower limbs [7]. The S2
root plays a major role in genital, bladder and anorectal
function as a main constituent of the pudendal nerve. This
nerve also receives a contribution from the ventral rami of
S3 and S4, and innervates the striated musculature that
forms the external urethral and external anal sphincters.
Sphincter disturbances can be caused by unilateral sacral
disease, as shown by clinical studies of spinal dysraphism
and in patients undergoing major resection of sacral
neoplasms [7]. It is therefore possible that the incidence
of sacral nerve root deficit in insufficiency sacral fractures
is higher, but not recorded clinically unless a detailed
neurological examination is carried out.

Co-ordinated emptying of the bladder and rectum
depends also on input from the autonomic nervous system
[7]. The pelvic splanchnic nerves, which arise as fine
branches in the ventral rami of S2 through S4 [7], are
distributed to the bladder and rectum and their afferent
fibres are mainly responsible for the normal awareness of
vesical and ampullary filling, whereas their efferent fibres
initiate detrusor and rectal contraction. Local sympathetic
input to the inferior hypogastric plexus derives from the
small sacral splanchnic nerves arising from the S2 and S3
sympathetic ganglia, which lie just medial to their respec-
tive ventral foramina [7]. The sympathetic afferents are
responsible for pain and thermal sensibilities, and the
sympathetic efferent limb causes contraction of the internal
urethral and anal sphincters, and inhibits contraction within
the muscular walls of the associated viscus [7]. Disruption

of this neural balance by the sacral fracture causing
sphincter disturbances was the most common problem
encountered in the delayed complications previously
reported in sacral insufficiency fractures [5].

Imaging of patients presenting acutely with the cauda
equina syndrome focuses on the thoracolumbar spine using
MR to exclude compressive aetiologies like herniated
lumbosacral discs, spinal stenosis and neoplastic lesions.
Only the central portion of the sacrum is seen on the sagittal
MR sequences that are programmed to examine the spinal
canal. The sacral ala are not examined and only the most
superior aspect is included in the axial L5/S1 disc images.
None of our four cases who clinically presented with acute
cauda equina syndrome demonstrated any significant
pathology on imaging of the lumbar spine and sacral
insufficiency fracture was revealed only on dedicated
imaging of the sacrum. Given the close relationship of the
sacrum with the sensorimotor and autonomic nervous
system, it is imperative to image the sacrum in cases of
acute cauda equina syndrome, if no cause is established
clinically, biochemically or on lumbar imaging.

The characteristics of sacral osteoporotic fractures do not
seem to reliably predict the risk of neurological complica-
tions and the pathophysiology of neurological complica-
tions in insufficiency fractures in the elderly remain unclear
[5]. Finiels et al. [5] suggest that stretching of nerves is
unlikely, because of the absence of significant trauma,
except in those cases with displacement, as in the case
report by Jones [13]. They speculate that compression of
the nerve root at the foramina due to a bone fragment or
haematoma could theoretically occur in zone 2 fractures,
suggesting it as a possible cause in Lock and Mitchell’s
case report [14]. Finiels et al. [5] also suggest the possibility
of the extra-spinal segment of the nerve root being
compressed anterior to the sacrum. Although they had no
case to substantiate this postulation at the time of their
publication, a case report of left L5 radiculopathy, second-

Table 2 Possible pathomechanisms of neurological dysfunction in
sacral insufficiency fractures

Possible pathomechanisms

1. Nerve root traction
2. Nerve root avulsion
3. Nerve root compression (intra-spinal/foraminal/extra-foraminal)
i. Bone fragment
ii. Haematoma
iii. Callus formation or periosteal reaction
iv. Fibrosis
4. Periradicular inflammation of lumbosacral plexus by
fracture-induced bleeding in the epidural space
5. Periradicular inflammation of sympathetic plexus by involvement
of sacroiliac joint innervation pathway

312 Skeletal Radiol (2007) 36:309–313



ary to a left sacral stress fracture, with periosteal reaction
involving the nerve root anterior to the sacral ala has been
subsequently published [15]. In their two cases of delayed
onset of neurological manifestation, Stabler et al. noted
raised erythrocyte sedimentation rate and cerebrospinal
fluid protein which suggested an inflammatory or post-
inflammatory process [16]. However, they ascribed the
cause to presumably mechanical effects on the nerve roots.
It is not clear from the report if these patients had received
previous radiation therapy.

The cauda equina syndrome presentation in our four
cases is also unique in that the fractures were unilateral in
zone 1, with no evidence of nerve root traction, avulsion or
compression. There was no involvement of the sacral
foramen or spinal canal, nor any haematoma or periosteal
reaction. However, the fracture did extend to the sacroiliac
joint. In their experimental study on rats, Murata et al. have
shown that the sacroiliac joint has a dual innervation at the
ventral aspect [17, 18]. Extension of the insufficiency
fracture to the sacroiliac joint could theoretically cause
neurological dysfunction through either periradicular oede-
ma, haemorrhage or inflammation of the autonomic
nervous pathway. The possible pathomechanisms are
summarised in Table 2.

The vast majority of sacral insufficiency fractures
probably have no untoward neurological complications.
When present, however, although initially alarming, the
clinical course of these patients is usually uneventful with a
good recovery and outcome. Given the small number of
reported cases, paucity of detail in the reports and
uncertainty regarding pathophysiology of the neurological
symptoms, it is difficult to make management recommen-
dations [19]. From our cases, we support Finiels et al.’s [5]
recommendation that if there is no evidence of significant
displacement or nerve root compression, bed rest alone
until the pain subsides may be the best option, as in
uncomplicated osteoporotic sacral fractures [5].

Conclusion

In evaluating an elderly patient or subjects known to be
osteoporotic presenting with acute cauda equina syndrome,
it may not be sufficient to merely image the thoracolumbar
spine. Dedicated imaging of the entire sacrum may be
required, especially when a compressive lesion in the spine

is not present, in order not to miss a sacral insufficiency
fracture as a cause for the symptoms.
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