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Abstract
Background Sacral insufficiency fractures (SIFs) are often
overlooked in elderly patients presenting with low back and
pelvic pain following no or minimal trauma.
Objective The aim of this review is to raise awareness and
outline the clinical presentation, methods of diagnosis and
treatment of SIFs.
Discussion Insufficiency fractures represent a special cate-
gory of stress fractures that occur in bones with reduced
mineral content and elastic resistance. SIFs, a well-defined
subgroup of the latter group, are not uncommon, but lack of
clinical suspicion results in many being undiagnosed. SIFs
are set to become an important clinical entity of both social
and economic significance as the Western population ages.
Subtle clinical presentations and signs coupled with
radiographic findings that can mimic other unrelated or
overlapping conditions, such as sacroiliac joint infection,
spinal stenosis and metastatic bone disease, often make SIF
diagnosis a challenge. The aim of this review is to increase
awareness among clinicians, highlighting SIFs as an
important differential diagnosis to be considered when
patients present with low back and pelvic pain and
subsequently allow prompt management. The paper pro-
vides an overview of epidemiology, anatomical con-
siderations, relevant pathophysiology and risk factors,
presenting symptoms and signs, investigations and imaging

techniques, differential diagnoses and current treatment
methods available for the management of SIFs.
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Stress fractures

Epidemiology and cost of care

Osteoporotic fractures of the pelvic ring are not uncommon;
however, they have been largely unrecognised, as until
recently there was only scarce information in the literature.
Data presented from the Finish computer-based population
register have shown that the incidence of osteoporotic
pelvic fractures requiring admission to hospital in Finnish
women 60 years of age and older rose significantly between
1970 and 1997—from 20 to 95 per 100,000 people,
respectively [1]. Furthermore, in a follow-up study by the
same group of investigators, the number of pelvic fractures
occurring following a minor trauma in the highest risk
group among women aged 80 years or older also increased—
from 35,421 in 1970 to 134,727 in 2002 [2]. A gross
calculation estimated that the numbers will tripple by the
year 2030 [2]. The latter conclusion, however, may be
attributed to the current raised awareness of osteoporotic
pelvic fractures and advanced radiological methods for their
investigation and also to the fact that the mean age of
patients increased from 74 years in 1970 to 80 years in
1997.

Sacral insufficiency fractures (SIFs) are a well-defined
subgroup of insufficiency fractures. Since their original
description by Lourie [3] in1982, several case reports and
short case series have been published [3–54] stressing the
subtle clinical and radiological features associated with
these fractures (Table 1). The incidence of SIFs remains
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unknown; however, it is apparent that SIFs are more
common than widely appreciated and remained largely
overlooked as a cause of pain and disability within elderly
and other at-risk populations. The potential prevalence of

SIFs within the general population was, however, high-
lighted by Weber et al. in 1993 [26] following a 2-year
prospective study. They found the frequency of SIFs in

Table 1 A selection of previously reported cases on sacral insufficiency fractures (SIFs): summary of patient numbers, risk factors, associated
trauma, treatment and outcomes

Author Date No. of
patients

Mean
Age

Gender History
of
trauma

Risk factors
identified

Treatment Outcome

Lourie [3] 1982 3 80 2 F 0 Osteoporosis (3),
scoliosis (1)

4–5 week’s restricted
weight bearing and
active physiotherapy

All asymptomatic
and active at 8 &
10 month’s
follow-up (2)

1 M

Newhouse
et al. [24]

1992 17 71 16 F 7 Osteoporosis (6),
rheumatoid arthritis (1),
radiation therapy (6),
breast cancer (1),
myeloma (2)

Conservative treatment:
modification of
activity, analgesia, use
of crutches/walking
frame for several
months

12 patients pain free
and independently
walking at average
11 months (range
4–24); 5 patients
limited by
comorbidities

1 M

Weber et
al. [26]

1993 20 79 F 11 Osteoporosis (16),
rheumatoid arthritis (1),
radiation therapy (3),
Wegner’s disease (1),
multiple myeloma (1),
hyperparathyroidism (1)

Bed rest, analgesia
and early physical
therapy when
tolerated

All pain free at
9 weeks

Leroux et
al. [30]

1993 10 69.5 F 2 Osteomalacia (2),
corticosteroid therapy (3),
osteoporosis (8)

Bed rest and analgesia Improvement in
symptoms within 3–5
weeks

Gotis-
Graham et
al. [32]

1994 20 74 19 F 9 Osteopenia (17),
rheumatoid arthritis (6),
corticosteroids (7),
radiation therapy (1),
osteomalacia (1),
osteoporosis (5)

Bed rest and analgesia,
followed by
rehabilitation; 14
required hospital
admission, mean stay
21 days (range 7–44)

17 experienced
complete resolution of
pain, 3 required mild
analgesia. No
significant loss in
independence in all
cases

1 M

Grasland
et al. [35]

1996 16 81 F 10 Osteoporosis (14),
corticosteroid therapy (2),
radiation therapy (2)
oophorectomy (1)
NOF (2)

Bed rest, analgesics
and rehabilitation when
tolerated. Hospital stay
2–60 days

At 40 months’
follow-up, all pain
free

Dasgupta
et al. [55]

1998 10 71 F 1 Rheumatoid arthritis (6),
THR (3) corticosteroid
therapy (6) osteoporosis
(2).

7 required hospital
admission, mean stay
20 days (range 14–41).
Rest and analgesia
prescribed

Initial improvement but
long-term prognosis
described as poor due
to fracture progression,
disability and
comorbid conditions

Aretxabala
et al. [45]

2000 14 71.5 13 F 3 Osteoporosis (6), breast
cancer (1), rheumatoid
arthritis (3), polymyalgia
rheumatica (1),
amyloidosis–renal
transplant (1)
corticosteroid therapy (7)

9 required hospital
admission. Bed rest
and analgesia only
(5), continued
calcium, Vit D (6) and
antireabsorptive agent
use (8)

Mean recovery time
3.3 months1 M

( ) Number of patients with a particular risk factor; patients within studies may have more than one risk factor
F female, M male, NOF neck of femur, THR total hip replacement
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women aged over 55 years who presented to hospital with
low back pain to be 1.8%.

Financial costs associated with SIFs remain unknown.
Data related to potential costs involved comes from a
5-year retrospective study in the UK by Dasgupta et al. [55]
who reported seven out of ten patients with SIFs required
on average 20 days inpatient care at a cost comparable to
that of a femoral-neck fracture. Total cost associated with
the patient’s hospital admission and subsequent care will,
however, depend on the country of residence, the mean
length of stay and the intensity of rehabilitation.

Sacral anatomy and fracture classification

The sacrum is a triangular bone formed by the fusion of
five separate vertebrae that articulate superiorly with the
fifth lumbar vertebra and inferiorly with the coccyx. The
sacrum is comprised of the body, the sacral ala with the two
lateral masses and the sacral foramina. The lateral ear-
shaped surface of the upper part of the lateral masses, called
the auricular surface, articulates with the ilium to form the
pelvic ring.

Currently, there is no classification system to describe
SIFs; however, Denis et al. [56] classified traumatic sacral
fractures according to their location into three discrete
zones (Fig. 1). The Denis classification system, although
not directly related to SIFs, remains a useful tool for their
description since it presents fracture location in relation to
potential complications. According to the Denis classifica-
tion, zone 1 fractures involve the sacral ala, which is lateral
to the sacral foramina and the central sacral canal. Fractures
here are rarely associated with neurological deficits, but
damage to the lumbosacral nerve roots may occasionally
occur [57]. Zone 2 fractures involve one or several sacral
foramina but do not enter the central sacral canal. These
fractures are associated with unilateral lumbosacral radic-
ulopathies. Zone 3 fractures occur through the body of the
sacrum and involve the vertical and transverse central
canal. Significant bilateral neurological deficit frequently
associated with saddle anaesthesia and loss of sphincter

tone is common in zone 3 fractures. Injuries in this region
have the highest incidence of cauda equina.

The vast majority of SIFs occur in zone 1 [57]. The
fractures run vertically, parallel to the sacroiliac (SI) joint,
approximately in line with the lateral margins of the lumbar
vertebrae and the vertical loading axis. Severe stresses
maybe associated with an additional transverse fracture
extending to the sacral body [57].

Pathophysiology and risk factors

SIFs are frequently bilateral and arise predominantly in the
sacral ala parallel to the SI joints. Most SIFs are related to
simultaneous further fractures of the pelvic ring. Biome-
chanical failure of the pelvic ring leads to increased
instability and induces stresses at the SI joints, subsequently
resulting in failure of the osteoporotic sacrum [6].

The majority of SIFs (over 90%) occur in elderly women
[24, 35, 45]. SIFs often arise insidiously, resulting from
axial stresses transmitted from the spine to a sacral ala with
deficient elastic resistance [30, 58]. It is common for a
patient to present without prior history of trauma, detracting
clinicians from the diagnosis of fracture. Finiels et al.
(1997) [59] conducted a meta-analysis of 493 SIFs from the
literature along with an analysis of 15 SIFs from their own
unit and stated that the majority of SIFs affected women
over 60 years of age and that a history of trauma was often
not identified in two thirds of the patients.

Several conditions may compromise bone density and
strength, predisposing patients to SIFs—postmenopausal
osteoporosis being the main cause among them. Cortico-
steroid-induced osteopenia and radiation therapy are also
implicated as common risk factors for SIFs (Table 1).
Secondary osteoporosis, however, is equally an important
predisposing risk factor and should alarm the clinicians.
Several pathological entities superimposing or being the
underlying cause of osteoporosis may be involved, includ-
ing hyperparathyroidism [60], osteomalacia, renal osteodys-
trophy [40, 61], lumbosacral fusion [51], Paget’s disease
[16, 33], reconstructive surgery of the lower limb [7, 35]
and transplantation of lung, heart-lung [39], kidney [45]
and liver [62, 63]. Moreover, rheumatoid arthritis increases
the risk of SIFs due to generalised osteopenia attributed to
the corticosteroid therapy and the reduced mobility second-
ary to the disease as well as joint deformities [31].
Although osteomalacia is rarely seen in the developed
world given that diet is usually fortified, the less-sever
vitamin D insufficiency is, however, quite common within
elderly population and predisposes to insufficiency frac-
tures. Poor dietary intake and reduced gut absorption
contributes to the development of vitamin D deficiency,
but a combination of reduced functional capacity of the

Fig. 1 Denis classification of
sacral fractures [56]
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skin to synthesise vitamin D and inadequate sunlight
exposure are the predominant reasons [64]. Vitamin D
insufficiency causes secondary hyperparathyroidism, high
bone turnover, bone loss and mineralisation defects, thereby
contributing to the pathogenesis of fractures [65].

SIFs have also been reported to result from transient
osteoporosis associated with pregnancy and lactation [38,
39, 66–68]. These fractures were, however, not accurately
classified as insufficiency fractures but rather as stress
fractures attributed to abnormal loading of transiently
abnormal bone. Four types of pregnancy-related primary
osteoporosis have been described: idiopathic osteoporosis
of pregnancy, transient osteoporosis of the hip, postpreg-
nancy vertebral osteoporosis and lactation-associated oste-
oporosis [69]. Hyperparathyroidism also associated with
pregnancy could be a cause of secondary osteoporosis [60].
It has been shown that bone mineral density (BMD)
reduces during pregnancy by a average of 3.5% [70]. This
fall in BMD, attributed primarily to prolactin-related
osteopenia [71], coupled with biomechanical alterations in
sacral axial loading due to hyperlordosis [72], relaxin-
related loosening of pelvic ligaments [73] and the gaining
of body weight as well as insufficient maternal calcium
intake [74], may contribute to the pathogenesis of SIFs in
pregnant women.

Clinicians should maintain a high index of suspicion for
patients presenting with sudden onset of low back and
pelvic pain without trauma who are at risk of osteopenia
attributed to all causes presented above.

Clinical presentation and physical examination

The clinical presentation is often variable, which often
detracts from the diagnosis. Prominent features include
sudden insidious, intractable, low back or pelvic pain
coupled with a significant reduction in mobility and
independence. Symptoms are exacerbated by weight-bear-
ing activity and generally improve with rest. Patients are
often most comfortable in a supine position. An initial
history should ascertain previous activity levels (intensity,
duration, recent changes) and any relevant risk factors for

insufficiency fractures (osteoporosis, previous osteoporotic
fractures, pelvic irradiation, prolonged corticosteroid treat-
ment, cancer and other comorbidities such as rheumatoid
arthritis). The predominant presenting symptom is pain,
which may be severe and radiate to the groin, low back,
buttocks, and thighs. SIFs are often associated with pubic
rami fractures and present with tenderness over the para-
symphysial area. The patient in such cases may recall a low
impact trauma that subsequently resulted in major mobility
restriction or even confinement to bed.

Physical examination may reveal sacral tenderness on
lateral compression. SI joint tests, although not specific for
SIFs, are often positive. Hip flexion-abduction-external
rotation (FABER) test, Gaenslen’s test and squish test are
all described in Table 2. Gait is usually slow and antalgic
[57]. Trendelenburg test and sciatic nerve tension tests
(Lasegue test and straight leg raise [75]) are usually normal
[18, 61]. Neurological examination is often unremarkable.
Nerve root compromise is uncommon but may present with
sphincter dysfunction and lower-limb paraesthesia [18, 76].
The clinician should be aware of SIFs and vertebral
osteoporotic fractures as a cause of neurological impair-
ment in elderly patients with other comorbidities.

Laboratory investigations

Bone alkaline phosphatase (ALP), a marker of bone
formation, can be a useful adjunct in directing the clinician
towards a diagnosis of SIFs, particularly when early
radiographs are inconclusive. Serum levels of ALP are
often slightly raised.

Osteoporosis in the elderly is usually primary; however,
reversible causes of secondary osteoporosis such as
hyperthyroidism, hyperparathyroidism, osteomalacia or
hypogonadism must be investigated, especially in men
and younger patients who are not expected to present with
primary osteoporosis. Levels of thyroid-stimulating hor-
mone (TSH), parathyroid hormone (PTH), calcium, phos-
phorus, albumin, 25-hydroxyvitamine D, urinary calcium,
creatinine, full blood count, liver function tests, C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR) and, if

Table 2 Clinical tests that may aid diagnosis of sacral insufficiency fractures (SIFs) [75]

Flexion-abduction-external
rotation (FABER) test

The patient places the foot on the top of the opposite knee. The examiner presses the test leg in abduction
towards the examining table.

Gaenslen’s test With the patient lying supine, the examiner fixes the spine against the examining couch (thereby eliminating
lumbar lordosis). The patient flexes the hip and the knee of the affected side and maintains this position
by holding their knee with both hands. The examiner hyperextends the patients opposite thigh over
the side of the couch. Pain on thigh hyperextension suggests pathology on the test side.

Squish test With the patient lying supine, the examiner places both hands on the patient’s anterior-superior iliac spines and
iliac crests and directs pressure towards the sacroiliac joints. Pain indicates sacroiliac joint pathology.
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indicated, serum and urine protein electrophoresis can
facilitate differential diagnosis of secondary osteoporosis.
Osteocalcin, a bone matrix protein, is a useful biochemical
indicator of high bone turnover. Markers of bone reabsorp-
tion, such as pyridinoline cross links, cross-linked
N-telopeptide and C-telopeptide of type I collagen, can be
detected in urine and may be of significant help for
establishing a diagnosis of osteoporosis.

Associated stress fractures

The most frequently associated stress fracture is that of the
ipsilateral, contralateral or both pubic rami. Aretxabala et
al. [45] reported that 78% of patients with SIF had
concomitant pubic rami and SIFs. De Smed and Neff [6]
also reported a high association of concomitant pubic rami
fractures. The authors concluded that SIFs may have
preceded pubic fractures by 3–4 months and that the latter
had a protracted course of healing compared with the
former. Similarly, other authors have reported high
frequencies of concomitant pubic fractures in variable
proportions [26, 35, 77, 78].

Pelvis biomechanics dictate that disruption of the bony
skeleton at one site may lead to increased stresses in other
parts of the pelvic ring, resulting in fracture. Although it
remains unclear which fracture (sacral or pubic rami)
occurs first, De Smed and Neff [6] suggested that the
initial disruption is likely to occur in the sacrum, and the
subsequent instability this creates results in mechanical
failure of the pubic rami. Therefore, detection of pubic rami
fractures should raise clinical suspicion of coexistent SIFs
in high-risk patients.

Radiographic investigation

Plain radiographs

Plain anterior posterior (AP) and lateral radiographs of the
pelvis, sacrum and lower lumbar spine are generally
requested as an initial screening tool. Inlet and outlet views
of the pelvis are helpful to further demonstrate an
underlying fracture and the overall integrity of the pelvic
ring. Radiographs are, however, usually inadequate to
demonstrate SIFs, especially in the acute setting and before
the development of healing calcification that usually allows
easier visualisation of fracture site. The curved anatomy of
the sacrum, demineralisation of surrounding bone, distrac-
tion from concurrent SI joint arthritis and overlying bowel
gas make SIF radiological diagnosis difficult [58]. Sclerotic
bands and cortical disruptions along with fresh fracture
lines may be seen in the sacral alae, indicating variable

degrees of fracture healing [79]. Concomitant ipsilateral
and contralateral pubic ramie fractures should raise the
index of suspicion that posterior pelvic structures are also
jeopardised [45]. Differential diagnostic dilemma arises
when other pelvic insufficiency fractures coexist, mimick-
ing malignant or metastatic disease due to their aggressive
osteoblastic or osteolytic appearance depending on the
stage of healing process [79].

Magnetic resonance imaging

Magnetic resonance imaging (MRI) is by far the most
sensitive screening investigation. It can pick up signal from
bone marrow oedema that results from fracture inflamma-
tory and reparation processes. T1-weighted images demon-
strate a low signal intensity while T2-weighted images
demonstrate high signal intensity. T2-weighted short tau
inversion recovery (STIR) images and T2-weighted images
with fat suppression are particularly sensitive to demon-
strate a fracture line. Further enhancement can be achieved
with intravenous gadolinium, but this is rarely necessary
[80]. Coronal imaging of the sacrum is additionally helpful
in revealing a horizontal component to the fracture. Blake
and Connors [81] suggested that planning lateral MRIs of
the sagittal sequences are sometimes useful in SIF
diagnosis if the patient has had routine lumbar spine MRI
for other suspected spinal pathology.

Bone scintigraphy

Bone scintigraphy with technetium-99 m medronate methy-
lene diphosphonate (MDP) remains a sensitive technique for
SIFs, particularly after a minimum time lapse of 48–72 h from
symptom onset. A classic “H” pattern [30] may be apparent,
and coupled with a corresponding clinical picture, this can
be considered diagnostic [24, 79]. Formation of the “H”
pattern, however, requires bilateral involvement and a
horizontal fracture component to the sacral body that is not
always present. In Finiels et al. [59] meta-analysis, complete
bilateral involvement of the “H” sign was documented in
only 43% of all cases where bone scintigraphy was
performed. Clinicians should, however, be aware that bone
scintigraphy can miss a bilateral sacral fracture since the SI
joint often has a higher MDP uptake normally. Both MRI
and bone scan, however, may provide inconclusive images
often misinterpreted as metastatic bone disease, especially in
the presence of a relevant past medical history.

Computed tomography

Computed tomography (CT) is a useful alternative to MRI
and bone scintigraphy, as it provides reliable and valid
results [80] highlighting sclerotic healing lines or fresh
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interdigitating fracture lines. These findings, however, can
be subtle, and unless displaced or long-standing, fractures
may be missed on the first reading. CT can be used as an
adjunct to MRI and bone scintigraphy in excluding
malignancy or osteomyelitis. Intact bony trabeculation and
architecture could effectively provide the diagnosis of
exclusion for malignant disease or osteomyelitis [79, 82].

Bone mineral density

Osteoporosis is the commonest denominator of SIFs and
can better be assessed by measuring BMD. The gold
standard for measuring BMD is the DEXA scan, which
involves scanning of the lumbar spine, hip and sometimes
the distal radius. T and Z scores are densitometric values
that represent the number of standard deviations (SDs)
above and below the mean for healthy controls at their peak
BMD and age-matched controls, respectively. The World
Health Organisation (WHO) has defined osteoporosis as a
T score of <2.5 SD, and a Z score <1.5 SD should raise the
suspicion of secondary osteoporosis [57].

Follow-up imaging

Imaging follow-up is better done by MRI or CT scan [24,
79, 80]. Bone scan is not particularly useful, as varying
degrees of healing may again be misinterpreted as metas-
tatic disease [81].

Differential diagnosis

Malignancy and osteomyelitis are the most common
pathologies involved in this region. Differential diagnosis
is sometimes challenging since the osteoporotic appearance
of the bone may mislead the clinician, appearing as
distractive space occupying metastatic disease. Further-
more, the osteoblastic activity of fracture healing may also
be misinterpreted as neoplastic or inflammatory processes.
Significant past medical history for malignant disease along
with bone, tumour and inflammatory markers may facilitate
differential diagnosis [81]. In the case of diagnostic
dilemma, CT can potentially demonstrate the intact or not
architecture of bone trabeculation and set the differential
diagnosis. Other conditions that produce pain in the SI joint
or referred pain to that region include spinal stenosis,
discogenic pain, osteoporotic vertebral fractures, facet-joint
arthritis, trochanteric bursitis, sacroiliitis, gluteal and
hamstring muscle strain, ischial tuberosity bursitis, intra-
pelvic, intraabdominal or retroperitoneal inflammation,
infection or space-occupying processes and degenerative
spondylolisthesis [57].

Treatment

The majority of SIFs are treated conservatively with bed
rest and analgesia, followed by gradual mobilisation with
walking aids as pain allows [57]. This results in the
recovery of the vast majority of patients. Following initial
management of SIFs, anabolic or antiresorptive medication
is often prescribed to reduce the risk of further insufficiency
fractures.

Medication

It should be assumed that patients with SIFs are osteopenic
and would therefore benefit from supplements or treatment
for secondary prevention of osteoporotic fragility fractures
or both.

Calcium and vitamin D supplementation

Vitamin D deficiency is not uncommon in the elderly living
alone and can be prevented by taking oral supplements.
Ergocalciferol (calcium and vitamin D) is usually pre-
scribed, and recommended daily doses include 1,200–
1,500 mg Calcium with 20 µg vitamin D daily [64].

Antiresorptive agents

Bisphosphonates are potent inhibitors of bone reabsorption
and widely prescribed in the management of osteoporosis.
They are effective in increasing BMD of spine and hip,
reducing the incidence of new fractures in patients with
established osteoporosis [83, 84]; however, concerns have
been raised about the potential oversuppression of bone
turnover with long-term use [85]. Physiologically, osteo-
blastic bone formation follows bone resorption. Therefore,
inhibition of bone resorption paradoxically may result in
inhibition of bone formation. This has been demonstrated in
animal studies where high doses of bisphosphonate resulted
in noncompensated physiological microdamage. Micro-
damage “accumulation” is believed to be a direct result
secondary to reduced osteoblastic activity [86]. In addition
to microdamage accumulation, chronic suppression of bone
turnover induced by bisphosponates may allow secondary
hypermineralisation to continue, producing more brittle
bone and thus predisposing to fractures [85]. The long-term
effects of bisphosphonate therapy remain unknown. Ran-
domised clinical trials support bisphosphonate therapy to be
beneficial to bones during the first 5 years [87]. Based on
the above-mentioned observations, clinicians may consider
discontinuation of chronic bisphosphonate therapy in
patients who develop insufficiency fractures. Calcitonin is
licensed for the prevention and treatment of postmenopausal
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osteoporosis. In addition to increasing bone mass by
reducing bone turnover, it is also an effective analgesic for
bone pain. It can be given subcutaneously (100 U daily) or
as a nasal spray (200 U daily).

Anabolic agents

Teriparatide (recombinant human PTH) and selective oestro-
gen receptor modulators (SERMS) [88] are approved for
treatment of postmenopausal osteoporosis. Teriparatide is
effective in increasing BMD [89], trabecular [90] and cortical
thickness [91] and preventing osteocyte apoptosis [92].

Chemical pain control

A variety of analgesics, acting centrally (paracetamol,
opioids) or peripherally [nonsteroidal anti-inflammatories
(NSAIDs)] are widely available in clinical practise. The use
of NSAIDs for pain in patients with fractures remains a source
of controversy. There is reasonable experimental evidence
indicating NSAIDs inhibit osteoblastic function [93] and
fracture healing in animals [94]. No level 1 studies have
been performed investigating potential negative effects of
NSAIDs on fracture healing in humans although retrospec-
tive studies have reported an increased rate of nonunion [95].

Rehabilitation

Nonchemical pain control

Other therapeutic modalities that can provide symptomatic
benefit during early rehabilitation include transcutaneous
electrical stimulation (TENS), ultrasound and gentle
physiotherapy.

Physiotherapy

A period of bed rest was traditionally recommended for the
treatment of SIFs. More recently, early rehabilitation and
moderate weight-bearing exercises, within the confines of
pain tolerance, has been suggested. Evidence supporting
earlier rehabilitation is provided from studies demonstrating
a stimulant effect of weight bearing and muscle tension on
osteoblast-mediated bone formation [96]. Periods of immo-
bility have additionally been shown to result in unrestrained
osteoclast-mediated bone reabsorption [96]. Other recog-
nised complications of prolonged periods of immobilisation
include deep vein thrombosis [97], pulmonary embolus
[98], loss of muscle strength, impaired cardiac function
[99], respiratory complications, urinary tract complications,
gastrointestinal tract complications and mental health
symptoms [100]. Assisted mobilisation can be achieved

with external devices, such as walking frames or hydro-
therapy, which is often better tolerated by many patients at
the earlier stages of fracture healing.

Interventional methods under study

The principle of vertebroplasty has more recently been
attempted for the management of SIF—so called sacro-
plasty [48]. Polymethylmethacrylate (PMMA) cement is
injected into the fracture site under fluoroscopy or CT
guidance with the aim of stabilising the fracture [48, 49, 53,
54]. Published cases to date report immediate pain relief
and improved quality of life following this procedure [48,
49, 53, 54]. However, sacroplasty remains a technique
under study, having so far only been applied in limited
specialised centres in few patients without controls.
Presently, therefore, strong evidence supporting its wide-
spread use over conservative management is lacking.

Key issues

Subtle clinical presentations and radiographic findings
mimicking unrelated or overlapping conditions often result
in SIF diagnosis being elusive:

– In the clinical setting, SIFs should be suspected in
patients presenting with low back and pelvic pain and
with no history of trauma. Postmenopausal osteopenia
is the most significant risk factor.

– Pregnant women are also at risk.
– Plain radiographs are often negative, especially in the

acute setting. Pubic rami fractures should highlight the
possibility of coexistent SIFs. Investigation with MRI,
CT scanning or bone scintigraphy may be useful.

– Reversible causes of secondary osteoporosis should be
considered, particularly in men and younger patients.

– Bisphosphonates are widely prescribed and have an
important role in both primary and secondary preven-
tion of osteoporotic fracture, but clinicians should be
aware of a potential excessive suppression of bone
turnover following long-term therapy and consider
their withdrawal if insufficiency fractures develop.
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