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Introduction
Sacral insufficiency fractures (SIF) is a common cause of 
debilitating back pain in the elderly. First described by Lourie 
in 1982 [1]. Stress fractures occur in the presence of repetitive 
forces over time, that result in a failure of the integrity of 
the skeletal structures to withstand the trauma [2-4]. Two 
types of stress fractures can be identified, insufficiency and 
fatigue fractures. Insufficiency fractures occur in the setting 
of physiological loads upon weakened bone (suboptimal bone 
mass, quality, or composition) [4]. Fatigue fractures are due 
to abnormal force and load applied to optimum bone quality 
and structure, in a repetitive manner that leads to an injury. 
Sacral insufficiency fractures are commonly misdiagnosed, for 
an adequate level of suspicion and careful diagnostic imaging 
workup is required to detect them. The sacrum, located in the 
caudal portion of the spine, is composed of a body and two sacral 
ala. The Sacral fractures can be described by their anatomic 
location in three zones (Figures 1 and 2). Zone 1 corresponds to 
the ala, and is the location of most insufficiency fractures. These 
fractures rarely involve the foramina, as in the setting of zone 
2 fractures. Zone 3 fractures are in the central sacral canal and 
are frequently accompanied by neurological deficit, and saddle 
anaesthesia [2-6]. 

Insufficiency fractures of the sacrum are rarely diagnosed. 
These fractures occur majorly in a vertical pattern, parallel to 
the sacroiliac joint and in line with axial load vectors. As the 
load continues, the sacral body may give way to a transverse 
fracture, leading to further instability [5,6].

Etiology
Lourie first described sacral insufficiency fractures in 1982 

[1]. Insufficiency fractures are a subtype of stress fracture that 
results from normal stress applied to abnormal bone that has 
lost its elastic resistance. Bone insufficiency is often the result 
of osteoporosis or other metabolic bone disease, though osseous 
metastatic disease and marrow replacement processes can also 
cause insufficiency fractures [4,6,7]. SIFs (sacral insufficiency 
fractures) most commonly involve the sacral ala, lateral to the 
neural foramina and medial to the sacroiliac joints. Fractures 
may be unilateral or bilateral and are reported with relatively 
equal frequency in the literature [2-4,6]. There may also be a 
horizontal component to the fracture through the sacral bodies. 
This unique fracture pattern may be related to axial loading and 
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Figure 1. Front view of Sacrum. Zone I: Lateral to the neuroforamina. 
Zone II: Involves the neuroforamina, but no involvement of the spinal 
canal Zone III: Extends into the spinal canal with fracture lines.
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weight-bearing transmitted through the spine, resulting in sacral 
alar strain; this horizontal fracture, seen on bone scintigraphy of 
magnetic resonance imaging (MRI), is called the H or “Honda 
sign) [8]. Additionally, osteoporosis causes asymmetric loss of 
bony trabecular in the sacral ala compared with the vertebral 
bodies, placing the lateral aspect of the sacrum at increased 
risk of insufficiency [7,9-11]. The force required to produce a 
sacral insufficiency fracture is unknown. Typical forces across 
the hip joint during walking are 3 times body weight, whereas a 
simple stumble may produce forces up to 8 times body weight. 
Waites et al. have hypothesized that the vertical load required 
to produce the pattern of fractures seen clinically in patients 
with sacral insufficiency fractures was consistent with normal 
physiologic forces12.The recovery may be prolonged, and some 
patients develop chronic pain and non-union requiring surgery. 
The 1-year mortality rate is reported as 14.3%. On discharge, 
50% had not recovered their pre- injury level of self-sufficiency 
and 25% required institutionalization. Sacral insufficiency 
fractures also have been observed after extended fusions of the 
lumbar spine [7,11,12].

Epidemiology
SIFs commonly affect elderly women with osteoporosis, though 
other reported risk factors include pelvic radiation, steroid-
induced osteopenia, rheumatoid arthritis, multiple myeloma, 
Paget disease, renal osteodystrophy, hyperparathyroidism, 
as well as long fusions of the spine. Of these, osteoporosis 
is the most prevalent, and almost all patients with SIFs will 
demonstrate severe osteopenia on dual X-ray absorptiometry, 
even if other risk factors are present [3,5,10,12].

Prior pelvic radiation is another well-established risk factor for 
the development of SIFs, with a reported prevalence of 21% to 
34%. The incidence may be as high as 89%, as suggested by 
a prospective study of patients undergoing pelvic radiation for 
cervical cancer [9,13].

Almost all patients with SIFs are older than 55 years of age, 
with a mean age between 70-75 years in most studies. The 
true incidence of SIFs is unknown but has been reported to be 
between 1% and 5% in at-risk patient populations. Antecedent 

trauma is not identified in two-thirds of patients and, when 
present, is usually minor [4,10,12,14]. This type of fracture is 
becoming more common with the increase in life expectancy. 
Close to 75% of patients who present to the hospital with 
sacral fractures are neurologically intact; thus, the diagnosis 
is often missed on the initial visit, and patients do not receive 
optimal treatment [15,16]. These patients may go on to develop 
neurological deficits due to inadequate treatment.

Patients with SIFs most commonly present with diffuse low back 
pain, which may radiate to the buttock, hip, or groin. Patients 
may have some tenderness to palpation in the lower back 
and sacral region, though this is not a consistent finding, they 
may also have coexisting fragility fractures such as vertebral 
compression fractures and pubic rami fractures. Neurologic 
symptoms related to SIFs are unusual, though may be seen in 
5% to 6% of patients, most commonly manifesting as sacral 
radiculopathy. However, a case of cauda equina syndrome 
related to SIFs has been reported [3-7,10,13,15,16].

SIFs can occasionally be confused with metastatic disease, 
both clinically and on imaging studies, resulting in unnecessary 
work-up and biopsy. This is frequently a confounding factor in 
elderly patient populations, many of whom have known primary 
malignancy or are being evaluated for an occult tumor. In fact, 
approximately 45% of patients with SIFs have a history of 
malignancy [15-17].

Imaging
Initial imaging is often not targeted to the sacrum, but commonly 
to the lumbar spine. The mean delay of symptom onset to sacral 
imaging has been reported from 40-55 days [16,17].

Plain X-Ray
Findings range from sclerosis to cortical disruption. Presence of 
sclerotic fracture lines can range from 1 to 13 months. In some 
cases, the periosteal reaction can lead to unnecessary work-up 
and biopsy, simulating malignancy. X-ray films are insensitive 
for the detection of SIFs. Studies suggest that only 20% to 38% 
of the SIFs and pelvic ring fractures are identified on plain films 
[14-18].

Nuclear Medicine
Bone scintigraphy with technetium TC99m- labeled MDP is 
one of the most sensitive examinations for the detection of SIFs. 
The “Honda” sign or H-pattern considered diagnostic of SIFs in 
the correct clinical setting [8,18-20]. However, it is only present 
in 20% to 40% of patients. Variations include unilateral sacral 
uptake, unilaterally with horizontal strut, bilaterally without 
horizontal strut, and multiple foci of activity. Follow-up MDP 
is variable, ranging from no activity to abnormal or augmented 
activity in a 10-33 months’ interval. Sensitivity has been 
reported in 96% with a positive predictive value of 92% [20].

CT
Fracture lines with or without callus can be seen in 75% of 
the patients. Most fractures are sagittal oriented and are clear, 
however, the full extent of the sacral fracture may not be evident 
if there is an isolated or significant horizontal component, for 
this reason coronal images are helpful [21]. CT has a reported 
sensitivity between 60% and 75%. Bone detail exposed on 

Figure 2. Back view of Sacrum. Zone I: Lateral to the neuroforamina 
Zone II: Involves the neuroforamina, but no involvement of the spinal 
canal Zone III: Extends into the spinal canal with fracture lines.
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CT can help determine the involvement of neural foramina, 
creating potential pathway for cement if a Sacroplasty is being 
considered. It can also be helpful to differentiate from metastatic 
disease [20,21].

MRI
MR can detect early chances of sacral insufficiency and, like 
bone scintigraphy, has a reported sensitivity at or near 100%. 
Marrow edema as early as 18 days after symptoms develop. 
Mostly surrounding fracture line, which be increased intensity 
on T2-weighted and inversion-recovery images and low signal 
intensity on T1-weighted images. Coronal oblique images are 
best to detect vertically oriented fractures. MRI can differentiate 
malignancy from fracture edema in SIFs with fat-saturation 
and post-gadolinium imaging. Usually there can be confusion 
generated by MRI alone, which is why there should be a CT to 
correlate the findings. Spin-Echo sequence MRI is very sensitive 
for pathologic fractures [6,10,16,18,22] (Figure 3).

Treatment
Conservative therapy

Conservative treatment is indicated mainly stable undisplaced 
fractures. Conservative treatment has been the standard of care 
in SIFs, though treatment options are variable. Some authors 
recommend strict bed rest and pain control. Others recommend 
moderation of activity, crutches, or a walker in addition to 
analgesics [12,23]. Some reports promote early physical 
rehabilitation. Even though most patients show improvement 
following conservative management, the time course can be 
prolonged and quite variable, as well as it can be non-favourable. 
Most patients report symptoms to resolve from 12 to 15 months 
[23].

Prolonged bed rest can be related to significant morbidity, 
especially in elderly patients. The primary concern is Venous 
Thrombo-Emolism (VTE), which has been reported between 
29% and 61% of patients and Pulmonary Embolism (PE) in 
2% to 12%. Other complications include loss of muscle mass, 
cardiac dysfunction, pneumonia, decubitus ulceration and bone 

demineralization. It has been reported that almost half of the 
patients with SIFs will not return to prior functional level, and a 
mortality of 14.3% [19,24].

There are 3 major components that should be addressed by 
orthopedic surgeons:

1.	 Providing an adequate calcium and vitamin D 
environment to facilitate well-mineralized bone and 
improve bone quality.

2.	 Preventing excessive bone resorption (Biphosphonates).

3.	 Providing an anabolic stimulus to enhance bone 
formation. (Teripartide) [25,26].

Sacroplasty

Sacroplasty has emerged as a minimally invasive alternative to 
conservative therapy for SIFs. Offering pain relief by limiting 
micromotion between fragments and thermochemical neurotoxic 
effect on nerve endings like vertebroplasty in the thoracolumbar 
spine, with the use of PMMA cement into the fractured sacrum 
under imaging guidance. The exact mechanism by which it 
relieves pain is not completely understood [27,28]. 

The goal of Sacroplasty is to provide early symptomatic 
relief, allowing more rapid mobilization, limiting the need for 
significant narcotic analgesics, and lessen the risks associated 
with prolonged bed rest. Sacroplasty can safely and effectively 
provide early symptomatic relief, though these findings have not 
been verified in controlled prospective randomized trials. It has 
not yet achieved widespread acceptance, unlike vertebroplasty,

probably due to the lack of validating controlled studies or 
because of unique technical considerations related to sacral 
anatomy [28-30].

The technical aspects of Sacroplasty vary significantly between 
operators, including the technique of imaging guidance, as well 
as the needle approach and the long-axis approach. A midline 
approach has also been used by some physicians to treat the 
horizontal or sacral body (zone 3) component of the fracture. 
Although the exact technique of these different approaches 

Figure 3. Diagnostic and treatment algorithm.
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is beyond the scope of this article, we have described the 
advantages and disadvantages of each technique in Table 1.

Safety and efficacy

Sacroplasty has provided early subjective symptomatic relief in 
patients treated for SIFs. The prospective study of 52 patients 
treated with Sacroplasty found a 50% reduction in the VAS at 2 
days, 80% at 2 weeks, and 90% at 1 year [31]. Additionally, the 
authors found that reduction in the VAS paralleled the reduction 
in the use of narcotic medication. In addition, patients reported 
improved ability to perform activities of daily living. Although 
these results are promising, they have not been prospectively 
compared with those of a control group of patients treated with 
conservative therapy [28,31,32].

Sacroplasty has also been used to treat painful metastatic 
lesions in the sacrum. Sacral cement injection for hepatocellular 
carcinoma, haemangioma, lung cancer, lymphoma, renal cell 
carcinoma and myeloma [27,32,33].

Complications of sacroplasty 

Unexpected extrusion of PMMA cement outside of the fractured 
sacrum, with untoward neurologic sequelae being the highest 
concern (7.4%) [33-35].

• Cement extrusion into the para-spinal soft tissues and 
sacroiliac joints.

• Extrusion of cement into the sacral spinal canal with 
associated neurologic compromise.

• Infection.

• Venous emboli.

In case of cement leakage, surgical decompression has 
been reported [32]. Although documented complications of 
sacroplasty are often cited as being clinically insignificant, cases 
of sacral and lumbar radiculopathy due to cement extravasation 
have been reported, one of which resolved with nerve root 
injection of a steroid and local anesthetic combination. Risk 
factors identified are: low viscosity of injected PMMA, 
overfilling, inadequate needle placement and lack of imaging 
guidance.

Lumbo-pelvic fixation

Lumbo-pelvic fixation has been reported. Lumbar pedicle 
screws and double iliac screws have been used with successful 
fixation. This technique is preferred when SIFs are adjacent 
to long lumbar instrumentations with an incidence of 3.1%. 
Recommendations include fusion with autologous bone 

grafting versus augmentation with bone cement along with 
decompression. Indications are reserved for fractures with 
severe displacement, sagittal imbalance, neurologic symptoms 
or painful non-union. Fixation with short long transiliac screws 
have also been described [36,37].

Other Treatment Options
Sacroplasty with balloon and sacral kyphoplasty have been 
reported. Sacral kyphoplasty is technically like sacroplasty, and 
several balloon systems are commercially available [38-41]. 
One suggested advantage of sacral kyphoplasty is the creation 
of a compacted bony layer outside the balloon, which could 
theoretically lower the likelihood of cement extravasation. 
Fluoroscopic and computer assisted percutaneous placement of 
transiliosacral screws has also been reported [42-45].

A comprehensive strategy for the improved treatment of 
osteoporotic fractures must address both biological and 
mechanical issues and includes 4 specific approaches [46,47].

1. Removal of inhibitors to bone healing.

2. Introduction of bone healing stimulants.

3. Application of bone augmentation or substitutes.

4. Modification of fracture fixation constructs.

Known inhibitors of bone healing (such as smoking, alcohol, 
anti-inflammatory medications, and steroids) [48] should be 
removed, together with optimal control of medical issues 
(including malnutrition, diabetes, infection, and thyroid disease). 
Stimulation of bone healing can be achieved through surgical 
(bone marrow aspirates, platelet gels, and bone morphogenetic 
proteins), medical (Vitamin-D, Calcium, Bisphosphonates, and 
PTH) [49], or physical means (Ultrasound, Direct electrical 
stimulation, Pulsed electromagnetic fields, and Extracorporeal 
shock) [50].

Conclusions
Pelvic insufficiency fractures are increasing in incidence and 
can cause considerable disability in the elderly patients. Many 
studies indicate prolonged periods of immobility, the potential 
for complications, and loss of independence. The accurate 
workup and diagnosis of sacral insufficiency fractures is 
important to prevent the need for costly, painful, and otherwise 
invasive methods of diagnosis. In patients with underlying 
bone disease, sacral insufficiency fractures must always be a 
diagnostic consideration, and the importance in differentiating 
these fractures with fatigue fractures, results in its optimum 
management. Clinical examination is important, and non-
specific findings can be evident, leading to further studies. Plain 
X-ray film and Computed Tomography Scanning are useful, but 
Magnetic Resonance Imaging is the method of choice in the 
suspicion and detection of these fractures.

Patients with insufficiency fractures must be treated medically, 
with calcium and vitamin D, bisphosphonates and calcitonin, 
as osteoporosis is the main risk factor for fracture incidence. 
Moderate weight bearing and exercise are an important part 
of physical rehabilitation. Operative intervention is rarely 
indicated. Patients with insufficiency fractures generally have 
a satisfactory functional outcome, given the treatment of the 
underlying diseases, and adequate symptom management.

Technique Advantages Disadvantages

Posterior
Familiarity Invasion of anterior sacral 

cortex
Well described fluoroscopic 
landmarks

Increased risk of cement 
extravasation

Long Axis

Removes risk of invasion of 
ventral cortex

Technique is more demanding
Cement can be extruded from the 
procedure needle more evenly

Midline Better in horizontal components 
of SIFs

Needs a preoperative MR to 
verify that the needle is below 
the caudal extent of the thecal 
sac

Table 1. Advantage vs. disadvantage for sacroplasty.
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