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Case Report

Pelvic insufficiency fractures in women following radiation 
treatment: a case series 
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Abstract: Insufficiency fractures are stress fractures that occur from normal weight-bearing on weakened 
bone. Radiation treatment to malignancies in the prostate, rectum, anus, or cervix may increase the risk of 
insufficiency fractures in the pelvic region by damaging osteoblasts that are essential to bone formation. 
In elderly women with cancer, this risk is greater due to their susceptibility to developing osteoporosis. 
These fractures may be confused with pathological fractures resulting from bone metastases on imaging and 
should be identified for proper management. We report two cases in which two women developed painful 
insufficiency fractures in the pelvic region after receiving radiation treatment to the rectum. After consulting 
an orthopedic surgeon, one patient underwent a cementoplasty, while the other patient was encouraged to 
take bone strengthening medications.
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Introduction

An insufficiency fracture is a particular type of stress fracture 
that occurs when a normal load is applied to bone that has 
been weakened through demineralization or decreased 
elastic resistance (1). Radiotherapy can result in damage to 
osteoblasts, osteocytes, and osteoclasts, which are the three 
key cells that compose bone (1). Osteoblasts produce bone 
matrix, the components of which are essential to giving 
bones their strength (1). Thus, osteopenia may result after 
radiation, making it difficult for bones to support normal 
loads (1). In addition, devascularization of the bone due to 
radiation contributes to increased fracture risk by depriving 
bone cells of essential nutrients in the blood and inducing 
further bone loss (2).

Patients who have received radiotherapy for treatment 
of anal, prostate, cervical, or rectal cancers may be at 
increased risk of developing insufficiency fractures in the 
pelvic region, as treatment fields tend to include nearby 
weight-bearing bones. However, the threshold dose that 

may cause fractures is unclear (3-5). One study by Baxter 
et al. observed that the risk of pelvic fractures in female 
anal cancer patients increased three-fold (HR =3.16) after 
undergoing radiotherapy in the pelvic region. In female 
cervical cancer and rectal cancer patients, the impact of 
irradiation was not as apparent (cervical cancer HR =1.66, 
rectal cancer HR =1.65) as treatment fields for these sites 
do not always involve irradiation of the femoral head (3). In 
males treated with external beam radiotherapy for prostate 
cancer, the risk of hip fracture has been shown to increase 
by 76% (6). We present two cases in which female patients 
received radiation treatment to the rectum and subsequently 
developed pelvic insufficiency fractures. 

Case presentation

Case 1

In early March of 2016, a 67-year-old female with a history 
of rectal adenocarcinoma was referred to a fracture clinic 
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at the Sunnybrook Health Sciences Centre. A computed 
tomography (CT) scan completed in December revealed a 
sacral insufficiency, most likely induced by radiation, at high 
risk of fracture. Then, a bone scan in early January revealed 
that this had progressed into bilateral sacral insufficiency 
fractures on a background of post-radiation changes. The 
patient was treated with 5,040 cGy in 28 fractions to the 
rectum in March of 2013, followed by surgical resection 
and adjuvant chemotherapy. The patient had an extensive 
history of lower back pain centered on the sacrum that 
progressed after radiation treatment to the rectum. Another 
CT scan was ordered to assess whether a surgical approach 
would be required to treat the insufficiency fractures. This 
scan revealed bilateral sclerosis in the sacrum and transverse 
elements of S1 and S2, in keeping with healing of the 

fractures (Figure 1). When the patient was reassessed in 
early April, she expressed that her pain and mobility had 
improved. As such, the orthopedic surgeon felt that there 
was no role for surgery or sacroplasty and encouraged the 
patient to continue on bone strengthening agents.

Case 2

A 70-year-old female with rectal cancer was referred to 
a palliative oncology clinic at the Sunnybrook Odette 
Cancer Centre in January 2016. The patient presented 
with right groin pain from bilateral fractures of both iliac 
crests proximal to the sacroiliac (SI) joint. The patient 
had received radical radiation treatment of 5,040 cGy in  
28 fractions to the rectum in June of 2011. As recommended 
by the radiologist, an MRI of the pelvis was performed 
to better characterize the fractures. The MRI revealed 
multiple insufficiency fractures in the bilateral iliac wings, 
left pubis, and left anterior superior iliac spine (Figure 2). 
After assessment by the orthopedic surgeon, the patient was 
referred for cementoplasty, which was completed in April 
2016 (Figures 3-6). The patient experienced significant pain 
relief after the procedure.

Discussion

Insufficiency fractures in the pelvic region may be difficult 
to diagnose due to their similarities to bone metastases 
in clinical presentation (7). Bone scintigraphy has 
been shown to have high sensitivity in the diagnosis of 
pelvic insufficiency fractures, with H-shaped uptake of 
radioactive agents being a good indicator of this although 
its incidence is only around 42% (8,9). CT scans are useful 

Figure 1 Insufficiency fracture along the left sacrum (case 1).

Figure 2 Bilateral insufficiency fractures prior to osteoplasty of the 
left iliac wing (case 2).

Figure 3 Needle placements with XperGuide (case 2).
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for depicting fracture lines, but may not be as sensitive in 
distinguishing pathological from insufficiency fractures 
when compared to other modes of imaging (9,10). On 
MRI, bone marrow changes indicated by T1 hypointense 
and T2 hyperintense areas near the SI joints after pelvic 
radiation may be caused by metastases or insufficiency 
fractures (7,10). Bilateral lesions most likely coincide with 
radiation-induced insufficiency fractures as it is uncommon 
that bone metastases develop symmetrically. However, for 
unilateral lesions, other clinical factors should be considered 
to differentiate between the two (7). For example, the 
absence of other metastatic disease and presence of other 
fractures have been used by other studies to exclude bone 

metastases (8). In one of the cases presented above, it was 
not immediately apparent whether a pelvic fracture was 
pathologic or due to insufficiency, therefore it had to be 
characterized further with an MRI scan. 

There are several predispositions for pelvic insufficiency 
fractures, the most notable being osteoporosis induced 
by post-menopausal changes in women (4,11). A study 
conducted by Blomlie et al. observed that of 121 patients 
with sacral insufficiency fractures reported in the literature, 
115 were postmenopausal women (11). In women, age also 
plays an important role in predicting the susceptibility of 
patients to insufficiency fractures, as shown in studies by 
Tokumaru et al. (5) and Oh et al. (4). Additionally, these 
studies reported that low body weight was significantly 
correlated to increased risk of insufficiency fractures 
(4,5). Other predisposing factors for osteoporosis include 
rheumatoid arthritis, corticosteroid-therapy, smoking 
history, and hyperthyroidism (12). Pelvic insufficiency 
fractures following radiotherapy are not rare occurrences. 
The study by Tokumaru et al. reported a 2-year incidence 
rate of 36.9% and Oh et al. saw a 5-year incidence rate of 
19.7% in cervical cancer patients (4,5). Therefore, it is 
imperative that patients are aware of these predispositions 
before radiotherapy and are provided with methods of 
minimizing risk of fracture.

In addition to these predisposing factors, the dose, 
fractionation, and radiation treatment field can influence 
the amount of toxicity experienced by patients. Spreading 
the total dose of radiation over greater numbers of fractions  
can reduce toxicity as this allows for smaller doses per 
fraction (4). One study reported that a total dose above 

Figure 4 Needle placements with XperGuide (case 2).

Figure 5 Post cement injection with cement traversing the fracture 
fragments (case 2). 

Figure 6 Post cement injection with cement traversing the fracture 
fragments (case 2). 
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4,000 cGy may be related to an increased incidence of 
insufficiency fractures (13). To reduce risk of fracture, the 
pelvis may be shielded from radiation treatment without 
compromising the target volume by using a multiple beam 
CT planning approach (14). Furthermore, several studies 
have shown that intensity-modulated radiotherapy (IMRT) 
can be used to decrease radiation toxicity and potentially 
reduce risk of insufficiency fractures (15). 

Pelvic fractures have significant implications on patient 
QOL by inducing pain and limiting ambulatory capacity, 
thus making it extremely difficult to live independently. 
In a study by Miller, less than 50% of patients with pelvic 
fractures were able to return to their ambulatory status 
before the fracture (16). Increased morbidity and mortality 
has also been associated with pelvic fractures particularly 
in elderly patients (17). One study suggested that the risk 
of death increases 2.4 times due to pelvic fractures and that 
this higher mortality rate extends over a period of at least  
3 years (17).

It is important that health care professionals and patients 
are aware of the increased risk of pelvic insufficiency 
fractures due to radiotherapy so that the corresponding 
symptoms can be closely monitored and appropriate 
imaging routinely performed. Preventative measures 
should also be taken including regular monitoring of 
osteoporosis or osteopenia in patients using bone mineral 
density (BMD) tests (1). Bone density may also be increased 
through preventative therapies such as bisphosphonates or 
calcitonin (4). In addition, supportive services and patient 
education in fall prevention may be beneficial (4). 

Cementoplasty is an effective method of palliation 
in cancer patients with pelvic insufficiency fractures. 
A cementoplasty involves injecting bone cement into 
a fracture using a thin needle in order to stabilize and 
strengthen the bone, whether the fracture was pathologic 
or due to insufficiency (18). However, cementoplasty runs 
the small risk of cement leaking from the fracture line. In 
order to reduce the risk of leakage, cement should ideally 
be injected at a slow rate with real-time, good quality 
imaging (19). If the cement does happen to leak, patients 
are typically asymptomatic and the leakage often does 
not hinder pain relief or quality of life (20). A majority 
of patients receive conservative, non-surgical treatment 
in which weight-bearing is avoided and medications for 
bone density are prescribed in hope that the fracture will 
spontaneously heal (4). 

Pelvic insufficiency fractures induced by radiation 
treatment may be mistaken for pathologic fractures 

in cancer patients. Thorough investigations should be 
conducted to properly identify insufficiency fractures such 
that appropriate treatment can be prescribed. In addition, 
measures should be taken to reduce the risk of insufficiency 
fractures in patients receiving radiation treatment near 
the pelvis. In particular for post-menopausal women, this 
includes investigations using BMD scans and prescribing 
bone strengthening medications.
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