
Such lesions are common in the femoral neck in 
the elderly and in the distal tibia in young 
athletes, but they have been found in nearly 
every site of the skeleton  (Figure 2). 

However, given the pathology of these fractures, 
it is reasonable to assume that there would be a 
point in time in which edema would be identi�ed 
as the only �nding, preceding the cortical and 
periosteal thickening which represents the 
body’s attempt at repair. (Figure 3)  Performing 
MR on patients at risk for alendronate fractures 
who experience thigh pain, would likely identify 
the prodromal stress lesion.
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(Figure 1) Classic alendronate fracture.  The 
fracture occurs in the subtrochanteric or midshaft 
regions of the femur, and has a cortical beak and 
lateral cortical thickening.

FEMORAL FRACTURES

         he bisphosphonates are a class of synthetic 
phosphate analogs that are potent inhibitors 
of bone resorption by suppressing osteoclast 
function. It is this mechanism that accounts for 
their reported ability to decrease the incidence 
of vertebral and femoral neck fractures and to 
increase bone density in osteoporotic patients. 
Fosamax (alendronate) is the most widely 
prescribed of the group. Recently, multiple 
reports have suggested that patients on 
alendronate therapy for long periods of time 
are at increased risk for unusual low energy 
midshaft or subtrochanteric femoral fractures. 
(Figure 1)  Occasionally, these fractures are 
bilaterally synchronous or sequential.  Bilateral 
subtrochanteric synchronous fractures usually 
occur as a result of high-speed vehicular 
trauma and account for 2-7% of femoral 
fractures.  The fractures in the alendronate 
group have several common imaging charac-
teristics: a transverse orientation (<30 
degrees), unilateral cortical beaking, and 
lateral cortical thickening. The most recent 
review of this topic in the New England Journal 
of Medicine would indicate that the risk of 
fracture is low, but reports continue to note 
the association. These patients had been on 
alendronate therapy for an average of 8.5 
years. 

T The action of the bisphosphonates is to inhibit 
osteoclast function, and as a consequence 
bone turnover is suppressed. Research has 
suggested that chronically suppressed bone 
turnover may result in hypermineralized bone 
that is more brittle than normal; both the 
quantity and strength of the bone is a�ected. 

Most alendronate fractures heal in appropri-
ate intervals.  There are, however, reports of 
patients who have had delayed healing and 
non-unions. In one study, 11 of 12 patients 
had delayed healing (greater than six months).  
One patient had a delay up to three years.

Many patients who have had a unilateral 
“alendronate fracture” report prodromal pain 
in the opposite thigh. It would be ideal to treat 
such patients before the fracture actually 
occurred. While treatment with an intramedul-
lary rod might be warranted either pre or post 
fracture, the surgical procedure might well be 
easier before the fracture displaces and 
angulates.   MR has the unique ability to 
identify areas of accelerated bone resorption 
that characterizes early stress lesions.  Stress 
lesions are de�ned as poorly marginated 
zones of bone marrow edema representing 
osteoclasis, hyperemia, and foci of resorption 
that occur prior to actual skeletal failure.  

(Figure 3) MR �ndings of a patient on therapy with 
painful thighs bilaterally.  The right femur demon-
strates lateral cortical and periosteal thickening and 
medullary edema without fracture.

(Figure 2) Stress lesion preceding actual fracture 
in untreated patient. The arrow points to a poorly 
de�ned zone of edema in the tibia of a young 
athlete with no known risk for osteopenia.
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OSTEONECROSIS OF THE JAW

Osteonecrosis of the jaw (ONJ) is a known complication of 
bisphosphonate therapy.  It was �rst described in patients on 
high dose intravenous therapy, a regimen used to reduce 
bone pain and delay complications related to metastatic 
bone disease. More recently, however, oral bisphosphonates 
have come into common use for the treatment of osteoporo-
sis.  The risk of ONJ of the jaw is much higher in the intrave-
nous group, up to 10%, compared to 0.05% of those treated 
with oral medication.

The diagnosis of ONJ is de�ned by the American Society of 
Bone and Mineral Research as “an area of exposed bone in 
the maxillofacial region that has not healed within eight 
weeks”. Bone biopsy is avoided, as this usually only creates 
another focus of ONJ. The usual time to onset of ONJ after 
bisphosphonate exposure is 6-60 months.

The pathogenesis of ONJ is still controversial, but is di�erent 
from that of bisphosphonate induced low-energy fractures 
of the femur.  The two complications occur in di�erent 
patient groups.

Bisphosphonates preferentially concentrate in the jaw, an 
area of high bone turnover due to the daily stress of masti-
cation.  Two factors are thought to be present--an infectious 
component that triggers the ONJ nidus and oral “trauma” 
such as tooth extraction, implants, periodontal disease, and 
ill-�tting dentures. Actinomyces has been cultured in the 
majority of cases of ONJ. Bisphosphonates are also 
suspected to have a direct toxic e�ect on macrophages, oral 
mucosa and bone, all of which result in non-healing ulcers 
and necrosis. 

Radiological evaluation is used to assess the extent of 
disease and to monitor patients with known ONJ for 
progression of disease and complications. Panoramic x-rays 
show osteolysis, sclerosis, periosteal reaction and loss of the 
marrow space.  CT demonstrates the �ndings of ONJ in 
exquisite detail when compared to x-rays; CT �ndings 
include cortical destruction, periosteal reaction, ill-de�ned 
lucencies, sclerosis, loss of cortico-medullary di�erentiation 
and sequestra.  Early stages of disease are characterized by 
sclerosis and small cortical lucencies, while later stages 
have periosteal reaction and sequestra (Fig. 4 and 5). CT is 
the primary modality in identifying pathologic fractures, 
which occur in up to 50% of ONJ patients.  Panoramic x-rays 
are relatively insensitive compared to CT and will not 
identify lesions less than 1 cm or early pathologic fractures.

MR de�nes the degree of marrow involvement, which can 
be underestimated on CT, in addition to involvement of the 
surrounding soft tissues (Fig. 6). MR is able to depict 
enlargement and edema of the muscles and lymph nodes 
of the upper cervical chain. MRI is the only modality that 
can be used to identify an area of marrow “at risk” for ONJ-
stage 0 disease. Stage 0 disease is de�ned by bone marrow 
signal that is abnormal (edematous) without associated 
exposed bone.  Staging help clinicians direct dental care 
and avoidance of any “trauma” that might incite an 
additional focus of ONJ.
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(Figure 6) MRI showing typical marrow changes 
of ONJ.

(Figure 4/5) CT scans of early (4)  and late (5) features of 
ONJ. Images point to sclerosis, subtle cortical erosions, and 
periosteal reaction.
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