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A 75-year-old woman presented with acute pain and defor-
mity of her right lower extremity after a fall from standing 
height. She had suffered from diffuse pain in the right thigh 
for 4 months, which had begun after some physical exercise 
with no trauma. Radiographs revealed an atypical fracture of 
the right femoral shaft, short oblique, with thickening of the 
entire lateral cortex (9.3 mm as compared to 7.2 mm at the 
same level on the contralateral nailed femur) and localized 
cortical reaction at the level of the fracture (Figure). 

The patient had been diagnosed in childhood with a familial 
form of osteogenesis imperfecta caused by a de novo muta-
tion. Her parents and siblings had no evidence of bone fragil-
ity, but 5 of her 6 children had had multiple fractures starting 
in childhood, associated with typical clinical signs of type-I 
collagen abnormalities (Rauch and Glorieux 2004). 

Since childhood, our patient had sustained at least 35 frac-
tures, all of which had healed within a normal period of time. 
The first to be documented was a femoral fracture at the age 
of 2, followed by many others involving tibia, radius, ulna, 
humerus, fingers and toes, bilaterally, until the age of 12. From 
12 to 27 years of age there were no fractures reported. At the 
age of 27 the patient had sustained a wrist fracture, and at 
the age of 35 she had presented with multiple vertebral com-
pression fractures after falling from a tree. More recent events 
included a high-energy left midshaft femoral fracture during 
sports at the age of 62, followed by a fracture of the great toe 
when she was 71. 

Because of multiple fractures and osteoporosis (the femo-
ral neck T-score dropped to –2.8 standard deviation when she 
was 72), she had been administered alendronate (70 mg/week) 
for the following 3 years, together with calcium and vitamin 
D supplements (Calcimagon-D3 2 tablets/day). Prior to that, 
she had been on estrogen replacement therapy (Estraderm day 
patch) for 13 years. Efficacy of treatment was determined by 
repeated densitometric evaluations and bone resorption level 
measurements; the deoxypyridinoline/creatinine ratio was 11 
when she was 68 years old, 17 at the age of 72, and 12 one 
year later (normal range: 8–20). 

The patient’s femoral fracture was stabilized with an intra-
medullary nail. Her postoperative course was uneventful and 
she was discharged 12 days after surgery. At 1-year follow-up, 

the fracture was well healed. Alendronate was discontinued a 
few weeks after the atypical fracture. 

Discussion

To the best of our knowledge, this is the first reported case 
of an atypical femoral fracture in a patient with osteogenesis 
imperfecta who has been treated with bisphosphonates. The 
clinical and radiographic presentation is compatible with 
all 5 major features described by the American Society for 
Bone and Mineral Research (ASBMR) task force, and 4 of 
the minor features also (Shane et al. 2010). In particular, the 
fracture was preceded by thigh pain. Despite the high number 
of recurrent fractures, the femur was involved only once 
prior to this most recent episode, but this involved the con-
tralateral femur and was a result of high-energy trauma. The 
patient started on alendronate therapy and a good response 
was observed with an increase in bone mineral density of the 
lumbar spine and femoral neck. In addition, the indices of 
bone resorption decreased over the same time period. While 

The atypical fracture of the right femur.
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no typical osteoporotic fractures had occurred since initiation 
of bisphosphonate, the patient developed an atypical femoral 
fracture after 3 years of treatment. It is therefore conceivable 
that the reduction in bone turnover together with the increase 
in bone stiffness may have avoided typical osteoporotic frac-
tures while favoring the accumulation of microdamage at the 
point of maximal stress (Pauwels 1948), thus contributing to 
the development of an insufficiency fracture (Mashiba et al. 
2001, 2005). 

Nevertheless, the most obvious factor that could have con-
tributed to the occurrence of this stress fracture is the osteo-
genesis imperfecta itself, and this has been reported (Shabat 
2000). On the other hand, although partially improved with 
bisphosphonate treatment, the osteoporosis could have been 
responsible—as it may contribute to fractures in adults with 
osteogenesis imperfecta (Bornemann et al. 1987). In addition, 
there may be some phenotypic and genotypic overlap between 
mild osteogenesis imperfecta and postmenopausal osteoporo-
sis (Spotila et al. 1991). 

Another possible explanation would be a negative interac-
tion between all three factors: a type-I collagen abnormality, 
osteoporosis, and bisphosphonate. The latter possibly alters 
collagen maturity and crosslinking in newly formed bone 
(Durchschlag et al. 2006). However, bisphosphonates have 
been used successfully in the treatment of osteogenesis imper-
fecta in children and in young adults (Phillipi et al. 2008), 
resulting in a 14–31% decrease in the rate of fracture, an 
increase in height, reduced bone pain, and better quality of life 
(Adami et al. 2003, Sakkers et al. 2004, Gatti et al. 2005, Leto-
cha et al. 2005, Seikaly et al. 2005, DiMeglio and Peacock 
2006). These observations have not been confirmed in older 
patients, probably due to the low prevalence of osteogenesis 
imperfecta in adults, which is reported to be 31 cases per 106 

individuals (Wekre et al. 2010). 
While atypical femoral fractures have mainly been reported 

in patients taking bisphosphonates (Schilcher et al. 2011, 
Meier et al. 2012), certainly not all the patients who are treated 
this way develop these stress fractures. One or more co-factors 
may be involved, leading to enhanced susceptibility to atypical 
femoral fractures. These might include co-medication, previ-
ous underlying disease affecting bone integrity, proton-pump 
inhibitors and corticosteroids (Ing-Lorenzini et al. 2009, Riz-
zoli et al. 2011), possible negative pharmacodynamic interac-
tions with other antiresorptive drugs such as estrogen, raloxi-
fene, calcitonin, or denosumab (Visekruna et al. 2008, Shane 
et al. 2010), or the presence of an underlying disease affecting 
bone integrity such as rheumatoid arthritis, diabetes, cancer, 
hypophosphatasia, or vitamin D deficiency. 

Recently, Schilcher et al. (2011) published detailed infor-
mation about co-medication in patients with an atypical frac-
ture (e.g. hormone replacement therapy, corticosteroids, pro-
ton-pump inhibitors), and they observed no difference from 
patients with ordinary subtrochanteric fractures. In addition, 
there were no co-morbidities associated with atypical frac-

tures. More specifically, some authors have searched for other 
potential risk factors in bisphosphonate-free patients with 
atypical femoral fractures, but so far without success (Tan et 
al. 2011). 

This case report is the first to document that atypical femo-
ral fractures can occur in patients with osteogenesis imper-
fecta, irrespective of whether or not this is related to treat-
ment with bisphosphonates. Further investigation of a possible 
synergistic relationship between atypical fractures associated 
with bisphosphonate use and osteogenesis imperfecta may 
provide new information about the pathological mechanisms 
implicated in atypical femoral fractures. 
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