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Osteoporotic Fractures

• Occur spontaneously or as the 
result of mild or no trauma

– Fall from a standing height or less

• Such trauma would not 
ordinarily cause fractures in a 
healthy, 30-yr-old woman

• Hip, spine, proximal humerus, 
distal radius



Typical vs. Atypical 

Typical

• Pertrochanteric + Fem neck

Atypical

• Most commonly in the proximal 
one-third of the femoral shaft

• Anywhere along the femoral 
diaphysis from just distal to the 
lesser trochanter to proximal to 
the supracondylar flare of the 
distal femoral metaphysis

Shane et al. J Bone Miner Res 2010



Typical vs. Atypical 

Typical & Atypical

• Stress fx

• Periosteal stress 
reaction and thickening 
of the lateral cortex at 
the fracture site

Chermak et al. CORR 2010
Shane et al. J Bone Miner Res 2010
Mavrogenis et al. EJOST 2013



Atypical

Epidemiology

• Subtroch and diaphyseal femoral fx
account for only about 5% to 10% 
of all hip/femoral fractures
– Of these, atypical is 17% to 29%

– Range depends on fractures after high-
impact trauma or periprosthetic
fractures

Lenart et al. Osteoporos Int. 2009
Neviaser et al. JOT 2008

Schilcher et al. Acta Orthop 2009
Bunning et al. PMR 2010

Gagnon et al. J Clin Endocrinol Metab 2010
Shane et al. J Bone Miner Res 2013



Atypical

Epidemiology

• Common in patients exposed to 
long‐term BPs

– usually for >3 years (median, 7 
years)

• May occur in patients not exposed 
to BPs
– 5% to 45%

Lenart et al. Osteoporos Int. 2009
Neviaser et al. JOT 2008

Schilcher et al. Acta Orthop 2009
Bunning et al. PMR 2010

Gagnon et al. J Clin Endocrinol Metab 2010
Shane et al. J Bone Miner Res 2013



Atypical – ASBMR Criteria 2010

Shane et al. J Bone Miner Res 2010



Atypical – ASBMR Criteria 2014

Shane et al. J Bone Miner Res 2014



Atypical

Incomplete

• Looser line (pseudo-
fracture)

• Thickening of lateral 
cortex



Atypical

Complete

• Transverse

• Not comminuted

• Medial spike

• Thickening of the 
lateral cortex



Atypical

Complete & Incomplete

• Often prodromal symptoms (groin 
or thigh pain)

• May be bilateral

• May delay healing (incomplete)

• May be associated with a variety of 
comorbid conditions
– vitamin D deficiency, RA, DM, 

hypophosphatasia

• May be associated with the use of 
pharmaceutical agents
– BPs, GCs, PPIs

Chermak et al. CORR 2010

Shane et al. J Bone Miner Res 2010

Mavrogenis et al. EJOST 2013



Atypical – Pathogenesis

• Stress fractures
– Thickening of cortices

– May be a normal 
genetically determined 
variant of femoral shape

– Asian population



Atypical – Pathogenesis

• Stress fractures
– Thickening of cortices

– Periosteal new bone 
formation

Shane et al. JBMR 2020



Atypical – Pathogenesis

• BPs
– Alter collagen maturity and cross-linking
– Reduce bone turnover, increase overall 

mineralization, but leave mineral particle 
shape, thickness, and orientation 
unaffected

– Increase bone strength and decrease 
fracture risk by suppressing excessive 
bone remodeling
• Reduction of remodeling, however, is associated 

with increased microdamage accumulation 
because cracks are not removed efficiently

– Delay fracture healing
• Delaying the remodeling of the calcified callus to 

mature bone
• Antiangiogenic effect: inhibit periosteal 

vascularity

• A potentially significant effect of a median 
treatment period of 5-7 years Guisti et al. Bone 2010

Shane et al. J Bone Miner Res 2010



Atypical – Pathogenesis

Type of BPs

• Various
– Ibandronate, risedronate, or zoledronic acid

• Most cases have been reported after 
long-term administration of 
alendronate
– Etiology for this observation is unclear

Chermak et al. CORR 2010
Odvina et al. Clin Endocrinol 2010

Shane et al. J Bone Miner Res 2010
Ward et al. CORR 2012

Mavrogenis et al. EJOST 2013

Goh et al. JBJS Br 2007
Neviaser et al. JOT 2008

Kwek et al. Injury 2008
Abrahamsen et al. JBMRes 2009

Glennon Bone 2009
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Atypical – Pathogenesis

Comorbidities in patients on 
BPs 
• GCs: reduce osteoblast activity, 

increase osteoblast apoptosis, 
and are also associated with 
osteonecrosis of the femoral 
head

• DM: high glucose levels cause 
the accumulation of advanced 
glycation end products (AGEs)
– associated with an increased risk of 

fracture and brittleness of bone



Atypical – Pathogenesis

Comorbidities

• PPIs: High dose or long-term use carries a possible 
increased risk of bone fractures (not found with short-
term, low dose use)
– Omeprazole (Losec)



Atypical – Pathogenesis

Comorbidities

• FDA warned regarding this on PPI 
drug labels in 2010
– "FDA Drug Safety Communication: 

Possible increased risk of fractures of the 
hip, wrist, and spine with the use of 
proton pump inhibitors". U.S. Food and 
Drug Administration (FDA). 23 March 
2011. Retrieved 23 August 2015.

PPIs modestly increased
the risk of hip, spine,
and any-site fractures,
whereas H2RAs were
not associated with
fracture risk.
Further skeletal
evaluation should be
considered for patients
who are taking PPIs and
are also at risk for
osteoporotic fracture.



Atypical – Pathogenesis

Denosumab

• RANK ligand inhibitor human 
monoclonal antibody

• Similarly to BPs, denosumab 
appears to be implicated in 
increasing risk of jaw 
osteonecrosis and recently in 
low-energy femoral diaphysis 
fractures

Shane et al. J Bone Miner Res 2013
http://www.proliahcp.com/safety‐profile



Atypical – Treatment

• Imaging of both femurs

• Conservative treatment
– If minimal pain and incomplete 

fx

– NWB, analgesics

– Cessation of the BP

– Calcium and vitamin D 
supplementation

– TPTD for those who appear not 
to heal on conservative therapy

• Surgical treatment
Cosman et al. J Bone Miner Res 2010

Lo et al. Bone 2012

Shane et al. J Bone Miner Res 2013
Mavrogenis et al. EJOST 2013



Atypical – Treatment

• Incomplete fx + pain: prophylactic 
reconstruction IM nail fixation

• Incomplete fx + minimal pain: a trial of 
conservative therapy
– Limited weight‐bearing with crutches or a 

walker

– If no symptomatic and radiographic 
improvement after 2-3 months of 
conservative therapy: prophylactic IM nail 
fixation

• Incomplete fx + no pain

• Periosteal thickening but no cortical 
lucency

Limited weight-bearing and 
vigorous activity restriction 
until there is no bone edema
detected on MRI or no 
increased activity detected 
on bone scan



Atypical – Treatment

IM vs plate and screws

• No data exist comparing 
plate versus nail fixation 
for atypical femoral 
fractures

• IM nailing should be 
supported
– endochondral repair



Atypical – Treatment

Medical Treatment
• Discontinue BP

– No evidence when to 
restart

• Alternative drugs

– Raloxifene

– Other BP

– Teriparatide

• Preferred

• Especially for pts w/o 
evidence of healing by 
4-6 wks





• AFF appears to be a type of stress fracture due to repetitive
loading, with impaired capacity for repair of microdamage,
often due to antiresorptive therapy (i.e., bisphosphonates,
denosumab) for osteoporosis

• AFF has also been reported in patients treated with 
romosozumab, an osteoanabolic agent that has a dual 
effect on bone remodeling, increasing bone formation, and 
reducing bone resorption

• When iAFF or AFF is suspected or confirmed, the opposite 
femur should be imaged, since bilaterality is common

• For patients treated with bilateral IM nails,
bisphosphonate/denosumab could be considered after
completion of teriparatide/abaloparatide, although these
potent antiresorptive therapies may increase the risk of
atypical humeral, and other stress fractures

































• Factors affecting the recurrence of AFF

• Appropriate treatment for osteoporosis after 
bone union

– administration of TPTD for the maximum period 
after occurrence first AFF and the use of active 
vitamin D3 after the completion of teriparatide
treatment may be the most effective strategy to 
prevent the recurrence of AFF







Three major potential mechanical 
mechanisms of AFF 
• (1) macroscale femoral geometry which 

influences the stress/strain distribution in 
the femur under loading;

• (2) bone matrix composition, potentially 
altered by long-term remodeling 
suppression by BPs, which directly 
influences the material properties of 
bone and its mechanical behavior; and

• (3) microstructure, potentially altered by 
long-term remodeling suppression by 
BPs, which impacts fracture resistance 
through interaction with crack 
propagation. 



• Macroscale 
femoral 
geometry



• Microscale compositional and structural 
changes due to prolonged BP treatment
– Bone matrix composition, potentially altered by long-term 

remodeling suppression by BPs









• Denosumab (one dose)

• Femoral bowing and vit. D deficiency





• Ιmportance of follow-up 
even with early healing with 
anabolic therapy

• Challenge in managing older 
patients with incomplete 
AFF at risk for progression 
to complete AFF

• Ethnicity is a risk factor









Conclusion

• The true incidence of 
atypical femoral fractures is 
unknown

• Should be screened:
– general population of patients 

without osteoporosis who are 
unexposed to BPs

– patients with osteoporosis 
both exposed and unexposed 
to BPs and other agents used 
to treat osteoporosis

– specific populations 
distinguished by concomitant 
drug exposures and comorbid 
diseases



Conclusion

• The association between 
atypical femoral fractures 
and concomitant GC therapy 
is a concern

– BP administration and GC-
induced osteoporosis may 
increase the risk of atypical 
femoral fractures



Conclusion

• Surgical treatment strategy

– Thigh or groin pain in a patient on 
BPs

– Bilaterality

• Conservative Tx

– Incomplete fx, minimal pain

• Surgical Tx

– IM nailing preferred

– Minimally invasive

– Endochondral healing



Conclusion

• Medical treatment strategy

– No consensus

– Individualize

– TPTD, other BP, Denosumab, other
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