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Atypical Femur Fracture (AFF) Overview
• Low energy femoral shaft fractures with a characteristic appearance
• Caused by a combination of unfavorable femoral anatomy (varus, 

anterior bow) and impaired bone healing/remodeling
• Frequently (but not always) associated with bisphosphonate use
• Successful treatment requires a combination of medical and surgical 

management
• Relatively high rates of delayed/nonunion compared to standard 

femoral shaft fractures
• Disease process often manifests bilaterally… patients must be checked 

and monitored for developing AFF of the contralateral femur
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Presentation Overview
• AFF Definition/Characteristics
• Pathogenesis
• Association with Bisphosphonates
• Diagnosis
• Treatment
• Surgical Considerations
• Prognosis
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ASBMR Definition of AFFs (1)
• Femoral diaphyseal fracture w/ at least 4 of the following major

criteria:

1. Minimal or no trauma
2. Fracture originates at lateral cortex and is substantially 

transverse in orientation
3. Complete fractures may be associated with a medial spike, 

incomplete fractures are lateral cortex only
4. Fracture is noncomminuted or minimally comminuted
5. Localized periosteal or endosteal thickening is present at the 

lateral cortex
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ASBMR Definition of AFFs
• Minor criteria may or may not be present

1. Generalized increase in cortical thickness of femur
2. Prodromal symptoms (thigh or groin pain)
3. Bilateral incomplete or complete fractures
4. Delayed fracture healing
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Practical Definition 

• Low energy subtrochanteric or femoral shaft fracture 
frequently associated with bisphosphonate use with a 
characteristic set of features.

• Lateral origin of fracture line
• Localized cortical thickening or beaking at origin of fracture line
• Transverse or short oblique fracture (possibly with a medial spike)
• Minimal or no comminution
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AFF Radiological  Features
• Subtrochanteric or femoral shaft fracture

• Localized lateral cortical thickening/beaking

• Fracture line propagates from lateral cortex

• Substantially transverse or short oblique

• Minimal or no comminution

• Possibly associated with a medial spike
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Pathogenesis of AFFs

• Insufficiency fracture caused by a combination of…

1. Unfavorable mechanical environment

2. Impaired bone remodeling

**note-
insufficiency fracture = normal forces, abnormal bone
stress fracture = abnormal forces, normal bone
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Pathogenesis of AFFs

• Insufficiency fracture caused by a combination of…

1. Unfavorable mechanical environment
-lateral femoral cortex experiences significant tensile stresses during normal 
weightbearing

-in patients with relative femoral neck varus or anterolateral bowing these 
forces are increased

2. Impaired bone remodeling
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Pathogenesis of AFFs (Mechanical)
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Pathogenesis of AFFs (2-5)
• Evidence for mechanical contribution to AFF pathogenesis

• Saita et al- location of AFF highly correlated with femorotibial angle (more 
varus = more distal fracture)

• Sasaki et al- increased risk of AFF w/ increasing coronal plane femoral 
bowing

• Hagen et al- increased risk of AFFs w/ increasing femoral neck varus

• Oh et al- femoral neck varus associated with subtroch AFFs, femoral bowing 
associated with femoral shaft AFFs
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Pathogenesis of AFFs

• Insufficiency fracture caused by a combination of…

1. Unfavorable mechanical environment

2. Impaired bone remodeling
-under normal circumstances, stress formed microfractures are healed by 
callous formation followed by localized remodeling

-patients with impaired bone remodeling are at risk for propagation of 
unhealed/partially healed microfractures in high stress regions
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Pathogenesis of AFFs (Biological)

• Normal Microfracture Repair

Callous formation for 
initial stabilization

Remodeling for final 
healing

RANKL-mediated  
Osteoclast action
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Pathogenesis of AFFs

• Impaired Microfracture Repair

Callous formation for 
initial stabilization

Failure of remodeling, microfx
reforms/propagates

RANKL-mediated  
Osteoclast action
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Pathogenesis of AFFs (2-5)
• Evidence of biological contribution to AFFs

• many studies linking bisphosphonate use to AFFs (future slides)

• case reports of AFFs associated with denosumab use (RANKL inhibitor) [6,7]

• case reports of AFFs associated with various metabolic bone diseases 
(hypophosphatasia, x linked hypophosphatemic rickets) [8]
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Pathogenesis of AFFs (2-5)
• Other risk factors for AFFs

• Older age (9)

• Female (9)

• Asian or Hispanic race (9)
• possibly related to increased anterolateral femoral bowing in these patient populations

• Specific genetic mutations (GGPS1 mutations) (10)
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Bisphosphonates and AFFs
• Bisphosphonates (BPs) are potent osteoclast (bone resorption, 

remodeling) inhibitors

• Common examples- alendronate, pamidronate, etidronate, 
ibandronate, zoledronate, risedronate

• Indications
• First line treatment for osteoporosis

• Decrease rate of wrist, hip and vertebral fractures in high risk populations by 30-60% 
[11]

• Decrease bone pain/fracture risk in patients with lytic bone lesions 
(multiple myeloma, metastatic disease)
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Bisphosphonates and AFFs

• Bisphosphonate use is a major risk factor for AFFs

• AFFs first noted in medical literature in ~2007 in association with 
alendronate use (12)

• Subsequent studies have demonstrated a population-wide increase in 
femoral shaft/subtroch fxs coinciding with onset of BP use (13)
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Bisphosphonates and AFFs
• Relative risk of AFF with BP use: 2-128 (1)

• Absolute risk of AFF with BP use: 3.2-113/100K/year (1, 14)

• Risk increases with duration of use: 1.8/100K/year w/ 2 year use, 
113/100K/year w/ >8 year use (14)

• Risk rapidly drops off after discontinuation of BPs: 70% decrease in risk 1 
year after discontinuation (15)

• ***In spite of a significant increase in relative risk of AFFs with BP use, 
absolute risk of sustaining an AFF remains low
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Balancing the Risks/Benefits of BPs (16)
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• Ultimately BPs prevent 
far more fractures 
than they create

• Concern about AFFs 
should not prevent 
their routine use when 
indicated
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Balancing the Risks/Benefits of BPs
• Possibly a role for bisphosphonate holiday in patients at lower risk for 

fragility fractures

• FLEX study- continuing alendronate after 5 years of use decreases bone loss, 
vert compression fractures, NOT other fractures (17)

• HORIZON study- continuing zoledronic acid after 3 years of use decreases bone 
loss, vert compression fractures, NOT other fractures (18)

• Adler et al (16)- recommends discontinuation of BPs after 3-5 years if…
• No fragility fractures before or during BP use
• DEXA T score >-2.5
• Low fracture risk (FRAX) score
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Diagnosis

• History and Physical

• Low or no energy trauma

• Prodromal thigh/groin pain (33-50%, mean onset 6 mos prior to fx) [19-21]

• Specific risk factors
• Bisphosphonate use (especially long term use)
• Denosumab use
• Asian or Hispanic race
• Female
• Older age
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Diagnosis

• Diagnostic Imaging

• Standard AP and lateral radiographs of femur
• Generally sufficient to diagnose complete or incomplete AFFs
• Characteristic features defined by ASBMR guidelines (1)

• MRI
• Occasionally needed to diagnose developing lateral cortical stress 

reaction/fractures in high risk patients (eg BP use) with prodromal pain but 
negative radiographs (22)
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Diagnosis
• Best to diagnose AFFs before they happen!!

• Obtain femoral XRs to rule out impending AFF in…

• High risk patient (eg long term BP use) with thigh pain

• Contralateral femur of patient with a known AFFs

• Risk of contralateral AFF after initial AFF ~25% [20, 23]
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Diagnosis

• Best to diagnose AFFs before they happen!!

• XR of patient on BP therapy taken for thigh pain

• Note beaking of lateral cortex

• No action taken at time of imaging

• Sustained complete AFF ~ 1 year after XR taken
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Diagnosis

• Best to diagnose AFFs before they happen!!

• XR of left femur of same patient following right 
sided complete AFF

• Note beaking of lateral cortex

• Patient noted to have left thigh pain

• Treated with prophylactic nail
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Treatment

• Complete AFF (22)

• Intramedullary nail stabilization

• Endocrine consult
• Discontinuation of BPs (if currently using)
• Vit D/Calcium supplementation
• Consideration of alternative osteoporosis medications (eg teriparatide)
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Treatment

• Developing or Incomplete AFF

• Saleh et al (24)- w/ no radioluscent line in lateral cortex, 100% union with nonoperative 
management… w/ radioluscent line, 22% union w/ nonop management

• Banffy et al (25)- w/ radioluscent line, 83% nonunion w/ nonop management

• Egol et al (26)- incomplete AFFs, 100% union w/ prophylactic nailing, 18% union w/ 
nonoperative management

• Jiang et al (27)- prophylactic fixation of contralateral femur in patients with AFF cost 
effective if “high risk” (Asian race, prodromal pain, varus proximal femur, femoral 
bowing, beaking, radioluscent line)
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Treatment
• Developing or Incomplete AFF (22)

• Lower risk patients- initial course of nonoperative management reasonable
• Protected weight bearing
• Endocrine consult- discontinue BPs, consider alternative osteoporosis medication, vit D/calciyum

supplementation

• Higher risk patient
• Prophylactic IMN
• Endocrine consult

• Surgeon should have low threshold for prophylactic fixation given relatively 
high rates of nonunion and progression to complete AFF with nonoperative 
management
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Surgical Considerations

• Operative fixation of AFFs frequently complicated by…

• Anterolateral femoral bowing- risk of poor nail fit, mareduction, perforation

• Localized lateral cortical thickening at fracture site- may deflect nail medially, 
creating varus malreduction

• Poor bone quality- frequently sustained by patients with preexisting 
osteotoporosis and other comorbidities

• High rates of delayed union- construct needs to survive a potentially long healing 
course 
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Surgical Considerations

• Anterolateral femoral bowing- risk of poor nail fit, malreduction, 
perforation

• Choose nail with smallest possible radius of curvature (28)
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Surgical Considerations

• Anterolateral femoral bowing-

• Choose nail with smallest possible 
radius of curvature

• Externally rotating nail may improve 
nail fit (29)

• Converts normal anterior bow of nail 
into anterolateral bow, possibly 
improving nail fit
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Surgical Considerations

• Anterolateral femoral bowing-

• Choose nail with smallest possible radius of curvature

• Consider externally rotating nail if needed

• Medialize start point to avoid varus malreduction (30)
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Surgical Considerations

• Anterolateral femoral bowing-

• Choose nail with smallest possible radius of curvature

• Consider externally rotating nail if needed

• Medialize start point to avoid varus malreduction

• Place blocking screws as necessary to fine tune nail path
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Surgical Considerations

• Anterolateral femoral bowing-

• Choose nail with smallest possible radius of curvature

• Consider externally rotating nail if needed

• Medialize start point to avoid varus malreduction

• Place blocking screws as necessary to fine tune nail path

• Carefully advance nail to ensure it will not perforate anteriorly
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Surgical Considerations

• Anterolateral femoral bowing-

• Choose nail with smallest possible radius of curvature

• Consider externally rotating nail if needed

• Medialize start point to avoid varus malreduction

• Place blocking screws as necessary to fine tune nail path

• Carefully advance nail to ensure it will not perforate 
anteriorly

• Plate femur if nailing impossible due to anatomy (31)
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Surgical Considerations

• Localized cortical thickening at fracture site- may deflect nail medially, 
generating varus malreduction

Normal 
Cortices

AFF w/ Lateral 
Cortical Beaking

Lateral Cortical Thickening 
Generates Varus Malreduction



Core Curriculum V5

Surgical Considerations

• Localized cortical thickening at fracture site

• Use awl or rigid reamer to drill through lateral cortical thickening (32)
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Surgical Considerations
• Localized cortical thickening at fracture site

• Use awl or rigid reamer to drill through lateral cortical thickening

• Adduct proximal fragment with schanz pin or ball spike to allow reaming of lateral 
cortex (30)
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Surgical Considerations

• Localized cortical thickening at fracture site

• Use awl or rigid reamer to drill through lateral 
cortical thickening

• Adduct proximal fragment with schanz pin or ball 
spike to allow reaming of lateral cortex (30)

• Abduct guidewire with bone hook to allow reaming 
of lateral cortex (30)
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Surgical Considerations

• Localized cortical thickening at fracture site

• Use awl or rigid reamer to drill through lateral cortical thickening

• Adduct proximal fragment with schanz pin or ball spike to allow reaming of lateral 
cortex

• Abduct guidewire with bone hook to allow reaming of lateral cortex

• Open approach to burr down lateral cortical thickening directly (32)
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Surgical Considerations

• High rates of delayed union- construct needs to survive a potentially long 
healing course 

• Use multiple interlocks, blocking screws to increase longevity of construct



Core Curriculum V5

Surgical Considerations

• High rates of delayed union

• Use multiple interlocks, blocking screws to increase longevity of construct

• Recommend use of recon or cephalomedullary nails to improve proximal 
fixation/protect against potential femoral neck fracture
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Surgical Considerations

• High rates of delayed union

• Use multiple interlocks, blocking screws to increase longevity of construct

• Recommend use of recon or cephalomedullary nails to improve proximal 
fixation/protect against potential femoral neck fracture

• Further study needed to determine if bone grafting, LIPUS, BMP beneficial for AFF 
healing (33,34)
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Prognosis

• Important to counsel patients regarding high rates delayed union, 
nonunion, and reoperation

• Giusti et al- delayed/nonunion rate 39% (higher w/ continued BP use) (33)

• Cho et al- delayed/nonunion rate 41% (avg time to union 10.7 mos) (34)

• Lim et al- nonunion rate 30% (35)
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Atypical Femur Fracture (AFF) Summary
• Low energy femoral shaft fractures with a characteristic appearance
• Caused by a combination of unfavorable femoral anatomy (varus, 

anterior bow) and impaired bone healing/remodeling
• Frequently (but not always) associated with bisphosphonate use
• Successful treatment requires a combination of medical and surgical 

management
• Relatively high rates of delayed/nonunion compared to standard 

femoral shaft fractures
• Disease process often manifests bilaterally… patients must be checked 

and monitored for developing AFF of the contralateral femur
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