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Abstract Atypical femoral fractures have unique radio-

logic and clinical feature. Most commonly used fixation

method for atypical femoral fracture is interlocking intra-

medullary (IM) nailing. The aim of this paper is to docu-

ment a rare case of a 76-year-old female who sustained

bilateral proximal femoral insufficiency fractures after

conventional interlocking IM nailing for bilateral atypical

femoral shaft fractures without taking history of bisphos-

phonates. We recommend the routine use of full-length

reconstruction or cephalomedullary-type interlocking IM

nail for atypical femoral fractures.
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Introduction

Atypical femoral fractures are characterized by transverse

fracture line, medial spike, localized periosteal, or endo-

steal thickening at the fracture site, minimal, or no com-

minuted fracture on radiology and have the clinical features

of the prodromal symptom, minor trauma history [1–3]. In

the recent decade, atypical femoral fractures have been

reported in patients taking bisphosphonates (BPs) [3–6],

but they also occur in patients with no exposure to this

medication [7, 8], which may be associated with severely

suppressed bone turnover. Lower extremity geometry and

Asian ethnicity may contribute to the risk of atypical femur

fractures [8–10]. Standard treatment regimen is still not

established, but most commonly used fixation method is

interlocking intramedullary (IM) nailing [11–13].

Here, the authors present a rare case of a 76-year-old

female who sustained bilateral proximal femoral insuffi-

ciency fractures after conventional interlocking IM nailing

for bilateral atypical femoral shaft fractures without taking

history of BPs.

Case report

A 76-year-old woman presented to emergency room with

left thigh pain and deformity after slip down at toilet.

Physical examination revealed swelling and tenderness on

her mid thigh and her sensory, motor, and circulation of

lower extremity were normal. Simple radiographs showed

a transverse, noncomminuted complete fracture with

medial spike in the area of the thickened cortex of the

femoral diaphysis at 8 cm below the lesser trochanter

(Fig. 1). T-score of her lumbar vertebra on DEXA bone

mineral density examination was -3.6 but she denied any

medical history including treatment of osteoporosis.

The atypical femoral fracture was stabilized by ante-

grade interlocking IM nailing [cannulated femoral nail

(CFN), Ø 13 9 340 mm, AO Synthes�, Swiss] (Fig. 2).

We applied two transverse interlocking screws for each

proximal and distal locking area. The patient recovered

without any complication and fracture was united at post-

operative 3 months. No osteoporosis medication was

administrated.
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Three years later, the patient returned with complaints of

mild left proximal thigh pain and discomfort. Simple

radiographs showed complete fracture union but radiolu-

cent line with cortical hypertrophy at the anterior cortex of

femur near distal one of the proximal locking screws

(Fig. 3). Diagnosis of stress insufficiency fracture was

made, parathyroid hormone therapy was recommended but

she declined for personal reasons. Conservative treatment

including reducing activity and analgesics was done.

One month later, she presented to emergency room

again with right thigh pain and deformity after slip down

on floor. Simple radiographs showed a transverse, non-

comminuted complete fracture with medial spike in the

area of the thickened cortex of the femur midshaft (Fig. 4).

This atypical femoral fracture was stabilized by antegrade

interlocking IM nailing (CFN, Ø 13 9 340 mm, AO Syn-

thes�, Swiss) (Fig. 5). Intraoperatively, fracture com-

minution was happened during inserting the IM nail, we

applied two transverse interlocking screws for distal lock-

ing, one transverse and one oblique interlocking screw for

proximal locking. The fracture was united at postoperative

3 months. No osteoporosis medication was administrated.

Two years later, she returned with complaints of both

proximal thigh pain and discomfort. New radiograph

showed completely united both femoral shaft fracture, but

Fig. 1 Initial left femur radiographs of 76-year-old female showed a

transverse, noncomminuted complete fracture with medial spike in

the area of the thickened cortex of the femoral diaphysis at 8 cm

below the lesser trochanter

Fig. 2 The fracture was stabilized by antegrade interlocking IM

nailing with CFN

Fig. 3 Three years follow-up radiographs showed complete fracture

union, but radiolucent line with cortical hypertrophy at the anterior

cortex of femur near distal one of the proximal locking screws

(arrow)
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radiolucent line with cortical hypertrophy at the anterior

cortex near distal one of the proximal locking screws of the

both femur (Fig. 6). Diagnosis of bilateral proximal

femoral stress insufficiency fractures was made. The

symptoms were mild, and conservative treatment was

done. Three years later at final follow-up postoperative

8 years for left, 5 years for right, she complained inter-

mittent mild pain but she could doing usual daily activity.

Radiograph showed no interval change at left side, but

radiolucent line and cortical hypertrophy were more

defined at anterolateral cortex near distal one of proximal

locking screws at right side. The patient did not want to

further evaluations or treatments.

Discussion

Atypical femoral fractures considered as the insufficiency

stress fractures that progress over time [1]. The insuffi-

ciency stress fracture occurs when normal stress is placed

on a bone with deficient elastic resistance [14]. Several

case reports and case series have described unique radio-

logic features of atypical femoral fractures with prolonged

BP use including a transverse, noncomminuted fracture at

the subtrochanteric or femoral shaft area with a medial

cortical spike, the exact cause of these fractures is

unknown, and likely multifactorial. In many aspects, these

fractures have different characters from typical osteo-

porotic fractures of femur including the injury mechanism,

location, fracture configuration, and prodromal symptoms.

In 2010, the American Society of Bone and Meneral

Research (ASBMR) task force published the first report on

atypical femoral fractures defined major and minor features

for diagnosis [15]. But, original ASBMR criteria still had

some controversial, they revised the case definition in 2014

to highlight radiologic features that distinguish atypical

femoral fractures from ordinary osteoporotic diaphyseal

femoral fractures [1]. The major features of revised case

definition of atypical femoral fractures being association

with minimal or no trauma, substantially transverse ori-

entation at the lateral cortex, medial spike when the frac-

ture is complete, non or minimal comminution, localized

periosteal or endosteal thickening of the lateral cortex at

the fracture site, and minor features being association with

cortical thickening, prodromal pain, bilaterality, delayed

healing, and removed drug exposures as one of the asso-

ciation from the minor features [1]. Association with lower

extremity biomechanical change like a severe curved femur

[8, 9, 16], tibio-femoral misalignment [17], or varus hip

geometry [18] with atypical femoral fractures were repor-

ted. The lateral aspect of the femur was subjected to tensile

strains during a variety of physical activities and peak

tensile strains during most of walking stance phase [19].

Fig. 4 Simple radiographs of right femur after slip down showed a

transverse, noncomminuted complete fracture with medial spike in

the area of the thickened cortex of the femur midshaft

Fig. 5 The right femur atypical fracture was fixed with interlocking

IM nail. The fracture comminution was happened during inserting the

IM nail
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Among Asian population, stress fracture of the bowed

femoral shaft is considered another cause of atypical

femoral fracture in elderly person [8–10]. Oh et al. [9]

reported a significant tensile stress concentration on the

anterolateral surface of femur due to bowing deformity is

pathogenic mechanism of atypical femoral fracture through

mechanical analysis by CT-based finite element method.

Cho and Suh [16] report a rare case of atypical femoral

diaphyseal fracture occurring below a previously fixed

compression hip screw fixation in laterally bowered femur.

Saleh et al. [20] reported the association between typical

locations for atypical femoral fractures and tensile strain.

Unnanuntana et al. [21] reported long-term alendronate did

not appear to cause thickened femoral cortex compared to

untreated group and Giusti et al. [22] reported the cortical

thickness showed no significant difference between the

atypical fracture group and ordinary fracture group. These

findings might suggest the lower correlation of BP and

atypical femoral fracture. Furthermore, decreased cortical

elasticity or severity of osteoporosis itself may be a risk

factor for atypical femoral fracture [10]. In our case, the

patient had all major and minor features of ASBMR criteria

of atypical femoral fracture except a prodromal symptom.

But she had anterior bowing deformity of the both femur

and osteoporosis without history of BP intake.

The treatment and its effectiveness have not been

adequately reported. The recommendation of the ASBMR

task force for medical treatment of atypical femoral

fractures are discontinuation of BPs, adequate supply of

calcium and vitamin D, and consideration of teriparatide

for those who appear not to heal with conservative ther-

apy [1]. For complete atypical femoral fractures, surgical

fixation is needed [1, 23, 24]. The majority of incomplete

atypical femoral fractures progress to complete fracture,

prophylactic surgical treatment should be considered [12,

25, 26].

Even though a higher failure and a high complication

rate of IM nailing in BP-associated femur fractures were

reported [23, 24], interlocking IM nailing is more prefer-

able fixation method than fixation with plate and screws in

atypical femoral fracture [1, 11–13, 26]. A fracture treated

with IM nail heals by endochondral repair, whereas a plate-

and-screw construct generally precludes the endochondral

repair process [11]. Oh et al. [12] reported 100 percent

union rate after prophylactic nailing for incomplete atypi-

cal femoral fractures. Some studies on plate use for atyp-

ical femur fractures have reported high failure rate [15, 24,

26]. There is no common consensus that which type of IM

nail should be used for atypical femoral fractures. Most

authors used standard interlocking nail in mid and distal

shaft fractures [12] and cephalomedullary or reconstruc-

tion-type nail for proximal subtrochanteric fractures [12,

26]. Oh et al. [8] preferred to use a high-bowing IM nail,

such as the Sirus nail (Zimmer GmbH, Winterthur,

Fig. 6 Follow-up both femur radiographs showed completely united both femoral shaft fracture, but radiolucent line with cortical hypertrophy at

the anterior cortex near distal one of the proximal locking screws of the both femur (arrow). a Right. b Left
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Switzerland) for internal fixation for stress fractures asso-

ciated with a bowed femoral shaft.

The most frequently occurred complication of IM nail-

ing of atypical fractures was intraoperative femoral shaft

comminution during nail insertion [24] and nonunion [23,

26]. Fang et al. [27] reported a case of secondary dis-

placement of fracture despite prophylactic antegrade IM

nail fixation for atypical undisplaced femoral diaphyseal

fracture. Oh et al. [8] have experienced 2 cases of hip

fractures during follow-up of atypical femoral fracture after

interlocking IM nailing and their recent practice is to insert

proximal screws toward the femoral head. Bonifacio and

Syson [28] reported a case of construct failure in an

atypical subtrochanteric femoral fracture treated with IM

nailing. The device was an 11 mm diameter simplified

universal nail had a transverse break at the proximal static

interlocking screw hole.

In presenting case, bilateral proximal femoral stress

insufficiency fractures were occurred after conventional

interlocking IM nailing for atypical femoral shaft fractures

at anterior cortex near distal one of the proximal locking

screws of the both femur. Fang et al. [27] reported a unique

case of a displaced subtrochanteric stress fracture with

bending of the IM nail after standard interlocking IM

nailing for atypical distal femoral shaft fracture. The sub-

trochanteric stress fracture and IM nail breakage were

occurred at the distal one of the proximal locking screws as

same as in our presenting case. The proximal portion of the

femur is subjected to large bending forces, tensile stresses

are applied to the lateral cortex by the geographic features

of the femur [19]. We thought the location of maximal

tensile strain moved to more proximal area after fixation

with interlocking IM nail, repeated tensile stress accumu-

lation at this site might be cause of the insufficiency frac-

tures of the osteoporotic bone. These fractures were also

transverse nature but occurred at anterior cortex. Although

tensile strain may increase in the anterior of the femoral

shaft and make a transverse insufficiency fracture in lor-

dotic femur, the fractures in our case might be stress

shielding effect of IM nail and two transverse interlocking

screws. Sufficient length, diameter, and cephalomedullary-

type of IM nail is recommended to reduce the risk of

another stress fracture at the area of load concentration. If

distal femoral cortex is too thin, angular stable locking

system� (ASLS�, Synthes GmbH, Oberdorf, Switzerland)

is helpful to enhance the stability of distal locking screw

between IM nail and bone cortex [13].

The authors experienced a case of a 76-year-old female

who sustained bilateral proximal femoral insufficiency

fractures after conventional interlocking IM nailing for

bilateral atypical femoral shaft fractures without taking

history of BPs. We recommend the routine use of full-length

reconstruction or cephalomedullary-type interlocking IM

nail for atypical femoral fractures to prevent the proximal

femoral insufficiency fracture even when the fracture is

located at mid or distal shaft area.
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