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Abstract

Introduction: Atypicalfemoralfractures (AFFs), whose characteristic
radiograph patterns include beaking and the dreaded black line, are
uncommon in elderly patients with osteoporosis. Bisphosphonates
(BPs) are commonly prescribed for prevention of osteoporosis-related
fractures. However, the long-term use of BPs has been linked to the
occurrence of AFFs. Here, we report arare case of multiple incomplete
atypical stress fractures of the lateral femoral cortex with endosteal
marrow edema in a patient with no history of antiresorptive freatment.

Case presentation: A 74-year-old Japanese woman sought care
for severe pain in herright thigh and difficulty with ambulation. A review
of the patient’s past radiograph series revealed multiple incomplete
stress fractures of the lateral mid-shaft femur that had existed for at
least 3 years. After progression to complete fracture induced by low-
energy trauma, we performed flexible inframedullary Ender nailing and
prescribed the patient teriparatide. A positron emission fomography
(PET)/computerized tomography (CT) scan with '®F-NaF revealed faint
radio tracer uptake around five incomplete fracture lines in addition
to marked uptake at the complete fracture site. Four months after
the Ender nailing fixation operation, radiographs showed a displaced
femoral stress fracture associated with breakage of three Ender nails
due to hypertrophic nonunion. The patient was treated with a sliding
full cortical thickness inlay bone graft combined with cancellous bone
grafting and a locking plate.

Conclusion: It is important to evaluate the risk of progression from
atypicalstress fracture to complete fracture and to consider alternative
freatment options, including surgery, in addition to conservative
management with teriparatide. If standard conservative treatment
following a correct diagnosis fails to produce a good outcome, a
sliding full cortical thickness inlay bone graft technique with locking
plate is an effective method for the difficult-to-manage AFFs.

Abbreviations

AFF: Atypical Femoral Fracture; BP: Bisphosphonate; CT:
Computerized Tomography; GC: Glucocorticoid; PET: Positron
Emission Tomography; PPI: Proton Pump Inhibitor; TKA: Total
Knee Arthroplasty

Background

Since the first case report describing spontaneous stress
fractures of the femur was published in 2005, concerns regarding the
potential risk of this unusual type of fracture in patients receiving
bisphosphonate (BP) therapy have developed [1]. Reports of similar
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fractures, which have come to be identified as ‘atypical’ in that they
involve the strongest part of the femur, namely the subtrochanteric
and diaphyseal region, have followed [2]. These atypical femoral
fractures (AFFs) are distinct from typical osteoporotic femur
fractures in that they involve a simple transverse or oblique (<30 °)
break with endosteal thickening of the lateral cortex (referred to as
beaking from here onward) and the presence of generally bilateral
cortical thickening of the proximal femoral shaft [2].

BPs is a commonly prescribed class of drugs for the prevention of
osteoporosis-related fractures [3]. Numerous large clinical trials have
demonstrated their efficacy in reducing bone turnover, increasing
bone mineral density, and reducing vertebral and non-vertebral
fracture risk in patients with osteoporosis [4,5]. They are generally
well tolerated and considered to have an excellent safety profile even
at high doses [6]. Paradoxically, AFFs have been associated recently
with long-term BP therapy, though a clear causal link has not been
established [7]. Nevertheless, the potential link has brought scrutiny
to the widespread prophylactic use of BPs. Further complicating the
question of whether BP therapy may increase risk of AFF are findings
indicating that AFFs may be associated with the concomitant use of
other antiresorptive agents, such as glucocorticoids (GCs) and proton
pump inhibitors (PPIs) [7].

Here, we report a rare case of multiple incomplete atypical stress
fractures of the lateral femoral cortex in a patient with no history
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Figure 1: Six incomplete atypical stress fractures affecting the lateral cortex
of the femur.

a: Frontal femur x-ray at the time of diagnosis showing multiple incomplete
stress fractures (black arrows). A higher magnification image of the framed
area is shown in the right panel.

b: Coronal MRI image of the right thigh demonstrating multiple lateral cortical
triangular beakings and thickenings with endosteal marrow edema.

of BP, GC, or PPI use. One of these stress fractures later became a
complete break. The fracture was stabilized with flexible Ender nails
complemented with teriparatide. Subsequent breakage of the Ender
nails was attributed to hypertrophic nonunion of the AFFE. The
patient was treated with a sliding full cortical thickness inlay bone
graft technique combined with cancellous bone grafting and locking
plating.

Case Presentation

A 74-year-old Japanese woman, who had been receiving monthly
oral BP (risedronate) for the past year, sought consultation in her
local orthopedic clinic complaining of severe pain in her right thigh
for the prior 2 weeks. Radiographs of her right femur revealed six
incomplete stress fractures with beaking and a horizontal dark line
(dreaded black line) of the lateral mid-shaft femur (Figure la). A
subsequent MRI scan demonstrated marrow edema surrounding
incomplete transverse fracture lines within the symptomatic femur
(Figure 1b) that appeared to be typical of a BP-associated stress
fractures. The patient was managed conservatively with risedronate
withdrawal and limitation of weight bearing. Her severe thigh pain
persisted after one month of resting her right leg. Therefore, she was
referred to our hospital for further assessment.

A clinical evaluation of the patient in our department revealed
motor weakness of her right thigh, likely consequent to her severe
thigh pain. Her perception of lower extremity sensation and deep
tendon reflexes seemed to be normal, and there was no muscular
atrophy. Because the patient had a limping gait due to the severe pain
in her right thigh, her hospitalization was scheduled in 6 days for
further evaluation and a prophylactic internal fixation procedure to
prevent a complete femoral fracture.

Three years prior, the patient had been treated for degenerative
osteoarthritis with a primary left total knee arthroplasty (TKA),
which was functioning well. While preparing for the planned fixation
operation, we accessed the conventional preoperative frontal-plane

radiographs of both entire lower limbs taken at the time of the left
TKA. Unexpectedly, a retrospective review of the earlier radiograph
showed multiple incomplete atypical fractures of the right thigh that
had been missed in the initial assessment 3 years earlier (Figure 2).
At least distal four beaking sites along the inner endosteal surface of
the lateral femoral cortex were apparent in this earlier radiograph
(Figure 2). We questioned the patient about her history of BP use
and confirmed that she had never taken BP before the most recent
one-year period. These findings suggest that just one-year of monthly
BP may have accelerated the exacerbation of the patient’s multiple
incomplete atypical femoral fractures of unknown origin.

Unfortunately, while awaiting the planned fixation operation, the
patient suffered a sudden fall from standing height in her home and
was transferred to the emergency department of our hospital. She
was admitted to the hospital one day earlier than scheduled because
a radiograph demonstrated a complete femoral shaft fracture.
Given the predominant hypothesis regarding AFF pathophysiology,
which posits that severe suppression of bone turnover leads to an
accumulation of bone microdamage and, eventually, the development
of an insufficiency fracture, we sought an operative treatment that
would minimize surgical dissection and damage to the periosteal
vasculature while enabling micromovement at the fracture site to
facilitate bone healing [1,8,9]. To stimulate callus formation and

Figure 2: Frontal x-ray image of the lower limbs taken 3 years earlier showing
at least four thickening areas at the inner endosteal surface of the femur
(black arrows). A higher magnification image of the framed area is shown in
the right panel.
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Figure 3: Treatment and follow-up.

a: Radiographs (anteroposterior, cross-table lateral, and frog-leg lateral) taken
immediately postoperatively showing fixation of the fracture with a flexible
intramedullary nail and a minimal fracture gap with rotational deformity.

b: Radiographs of the femur (anteroposterior and lateral) 1 week
postoperatively, showing reduction of the gap and correction of the rotational
deformity.
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Figure 4: Postoperative 3D CT scan showing flexible intramedullary fixation
with Ender nails.

a: An axial slice of the femur showing six lateral cortical thickening areas with
a dreaded black line.

b: A 3D reconstruction CT scan of the femur from the anterior (Ant) and
posterior (Post) aspects showing anatomic correction of the fracture gap.

facilitate fracture healing, Ender nailing was performed and partial
weight-bearing walking was started as early as possible after the
operation. A slight fracture gap and rotational deformity existed at
the time of operation (Figure 3a). Follow-up radiographs taken one
week after the operation showed reduction of the gap and correction
of the rotational deformity, likely owing to the patient’s immediate
postoperative gradual weight bearing regime (Figures 3b and 4).

Preoperative blood chemical tests were generally unremarkable:
bone specific alkaline phosphatase = 8.4 mg/L (normal, 3.8-22.6);
serum intact parathyroid hormone llevel = 33 pg/mL (normal, 10-
65); ionized calcium level = 9.2 mg/dL (normal, 8.7-9.7); free T4
=1.49 ng/ml (normal, 0.82-1.63); and free T3 = 2.62 pg/ml (normal,
2.10-3.80). Her 1,25 vitamin D3 levels was slightly elevated at 67 ng/
ml (normal, 20-60). Her blood levels of tumor markers, including
a-fetoprotein, carcinoembryonic antigen, squamous cell carcinoma
antigen, and cancer antigen 19-9, were within normal limits and a
myeloma screen was negative.

Dual energy x-ray absorptiometry conducted 1 week after
the operation revealed normal bone mineral density in the femur
(T-score -0.6), but osteoporosis in the lumbar spine (T-score -2.6
) and forearm (T-score -3.1). Intriguingly, postoperative nuclear
bone scintigraphy showed radiotracer (technetium medronic
acid) up take at the fracture site as well as in distinct extraosseous
uptake in the quadriceps femoris muscle (Figure 5a). Skeletal muscle
uptake of bone-seeking agents may be induced by extracellular
fluid expansion, enhanced regional vascularity and permeability, or
elevated tissue calcium concentration. To elucidate the origin of the
indistinct scintigraphy labeling, we conducted an F-NaF positron
emission tomography (PET) complemented with computerized
tomography (CT) examination of the healing thigh. Although bone
scintigraphy has been the standard bone scanning method for three
decades, '*F-NaF PET/CT offers an innovative advancement in bone
imaging [10,11]. Notably, '*F-NaF PET/CT can distinguish complete
fractures from incomplete stress fractures, whereas traditional bone
scintigraphy cannot [12,13]. In the present case, '*F-NaF PET/CT
demonstrated weak radiotracer uptake surrounding five incomplete
stress fractures with beaking contrasted with intense uptake at the

e

Figure 5: NaF-PET and bone scintigraphy of complete stress fracture of the
right femur after surgery.

a: Anterior and posterior 67-Ga whole-body images showing slightly
increased uptake at the fracture site.

b: NaF-PET image showing massive uptake at the fracture site as well as
some extraosseous uptake in the quadriceps femoris muscle.

c: Fused NaF-PET/CT coronal image demonstrating that NaF uptake was
considerably lower at the sites around incomplete fracture lines than at the
complete fracture site.
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Figure 6: Radiographs (anteroposterior and lateral) 6 months after the Ender-
nailing operation showed a complete fracture of right femur with evidence of
nonunion and three broken flexible intramedullary nails.

complete fracture site, indicating that NaF uptake rate may depend
on fracture severity (Figures 5b and 5c¢). Following completion of
the postoperative workup, we changed the patient’s medication
prescription to a daily subcutaneous injection of parathyroid
hormone and set her up with a rehabilitation program encompassing
immediate gradually augmented weight-bearing.

The patient’s thigh pain was not completely alleviated by the
operation. Six months postoperatively, her chronic pain worsened
suddenly without any predisposing trauma and she was readmitted
to the hospital. Radiographs taken upon her readmission showed a
slightly displaced femoral shaft fracture with breakage of three of the
four nails at the original fracture site due to hypertrophic nonunion
(Figure 6). The patient was re-operated with a sliding full cortical
thickness inlay bone graft, as described by Albee in 1930 [14, 15],
combined with cancellous bone grafting. After the fracture was
exposed, a full cortical thickness graft (8 cm long and 1.5 cm wide)
was taken from the lateral surface of the femur and all four flexible
nails were removed. The graft, which traversed the fracture site
asymmetrically, was crisscrossed such that the proximal portion of
the graft was placed in the distal portion of the trough and vice versa,
as shown in Figure 7. The asymmetrical lengths of the graft portions
guaranteed that the fracture space was covered by intact grafted bone.

Following firm fitting of the graft into the trough, it was stabilized
by internal fixation with a locking plate and screws (Figure 8). This
procedure is advantageous in that the graft provides both internal
fixation and osteogenic stimulation [16]. Starting 2 weeks after the
operation, low-intensity pulsed ultrasound was applied around the
fracture site for 20 minutes/day until radiographic consolidation. The
patient was rehabilitated with progressive weight-bearing walking
exercise. The fracture was confirmed in radiographs to be fully united
5 months following the revision surgery at which time the patient also
reported alleviation of pain (Figure 8).

Discussion

The etiology of AFF is thought to be suppressed bone turnover
leading to microdamage accumulation in cortical bone that leaves
the femur weakened and highly liable to low-impact fracture [1].
Relative to other bones, the femur may be particularly susceptible to
this phenomenon due to its weight-bearing function, naturally bowed
shape, and being subjected to bending forces with concomitant
compression and tensile forces in the subtrochanteric and diaphyseal
areas. If a patient has an undisplaced stress fracture with prodromal
pain and a dreaded black line, a period of conservative therapy
including partial weight-bearing and teriparatide pharmacotherapy
should be considered. Surgical treatment may be indicated if
conservative measures are ineffective or there is evidence of
progression.

The standard procedure for surgical stabilization of an AFF is
interlocking nailing [17-20]. Alternatively, Ender nailing, as was
performed in this case, is a technically easier and faster procedure
that omits the need for medullary canal reaming, there by preserving
endosteal circulation and the blood supply to fracture segments. In
addition, we preferred to use intramedullary Ender nailing in this case
because the elastic nature of Ender nails allows for dynamization at
the fracture site, narrowing of the fracture gap, early weight bearing,
and progression of tissue differentiation. These features may improve
callus formation and, ultimately, the patient’s ability to participate in

Figure 7: Modification of Albee’s bone grafting procedure.

a,b and c: Schematic representations illustrating the bone graft technique.
From the lateral surface of the femur, a full cortical thickness bone graft of
unequal length on either side of the fracture was taken out, and placed back
into the trough.

d and e: Major surgical wound with sliding full cortical thickness inlay bone
graft technique (intra operative photos).
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Figure 8: Five months after revision surgery, a solid union was achieved.

activities of daily living. Six months after the operation, however, the
femoral shaft refractured with breakage of three nails. The presence
of a large, broad callus near the fracture gap with a radio lucent is a
indicated that the refracture was due to hypertrophic nonunion.

We had hoped that Ender nailing would enable micromovement
and thus support callus formation [21]. Though limited axial
compressive movements can increase callus formation and accelerate
fracture healing [22], too much shear stress at the fracture site can
impede callus remodeling [23]. The hypertrophic nonunion in the
present case was likely a result of too much multidirectional motion
at the fracture site, likely due, at least in part, to early partial-weight-
bearing walking. The hypertrophic nonunion was corrected with
autologous bone grafting and exchange of the fixation technique
towards a more stable osteosynthesis. We complemented the surgical
correction with ultrasound therapy, which, like external shock wave
therapy, remains controversial [24,25].

PET using '*F-NaF can detect various skeletal abnormalities with
higher resolution than scintigraphy. The fast kinetics of "*F-NaF enable
image acquisition as early as 30 minutes post injection, improving
patient compliance [10,11]. CT integration with PET provides
anatomical information that can improve lesion detection. The cost
of ®F-NaF and relatively undeveloped PET imaging technology may
be offset by enhanced patient throughput. Our findings of differential
NaF labeling in incomplete versus complete fractures indicate that
NaF-PET may be a useful tool with which to identify incomplete

fractures at risk of progressing to complete fracture.

Although BP therapy is considered safe and effective for
fracture prevention in osteoporotic individuals [26, 27], case reports
have shown that long-term BP use may precipitate AFFs, such as
subtrochanteric and diaphyseal femoral fractures [28-30]. It is notable
that our patient had multiple atypical stress fractures for at least 3
years before she was seen in our department, years before she started
BP therapy and with no history of GC or PPI use. Her case suggests
that some patients who sustain an AFF may have had predisposing
conditions prior to initiation of BP therapy, though subsequent long-
term BP therapy may contribute ultimately to the AFF pathogenesis.
Given that BP clearance from the bone matrix and the return to
normal bone remodeling may take more than 7 years [31,32], a
BP holiday to avoid AFF formation remains enigmatic. Further
investigation into the origin of AFFs is required to demonstrate the
specific effects of BPs on cortical bone quality, tissue properties, and
their effects on the mechanical performance of the skeleton.

Conclusion

Conservative treatment of a correctly diagnosed AFFs, which
includes limitation of weight bearing, discontinuation of BP therapy,
teriparatide therapy, and, if needed, fracture stabilization, may be
insufficient for a good outcome. Better methods for accurate detection
of progression from an incomplete stress fracture to a complete
fracture are needed. NaF-PET can be a useful tool for detecting signs
of such a risk. The growing body of case reports describing various
AFF cases that were managed successfully provides a useful resource
for guiding treatment decisions for these difficult-to-manage injuries.
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