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Roughly half of the femoral fracture patients diagnosed with AFF according to the criteria suggested
by a task force of the American Society for Bone and Mineral Research (ASBMR) have not under-
gone bisphosphonate (BP) therapy. One suspected cause of such fractures is severe bone loss due to
osteomalacia, but the pathogenesis remains unknown. We report a case of an 84-year-old woman with
AFF not treated by BP therapy, in whom underlying osteomalacia was histologically diagnosed. The
involvement of femoral curvature and spino-pelvic malaligment in the fracture in the present case was

considered.
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Ithough bisphosphonates (BPs) are the gold

standard for osteoporosis pharmacotherapy,
several adverse effects related to their long-term use
have recently been reported, such as osteonecrosis of
the jaw (ONJ) and atypical low-energy subtrochanteric
and diaphyseal femoral fractures due to severely sup-
pressed bone turnover (SSBT) [1, 2]. These frac-
tures are typically diagnosed as atypical femoral
fracture (AFF). However, many patients have been
reported [3] who fulfill the AFF criteria written by a
task the American Society for Bone and Mineral
Research (ASBMR) [4] but have not received BP
treatment. One of the suspected causes of such frac-
tures is severe bone loss due to osteomalacia, but the
pathogenesis about the way that osteomalacia becomes
AFF remains unknown.
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We describe herein a unique case of AFF without
BP therapy, in which underlying osteomalacia was
histologically diagnosed. The involvement of femoral
curvature and spino-pelvic malaligment in the fracture
is also discussed. The patients and their families were
informed that data from their case would be submitted
for publication, and they provided their consent.

Case Report

An 84-year-old woman presented at our outpatient
clinic who had been experiencing pain of the bilateral
thighs for 2 months. There was no history of trauma.
The pain was not debilitating at the onset but had
gradually increased over the first month, such that she
had not been able to walk independently without a
walker thereafter. She had only been treated for
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constipation; there was no past history of other dis-
eases, including osteoporosis. Physical examinations
demonstrated tenderness of the bilateral thighs. Plain
radiographs showed multiple areas of endosteal thick-
ening and multiple horizontal lines resembling frac-
tures over a wide area of the outer cortical bones of
the bilateral femoral diaphysis (Fig. 1). In addition,
bone sclerosis and local curvature change of the right
femoral diaphysis were noted. Using a method to
measure femoral curvature established by Sasaki et al.,
curvatures of the lateral and anterior bilateral femora
were marked: the lateral curvature was 18/10 degrees
(right/left), and the anterior curvature was 18/17
degrees [5]. On magnetic resonance imaging (MRI),
laterally thickened areas of the bilateral femora and a
local bending area of the right femoral diaphysis
showed a low signal intensity on T1- and T2-weighted
images (Fig. 2). The bilateral anterior femoral dia-
physis showed a slightly high signal intensity on
T2-weighted images. Lumbar kyphosis was remark-
able on standing. On lateral standing X-rays of the
spine including the sacrum and pelvis, the lumbar
lordosis angle from .1 to L5 was minus 7 degrees,
the lumbo-sacral angle was 0 degrees, and the pelvic
inclination angle was 65 degrees; all these parameters
showed a severe posterior pelvic tilt with lumbar
kyphosis (Fig. 3A). An antero-posterior X-ray of the
pelvis on standing also showed a severe posterior tilt
of the pelvis (Fig. 3B). The bone mineral density
(BMD) of the lumbar spine (L.2-4, 0.422g/cm?
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T-score: 4.9 S.D.) and proximal femur (0.218 g/cm?,
T-score: -5.2 S.D.), as assessed by dual-energy X-ray
absorptiometry, confirmed the presence of severe
osteoporosis. On laboratory examinations, serum
alkaline phosphatase (ALP), serum calcium (Ca),

inorganic phosphorus (IP), serum intact-parathyroid
hormone (PTH), and serum 25(OH)D were all within
normal ranges. Although serum 25(0OH)D was within
the normal range (7-41ng/ml), it was still low, at
16ng/ml. Cross-linked N-telopeptide of type I colla-

Fig. 2  Magnetic resonance imaging (MRI) of the bilateral femurs.
Right femur is @ and b, and left femur is ¢ and d. Fig. aand ¢
represent T1-weighted imaging while b and d are T2-weighted
imaging.

Fig. 1

Antero-posterior (@, d) and lateral (b, e) radiography of the bilateral femurs. Right femur is represented by Fig. a, b, and c,

and left femur by d, e, and f. Fig. c and f are magnified views of a and d.
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Fig. 3
(a), along with severe posterior pelvic tilt (D).

gen (NTX: 29.6nmolBCE/L, normal range, 10.7-24.0
nmolBCE/L) in serum, bone-specific alkaline phos-
phatase (BAP: 26.5ug/1., normal range, 3.8-22.6ug/L.),
and undercarboxylated osteocalcin (ucOC: 6.05ng/ml.,
normal range, less than 4.5ng/mlL) were elevated. We
suspected multiple incomplete AFE of the bilateral
femurs caused by serious osteoporosis and a markedly
curved femur of the lateral and anterior.

The patient was treated surgically using locking
plates to prevent complete fractures of the femurs
(Fig. 4). At surgery, we also performed iliac bone
biopsy after double-tetracycline labeling to diagnose
the pathogenesis histologically with undecalcified sec-
tions. On bone histomorphometrical analysis of the
biopsied iliac cancellous bone, the osteoid volume and
surface were found to be markedly increased, and the
eroded surface was reduced. However, bone-mineral-
izing parameters, including the mineralizing surface
(MS) and mineral apposition rate (MAR) were not
increased. These findings were consistent with
osteomalacia, but not consistent with SSBT (Fig. 5,
Table 1).

After the operation, we started treatment for
severe bone loss with teriparatide to increase the bone
volume, and recommended taking vitamin D as much
as possible in foods or supplements to normalize the
vitamin D metabolism. The postoperative course was
uneventful, and the patient was able to walk with a
walker without pain. She was still without pain in the
bilateral thighs at the most recent follow-up, 3 months

Lateral radiography of the vertebra (a) and antero-posterior radiography of the pelvis (b) on standing. Lumbar kyphosis is marked

Fig. 4  Antero-posterior radiography of the bilateral femurs (a,
right femur; b, left femur) treated surgically using locking plates.

post-operatively.
Discussion
The current patient had not been prescribed any

anti-osteoporosis medicine before surgery, and the
bone histomorphometry of the iliac cancellous bone
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Fig. 5
The osteoid surface is observed widely in the cancellous bone.

Histopathological findings on Villanueva bone staining.

Table 1 Histomorphometric findings of cancellous bone
Patient Control (mean + SD)
BV/TV (%) 6.33 11.0+1.8
Tb.Th (um) 104.5 131.3 281
OV/TV (%) 0.3 0.36 +0.31
OV/BV (%) 4.78 1.6 +04
0S/BS (%) 45.14 128 +£2.2
O.Th (um) 5.46 6.4+0.8
0b.S/BS (%) 15.78 3.11+275
ES/BS (%) 1.37 3.0+1.0
0c.S/BS (%) 0.43
MAR (um/day) 0.53 0.48 +0.08
sLS/BS (%) 7.79
dLS/BS (%) 4.27
MS/BS (%) 8.16 579 +4.38
BFR/BS (mm?®/mm?/year) 0.016 0.010 +£0.008
BFR/BV (%/year) 30.36 16.2 +12.5

BV, bone volume; TV, total volume; Tb.Th, trabecular thickness;
0V, osteoid volume; OS, osteoid surface; BS, bone surface; O.Th,
osteoid thickness; Ob.S, osteoblast surface; ES, eroded surface;
Oc.S, osteoclast surface; MAR, mineral apposition rate; sLS,
single labeled surface; DLS, double labeled surface; MS, mineral-
izing surface; BFR, bone formation rate; SD, standard deviation.
Control data are for healthy postmenopausal women aged 65-74
years [6, 71.

indicated typical osteomalacia showing increased
osteoid formation with minimal bone mineralization.
Published data indicate that the presence of vitamin D
deficiency should be suspected when serum 250HD is
less than 20ng/ml [8], so we considered that the
patient had vitamin D deficiency osteomalacia because
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of low serum 250HD and the result of bone histomor-
phometry. In the present case, we considered that
multiple areas of endosteal thickening and multiple
horizontal lines like fractures of the outer cortical
bones of the bilateral femora shown in the plain radio-
graphs constituted a Looser's zone, a conventional
X-ray sign of osteomalacia. The ASBMR Task Force
2013 Revised Case Definition of AFFs is as follows:
1) the fracture is associated with minimal or no
trauma, as in a fall from a standing height or less, 2)
the fracture line originates at the lateral cortex and is
substantially transverse in its orientation, although it
may become oblique as it progresses medially across
the femur, 3) complete fracture extends through both
cortices and may be associated with a medial spike;
incomplete fractures involve only the lateral cortex,
4) the fracture is not comminuted or is minimally com-
minuted, 5) localized periosteal or endosteal thicken-
ing of the lateral cortex is present at the fracture site
(“beaking” or “flaring”) [4]. In view of these criteria,
the current case is consistent with AFF. However, it
is quite different from pathogeneses reported before,
such as SSBT. A nationwide survey of AFF's in Japan
reported by the Japanese Orthopedic Association
showed that, of a total of 355 AFF patients, patients
taking BPs comprised nearly half (46.8%) [9].
Among AFF patient prescribed BPs, those receiving
them for more than 3 years comprised nearly half
(45.8%). That is, only one quarter of patients with
AFFs have suspected SSBT and the remaining three-
quarters are considered to be unrelated to SSBT.
Suzuki ef al. reported that 17.7% of elderly women
have vitamin D deficiency [10], and that percentage
certainly increases if latent vitamin D deficiency is
taken into account. Considering this evidence,
osteomalacia might also have been present in previ-
ously reported AFF cases because the fracture type
of the present case is also consistent with the criteria
of AFF [4].

Curvature of the femur is sometimes reported as
one of the causes of AFF, and some AFF cases have
been reported in patients with severely curved femurs
without BP exposure in Japan [11, 12]. Sasaki et al.
investigated curvatures of the lateral and anterior
femurs in AFF cases, and found that curvature in
AFF patients was significantly greater than that in a
control group [5]. Abnormal curvatures of the lateral
and anterior bilateral femurs were found in the pres-
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ent case. In addition, a local bending change of the
right femoral diaphysis that increased the curvature
was also found. If osteomalacia is a cause of femoral
curvature, osteomalacia might also have been present
in other previously reported AFF cases with marked
curvature of the femur.

In the present case, we also speculate that severe
lumbar kyphosis with posterior pelvic tilt contributed
to the increased femoral curvature. Spino-pelvic
alignment on standing requires hip joint extension,
knee joint flexion, and ankle joint dorsiflexion to
maintain postural balance. Thus, the femur is posi-
tioned obliquely to the ground, not vertically, and
excessive muscular force on the thigh may be required.
Goto conducted electromyography of muscles around
the hip joint and femur in patients with lumbar kypho-
sis in a standing position, and found that the load on
the quadriceps muscles was elevated [13]. Increased
load on the thigh may cause a curved femur. Hongo et
al. reported that lumbar kyphosis in elderly women
with osteoporosis was more common in Japanese than
in Caucasians [14], such that a curved femur might
be likely to occur in elderly Japanese women.
Considering that vitamin D deficiency is often seen in
elderly Japanese women [10], AFF-like fractures
with a curved femur may be more common in Asians
including Japanese than Caucasians.

In conclusion, this was an interesting case of
osteomalacia diagnosed by histological evidence, sus-
pected as a cause of AFF. Osteomalacia may be
present in AFF patients with marked curvature of the
femur.
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