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Atypical fractures commonly arise in the subtrochanteric region or the femoral shaft, whereas those of the upper extremities are
rare. Only 15 fractures in 13 patients have been described in the English literature. The management of such fractures has not
been established. We describe a patient with an atypical fracture of the ulnar diaphysis, which required revision surgery to
achieve the union of the fracture site. Teriparatide together with low-intensity pulsed ultrasound contributed to bone healing.
Further studies are needed to determine the optimal strategy for treating atypical fractures of the ulna.

1. Introduction
An atypical fracture has been deﬁned as a clinical condition
that is highly associated with the long-term use of bisphosphonates [1] and occurs in the subtrochanteric region or
femoral shaft [2]. In contrast, atypical fractures of the upper
extremities are rare, since only 11 reports (15 fractures in 13
patients) have been published [3–13] (Table 1). Such fractures have a risk of nonunion; thus, accurate diagnosis and
treatment are important. Here, we describe an atypical fracture of the ulnar diaphysis.

2. Case Presentation
A 78-year-old woman presented after falling from an upright
position on her left hand and then experiencing diﬃculty elevating her left arm. She had a six-month history of mild pain
in her left elbow after agricultural work for which she used a
hoe and a 10-year history of medication with bisphosphonate
(alendronate), to treat osteoporosis that was diagnosed after a
thoracic vertebral fracture.
A lateral radiograph of the left forearm upon presentation revealed a transverse fracture at the posterolateral aspect
of the proximal ulna (Figure 1(a)). Computed tomography of

the left ulna showed cortical thickening, with transverse fractures and spike formation on the volar side (Figure 1(b)).
X-rays did not reveal any abnormalities of the contralateral side. Biochemical ﬁndings showed normal serum calcium,
phosphate, alkaline phosphatase, and thyroid hormone values.
The mineral density of the distal radius had a T score with a
standard deviation (SD) of -1.9 on dual-energy X-ray absorptiometry. The fracture was diagnosed as atypical, and bisphosphonate therapy was stopped. The patient underwent open
reduction with internal ﬁxation (ORIF) using a 3.5 mm locking compression plate (DePuy Synthes, Zeist, Netherlands)
for the ulnar fracture (Figure 1(c)). A transverse fracture with
cortical thickening was evident during the procedure. Plain
radiography showed no signs of fracture healing at three
months postoperatively (Figure 1(d)), when the patient complained of pain at the fracture site. The results of a physical
examination and laboratory tests, including white blood cell
counts, C-reactive protein, and erythrocyte sedimentation
rate, were normal, which ruled out an underlying infection of
the surgical site. We diagnosed the fracture site as nonunion;
thus, we performed the revision surgery to stabilize and to
achieve a union of the fracture site at 4 months after the ﬁrst
operation. Scar tissue and the osteosclerotic lesion from the
fracture site were excised under general anesthesia, and the
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Table 1: Reports of atypical ulnar fractures.
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Figure 1: Imaging ﬁndings. Plain radiography (a) and computed tomography (b) images show transverse fracture at the proximal ulna. Plain
radiographs immediately after open reduction with internal ﬁxation (c) and at three months thereafter (d).

fracture surfaces were freshened. An autologous corticocancellous bone graft from the iliac crest was inserted at the resection site, and osteosynthesis was proceeded using a locking
plate indicated for olecranon fractures (DePuy Synthes, Zeist,
Netherlands) (Figure 2(a)). Immediately after this procedure,
low-intensity pulsed ultrasound (LIPUS) (SAFHS; Teijin
Pharma, Tokyo, Japan) was applied once a day for 20
minutes. However, a callus was not observed, and bony
absorption was visible at the bone graft site at two months
after the reoperation (Figure 2(b)). Therefore, the patient
consented to empirical, oﬀ-label therapy with teriparatide
at doses approved to treat osteoporosis (20 μg/day). After
19 months on teriparatide, X-rays revealed bone bridges
and a decreased gap between the fragments (Figure 2(c)).
Healing after 30 months of treatment with LIPUS and teriparatide was complete (Figure 2(d)), and this coincided
with the disappearance of pain and a complete range of
elbow and wrist joint motion.

3. Discussion
A relationship between long-term bisphosphonate therapy
and atypical femoral fractures has been suggested [1, 2],
and these conditions might be closely related to severely suppressed bone turnover (SSBT) [14]. In contrast, only 11
reports in the English literature have described atypical fractures of the upper extremities [3–13], and they usually developed in the absence of traumatic events or as a result of
minimal trauma (Table 1). Our patient used a hoe daily

and sustained a fall from an upright position onto her left
hand. One report has described that a transverse conﬁguration, localized periosteal, or endosteal thickening at the
fracture site and generalized cortical thickening of the
diaphysis are features of atypical ulnar fractures [15].
Some authors have postulated that the mechanism is
related to SSBT because of pathological ﬁndings [7],
whereas others have speculated that the mechanism is
related to cyclical weight-bearing during ambulation while
walking with a cane or frame [6, 9, 10, 13]. The injured
forearm of our patient had some features of atypical fractures on radiography images, she had been under longterm bisphosphonate therapy, and she habitually used a
hoe during agricultural work. We diagnosed an atypical
fracture of the ulnar diaphysis based on these features,
which were associated with a stress mechanism.
Atypical femoral fractures are often diﬃcult to manage
because of delayed union and a high incidence of revision
surgery [16]. Teriparatide as monotherapy and in combination with calcium and vitamin D exerts osteosynthetic eﬀects
on atypical femoral fractures associated with bisphosphonates [17–19]. In contrast, the management of rare atypical
fractures of the upper extremities has not been established.
Four patients have been treated conservatively [4, 6, 10, 13],
and four others had fractures ﬁxed with a plate and a bone
graft [5, 7, 12]. Four of ﬁve fractures treated by internal rigid
ﬁxation [3, 8, 9, 11] united uneventfully, and complications
developed in one patient during the healing process.
The eﬀects of teriparatide on healing atypical femoral
fractures have been assessed [17–19], but teriparatide has
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Figure 2: Findings of plain radiography after reoperation. Immediately after the second operation (a). Two months after the second
operation, bone absorption is evident (b). The gap at the fracture site has decreased in 19 months after reoperation (c), and bone union is
complete at 30 months after reoperation (d).

only been applied to atypical fractures of the upper extremities of two patients [12]. One recent patient required
teriparatide because callus was not evident and bony absorption was visible at the bone graft site after reoperation. Considering all these ﬁndings, we believe that atypical ulnar
fractures could be treated by internal rigid ﬁxation with a
bone graft under teriparatide and LIPUS. However, we think
that evidences of LIPUS use for atypical fractures are still
insuﬃcient. Further investigations are needed to conﬁrm
the beneﬁcial eﬀects of LIPUS use in addition to the teriparatide for atypical fractures.
The present study has some limitations. Because we did
not collect a bone biopsy, we could not histologically rule
out SSBT, and the patient cohort was small. Further larger
studies with complete bone metabolic markers, histological
specimens, X-ray evidence, an appropriate surgical procedure, and combined therapy such as teriparatide and LIPUS
are needed to conﬁrm our ﬁndings.
In conclusion, although an atypical fracture of the ulna is
rare, long-term medication with bisphosphonate and typical
ﬁndings of fracture on images can help to conclude a diagnosis. An atypical fracture of the ulna can be treated with careful
preoperative planning and postoperative therapy with LIPUS
and teriparatide.
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