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A large amount of microdamages in the cortical bone around fracture site
in a patient of atypical femoral fracture after long-term
bisphosphonate therapy
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A breast cancer patient developed an atypical femoral fracture after 9 years of bisphosphonate therapy for the
treatment of multiple bone metastases. We histopathologically analyzed the femoral cortical bone at the fracture
site and the iliac cancellous bone. Four months prior to the fracture, the patient had experienced pain in the right
femur and underwent plain radiography and bone scintigraphy which revealed cortical thickening and radioiso-
tope accumulation at each site, respectively. The patient had also experienced a non-traumatic fracture at the
same site on the contralateral side 2 years earlier. Based on these findings, atypical femoral fracture was
diagnosed and intramedullary nailing performed. A cortical bone specimen taken from near the fracture site
during surgery showed marked microdamages, and analysis of the iliac cancellous bone specimen revealed
severely suppressed bone turnover. These findings suggest that microdamage and severely suppressed bone
turnover are associated with atypical femoral fracture reported in this patient with long-term bisphosphonate

Microdamage
Bone turnover

therapy.

© 2014 Elsevier Inc. All rights reserved.

Introduction

Bisphosphonates are widely used in the treatment of bone disease
with increased bone resorption, including bone metastasis of breast
cancer, because of their potent suppressive effects on bone resorption
[1-3]. However, many studies in recent years have reported atypical
femoral fracture in patients receiving long-term bisphosphonate
therapy [4-9]. We recently treated a breast cancer patient with multiple
bone metastases who developed an atypical femoral fracture after
undergoing long-term bisphosphonate therapy. We report here the
histopathological findings of the fracture.

Case

A 56-year-old woman with a history of mastectomy for breast cancer
at 35 years of age had been undergoing chemotherapy at the Department
of Breast Surgery at our hospital. At age 47, after radiotherapy for multiple
bone metastases, she was started on incadronic acid (10 mg) once
every 2 weeks after radiotherapy. The drug was switched to monthly
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pamidronic acid (90 mg) at age 50 and subsequently to monthly zo-
ledronic acid (4 mg) at age 51. She experienced a non-traumatic
subtrochanteric fracture of the left femur at age 54 and underwent
osteosynthesis because of a suspected pathological fracture due to
metastatic bone tumor. Despite no intraoperative macroscopic or
pathological findings of malignancy, zoledronic acid was continued
after surgery for around 2 years.

The patient was recently transported to our hospital because of
intense pain in the right femur after stepping up a small step into the
house and immediately being unable to bear weight. Plain radiography
revealed a transverse femoral subtrochanteric fracture with cortical
bone thickening of the lateral cortices (Fig. 1). Four months earlier, the
patient had undergone plain radiography and then bone scintigraphy
for pain in the right femur, which had revealed lateral cortical thicken-
ing (Fig. 2) and accumulation of radioactive materials (Fig. 3), respec-
tively, in the subtrochanteric region of the right femur. However, no
specific treatment had been initiated. Five days after the fracture, the
levels of bone metabolism markers tartrate-resistant acid phosphatase
5b (TRAP-5b) and osteocalcin were 237 mU/dL (normal range,
120-420 mU/dL) and 2.3 ng/ml (normal range, 2.5-13 ng/ml), respec-
tively, indicating no elevation of bone turnover despite sustaining the
fracture.

Taking into account her medical history and image findings, we
diagnosed atypical femoral fracture and performed intramedullary
nailing on day 7 after fracture (Fig. 4a). During surgery, a coaxial bone
and vertebral bone biopsy needle (Zimmer Inc., Warsaw, IN) was used
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Fig. 1. Plain radiograph taken immediately after fracture. The right femur shows a trans-
verse subtrochanteric fracture and lateral cortical thickening (arrows).

to take a biopsy specimen from the lateral thickened cortical bone adja-
cent to the fracture cite before intramedullary nailing (Fig. 5a). This was
followed by transiliac bone biopsy for bone morphometry. In the
femoral cortical bone, the area was measured at least 1.5 mm from the
edge of the collected bone to avoid the biopsy needle infringing on the
resection margin (Fig. 5a). Histopathological findings revealed no
malignancy but did reveal many microcracks (Fig. 5b) in the cortical
bone adjacent to the fracture site and few osteoid surfaces in the iliac
cancellous bone (Fig. 6). We therefore assessed bone microdamage by
the method proposed by Burr [10]. The results revealed a microcrack
density of 5.8/mm?, mean microcrack length of 91.6 um, and microcrack
surface density of 553.4/um/mm?. Microdamage accumulation was
notably more extensive than that reported by Norman and Wang [11],
who evaluated microdamage in normal human cortical bone of the
femur (Table 1). Furthermore, the iliac cancellous bone specimen
showed that the suppression of bone turnover was notably more exten-
sive than that observed in postmenopausal women [12], even in those
who had received alendronate (10 mg) therapy for 3 years for the treat-
ment of osteoporosis [13] (Table 2).

After confirming the disappearance of metastatic foci for an extend-
ed period, we stopped the zoledronic acid and switched to teriparatide
and concurrent physical therapy. Bony union became apparent at
3 months after surgery and was complete by 6 months after surgery
(Figs. 4b, c).

Fig. 2. Plain radiography image taken 4 months before fracture. Subtrochanteric cortical
thickening is evident on the lateral right femur (arrow).

Fig. 3. Bone scintigraphy taken 4 months before fracture. Radioactive materials are
evident below the trochanter in the right femur (arrow).

Discussion

The increasing number of patients with atypical femoral fracture
after long-term bisphosphonate therapy led to the American Society
for Bone and Mineral Research organizing a taskforce to investigate
the situation surrounding bisphosphonate therapy [9]. A typical femoral
fracture was defined as a transverse or short oblique non-comminuted
fracture occurring between the subtrochanteric and supracondylar
regions with no or only minor traumatic injury. In addition, complete
fracture was defined as a fracture with a medial cortex spike and incom-
plete fracture as a fracture of the lateral cortical bone only. The fracture
may be caused by modification of collagen cross-linking, accumulation
of bone microdamage, increased mineralization or reduced heterogene-
ity of mineralization, change in bone metabolism, or reduced angiogen-
esis [9,14-21]. The factors underlying the above conditions are
osteomalacia, rheumatoid arthritis, impaired phosphorylation, and the
use of bisphosphonates, steroids, and proton pump inhibitors [9,
22-25]. We classified the femoral fracture in the present case as an
atypical fracture because it was caused by only a small movement
after long-term bisphosphonate therapy and it showed characteristic
morphological findings of atypical femoral fracture. According to Ivaska
etal, the blood levels of TRAP-5b and osteocalcin seldom change imme-
diately after fracture, but increase over time due to the post-fracture
reaction [26]. In the present case, although 5 days had passed since
the fracture, TRAP-5b was within the normal range while osteocalcin
was abnormally low, indicating that bone remodeling had been
suppressed before the fracture occurred.

To our knowledge, this is the first study to assess microdamage by
histopathologically examining the fracture site of an atypical femoral
fracture, and therefore direct comparisons with other studies cannot be
made. However it could be compared with previous reported micro-
damaged values in other relevant references. Norman and Wang reported
microdamage of the femoral cortical bone in 27 cadavers to have a
microcrack density of 0.21/mm?, microcrack length of 90.9 pm, and
microcrack surface density of 19.5/um/mm? [11] (Table 1), which
means the level of microcracks in the present case was approximately
28-fold that of Norman and Wang, which is an extremely high level of
microdamage accumulation for a normal femur. On the other hand,
Vashishth et al. reported that microcrack density in the cortical bone of
human fractured tibia under mechanical loading was 11.1/mm? [27].
This indicates that microdamage level seen in our patient was below
the levels caused by the fracture itself. It is therefore more likely that
levels seen in this patient reflect in vivo accumulation of microdamage
before fracture.

The histomorphometric findings of the iliac bone indicated severely
suppressed bone turnover in the present patient compared with a
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Fig. 4. Postoperative plain radiographs of (a) the fracture site immediately after surgery for intramedullary nailing, (b) the filled postoperative cortical bone defect with a callus 3 months

after surgery, and (c) complete bone union 6 months after surgery.

similar study on postmenopausal women [12], even those treated with
10 mg alendronate for 3 years [13]. Therefore, the bone in the present
patient was in the same severely suppressed bone turnover state re-
ported by Odvina et al. [4], in which no double fluorescent label surfaces
were observed in the iliac cancellous bone of all spontaneous fracture
patients under long-term alendronate therapy.

High-dose bisphosphonate therapy has been shown to inhibit bone
remodeling and elevate microdamage accumulation in dogs and
monkeys, which have similar bone metabolism systems to humans
[19-21]. Suppression of bone turnover was associated with increased
production of advanced glycation end products, with a reduction in the
toughness of bone [14-18,27]. Moreover, increased AGEs are associated
with increased formation of linear microcracks that were found in our
patient. It is possible that long-term bisphosphonate therapy at higher
dose than those for osteoporosis treatment in this patient caused severe

suppression of bone remodeling, which might accumulate microdamage
due to suppressed repair and may lead to occurrence of atypical femoral
fracture.

The microdamage accumulation observed in the biopsy specimen
taken during surgery does not necessarily imply the accumulation of
bone microdamage before the fracture because bone sampling itself
can cause microdamage. Using a hollow needle for drilling bone, we
took biopsy specimens of 8 mm diameter from the fracture site that
enabled us to assess microdamage at least 1.5 mm from the edge of
the collected bone to avoid artifacts caused by the biopsy needle
infringing on the resection margin. Although this uncertainty about
the cause of microdamage may be regarded as a limitation of this
study, the present findings are still valuable because there are no
other reports of microdamage accumulation at the site of an atypical
femoral fracture.

EEmmmEEy

Fig. 5. A cortical bone specimen was taken from thickened lateral cortical bone adjacent to the fracture site (a). Assessment of bone microdamage (a) at the specimen site from where two 3
x 3-mm sections were taken at least 1.5 mm from the resection margin, and (b) a large number of microcracks (arrows) as revealed by light microscopy.
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Fig. 6. Transiliac bone biopsy. Few osteoid or resorption surfaces are visible on the trabecular
surfaces, indicating highly suppressed bone turnover.

Conclusions

In a breast cancer patient with atypical femoral fracture after long-
term bisphosphonate therapy for the treatment of multiple bone metas-
tases, transiliac bone histomorphometry revealed severely suppressed
bone turnover, and bone histomorphometry of the fracture site revealed
pronounced microdamage accumulation. Careful attention should be
paid not only to bone turnover, but also to the occurrence of an atypical
femoral fracture, especially in cancer patients receiving long-term
bisphosphonate treatment.
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Table 1
Results of microdamage assessment.

Microdamage parameter Present case Norman and Wang
Density (/mm?) 5.8 0.21

Length (um) 91.6 -

Surface density (um/mm?) 553.4 195

Severe microdamage accumulation was observed in the present case compared with the
27 cadavers assessed by Norman and Wang [11].

Table 2
Histomorphometric analysis of iliac cancellous bone.
Present case  Chavassieux Recker
etal? etal®
Cancellous bone volume (%) 232 16.6 19.6
Osteoid volume (%) 0.005 - 0.36
Osteoid volume/ 0.023 0.12 12
bone volume (%)

Osteoid surface/bone surface (%) 1.15 1.5 14
Eroded surface (%) 0.47 13 3.66

Bone turnover was severely inhibited in the present case compared with the cases of
Chavassieux et al. [13] and Recker et al. [12].

2 Seventeen postmenopausal women with osteoporosis who received alendronate
(10 mg) for 3 years.

Y Thirty-four postmenopausal women.
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