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Abstract

Amputation results in mechanical unloading of a previously weight bearing limb with subsequent focal decrease in bone mineral density
(BMD), and the development of disuse osteoporosis. We report the case of a 44-year-old woman with a right above knee amputation
sustained three decades ago, who was subsequently diagnosed with severe osteoporosis in the right proximal femur. We discuss the
relative failure of established antiresorptive therapies to improve BMD above the site of the amputation, and the possibility that the
underlying pathophysiology of disuse osteoporosis is different from osteoporosis associated with aging and menopause. A review of
current literature suggests that an alteration in the secretion of sclerostin and parathyroid hormone (PTH) during mechanical unloading
may be partially responsible for the development of disuse osteoporosis. Specific anabolic agents such as monoclonal antibody to
sclerostin or recombinant PTH may be more effective than antiresorptive therapies to improve BMD and reduce fracture risk in patients

with disuse osteoporosis.
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Introduction

Osteoporosis is a common and well-recognized condition
characterized by low bone mass and an increased risk of
fragility fractures. Bisphosphonates are widely accepted as
the first line therapy for the management of osteoporosis
across the world. They have been consistently shown to
significantly reduce osteoporotic fracture risk associated
with aging and menopause [1, 2]. However, these potent
therapies appear to be relatively ineffective in the setting
of osteoporosis related to the disuse of a peripheral limb
[3]. We report the case of a 44-year-old Caucasian women
with localized osteoporosis in the setting of an above
knee amputation, and discuss the literature on potential
therapies for management of osteoporosis in this setting.

Case report

A 44-year-old premenopausal Caucasian woman was
referred to the Endocrinology clinic in the year 2000 for
assessment of her bone mineral density. This was on a
background of a right sided above knee amputation to the
level of the mid femoral shaft secondary to severe trauma
after a motorbike accident at age 15. Her hip anatomy was
unaffected by the accident, as noted on serial imaging. She
wore an above knee prosthetic leg for up to 10 hours each
day, and used axillary crutches at other times. She had

no other significant past medical history and there was
no family history of osteoporosis. We obtained informed
consent from the patient for publication of the article.

Bone density examination (DXA Lunar DPX-IQ) revealed
severe osteoporosis in the right proximal femur (Table 1).
Screening tests for secondary causes of osteoporosis other
than disuse, including celiac disease, calcium, phosphate,
25-hydroxyvitamin D and parathyroid hormone levels
were normal. Therapy was commenced with etidronate
(400mg daily for 14 days followed by Calcium Carbonate
500mg daily for 76 days in a repeating cycle) and monthly
cholecalciferol 1.25mg. She tolerated the oral etidronate
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well and her compliance was excellent. The more
effective bisphosphonate, alendronate, (70 mg weekly)
was substituted for etidronate when national funding for
alendronate became available in New Zealand in 2002.

Table 1 Bone density g/cm? at spine and both hips on consecutive DXA
scans.

2001 2002 2004 2008 2011
L1-L4 1.07 1.07 1.08 1.08 NA
Lt neck 0.83 0.85 0.9 NA 0.87
Rt neck 0.45 0.45 0.43 NA 0.23
Lt total 0.92 0.95 0.96 0.96 0.96
Rt total 0.41 0.39 0.36 0.26 NA

Etidro-  Alendro-  Alendro- Zolen-

Treatment nate nate nate drl\(A)m'te MHT

Abbreviations: Lt = left hip; Rt = right hip; NA = not available; MHT =
menopausal hormone replacement therapy.

Unfortunately, in 2004 (aged 48 years), she fell on to her
living room floor while attempting a transfer without
crutches or her artificial limb and sustained a comminuted
right intertrochanteric hip fracture, managed by closed
reduction and a minimally invasive plate and screw fixation
(Figure 1). Post-operative recovery was uncomplicated.

s . M

Figure 1 Right hip x-ray after plate and screw fixation.

Further decision making around management concen-
trated on the apparent relative lack of response to an
effective bisphosphonate in the presence of a low impact
serious fracture in a relatively young patient. In addition,
the presence of metal artifact in the right hip area has
rendered BMD measurements in this site difficult to
interpret.

Alendronate, temporarily discontinued during the period
of fracture healing, was resumed in 2005, together with
calcium and Vitamin D supplementation. Additionally,
menopausal hormone replacement therapy (MHT) (1 mg
beta estradiol daily and a Mirenaintrauterine progesterone
secreting device) was prescribed primarily for severe
menopausal symptoms, but with the possibility that
MHT could be beneficial for her osteoporosis. Parenteral
bisphosphonate (IV Zolendronate 5mg) was administered

in 2008. The patient has subsequently declined further IV
ororal bisphosphonate therapy but continued menopausal
hormone therapy. She has returned to previous mobility,
with instructions to use crutches or her artificial limb at all
times and there have been no further fractures to date.

Discussion

Osteoporosis is a systemic skeletal disease associated
with a significant risk of fragility fractures. Osteoporosis
is usually recognised in the setting of ageing, menopause,
and low body mass index, and in association with a
number of secondary conditions. However, osteoporosis
with subsequent increase in fracture risk in bone affected
by amputation of a weight bearing limb has attracted
little attention until recently. Our patient demonstrates
the severe osteoporosis that may be associated with
the amputation of a weight bearing limb and relative
ineffectiveness of established antiresorptive therapies
such oral and parenteral bisphosphonate therapy, and
hormone replacement therapy. BMD in sites other than
the right hip area has improved with therapy, whereas
there has been no response in BMD in the right hip, and
even an apparent deterioration post fracture, despite the
expected artefactual increase in BMD that is normally
seen with metal in this site. She has additionally sustained
a low impact hip fracture subsequent to therapy being
initiated. This woman's apparent unresponsiveness to
conventional osteoporosis therapy raises the possibility
that osteoporosis associated with an amputation is
associated with a different underlying pathophysiology
from osteoporosis related to aging and menopause.

Amputation leads to mechanical unloading of a previously
weight bearing limb. Mechanical unloading is also
observed in pathological immobilisations associated with
neurological or muscular diseases (such as stroke and
spinal cord injury), space travel or prolonged bed rest.
It has been well documented that absence of skeletal
mechanical loading leads to a decrease in bone mass,
called disuse osteoporosis [4]. A clinical and radiological
survey of bone and joint changes in 42 amputees found
that osteoporosis in the amputated limb is common, being
noted in 88% of amputees [5]. It has also been shown that
the total and cortical bone mineral density is significantly
lower at the end of the residual limb compared with the
intact limb for both above- and below-knee amputees [6].
Furthermore, a longitudinal study of hemiplegic patients
with stroke found that even a two month delay in return
to ambulation is associated with a significant loss of bone
mineral content, especially on the paretic side [7].

Osteoporosis associated with an amputation and other
models of disuse appears to be a local phenomenon [8],
occurring around sites of mechanical unloading. Under
conditions of normal mechanical loading, osteocytes
produce multiple signaling molecules, which stimulate
bone formation [9]. The canonical Wnt pathway, known
to have an important role in bone formation, appears
to play a critical role with data from both in vitro and in
vivo studies demonstrating an up-regulation of the Wnt
pathway after mechanical loading [10]. Sclerostin, a gene
product of the SOST gene is a signaling molecule expressed
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by osteocytes, which is a negative regulator of canonical
Wnt signaling. The canonical Wnt-induced responses in
mesenchymal cells are critically dependent on LRP5 and
LRP6 receptor signaling and sclerostin has been shown to
interact with these receptors to inhibit the Wnt pathway
[11-13]. The exact molecular mechanism, by which
sclerostin exerts its antagonistic effects on Wnt signaling
in bone forming osteoblasts, remains unclear. Mechanical
loading in rodents is associated with decreased sclerostin
levels [14] whereas the mechanical unloading of wild-
type mice up-regulates sclerostin and decreases Wnt/g-
catenin signalling [11]. In addition, SOST knock-out mice
have been found to be resistant to bone loss induced by
unloading [11]. Human studies in postmenopausal women
immobilized after a single episode of stroke have shown
high sclerostin levels, with a negative correlation with bone
formation markers [15]. This data supports the hypothesis
that, osteocytesincrease sclerostin secretionin response to
mechanical unloading which in turn inhibits the canonical
Wnt pathway, resulting in decreased osteoblast activity,
and bone formation.

Established therapies for management of osteoporosis
including bisphosphonates have not been efficacious in
our patient. However, given the putative inhibitory role
of sclerostin in mechanical unloading, therapy directed
at lowering sclerostin levels is clinically relevant. Anti-
sclerostin antibody administration in a murine model
of mechanical unloading completely prevented bone
loss and moreover, increased bone formation [16, 17].
In a Phase 2 clinical trial of osteopenic postmenopausal
women, monoclonal anti-sclerostin antibody therapy
achieved greater increases in BMD than either teriparatide
or alendronate [18]. There is no data (to our knowledge)
of monoclonal anti-sclerostin antibody therapy in humans
with disuse osteoporosis but should be considered for trial
when clinically available.

Intermittent use of parathyroid hormone (PTH 1-34) is
anabolic on bone and is another potential therapy for our
patient. PTH levels have been investigated in black bears
who maintain bone mineral content despite up to six
months of disuse while hibernating. PTH and osteocalcin
concentrations are higher post-hibernation relative to pre-
hibernation raising the possibility that anabolic actions of
PTH may be important in maintenance of bone mineral
content during hibernation [19]. Constitutive activation
of PTH/PTHrP receptor signalling in osteoblasts, an action
likely to mimic PTH administration, suppresses unloading-
induced bone loss in Col1a1-caPPR transgenic mice [20].
The anabolic effect of PTH on bone may in part relate to
PTH mediated down-regulation of sclerostin expression
by osteocytes [21]. In humans, one small study (n = 7) has
demonstrated that while PTH levels decreased in healthy
men exposed to 90 days of bed rest, serum sclerostin levels
increased [22]. Taken together, current evidence indicates
that PTH may be involved in bone remodeling associated
with disuse, and may in part mediate this effect via change
in sclerostin levels.

Conclusion

Disuse osteoporosis occurs due to unbalanced bone
remodeling, with a decrease in bone formation. Current

research strongly supports the likelihood that alterations
in the levels of sclerostin and possibly parathyroid
hormone are involved in the pathogenesis of bone loss
related to mechanical unloading. This raises the possibility
that anabolic therapies such as monoclonal antibodies to
sclerostin or recombinant PTH may be potential therapeutic
options for our patient. In the interim, as prolonged
bisphosphonate use appears to have been relatively
ineffective and may increase our patient’s risk of atypical
femoral fracture, which would seriously impair her current
independence and mobility, we have not recommended
further bisphosphonate treatment.
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