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Abstract

Bone fracture occurs in stroke patients at different times
during the recovery phase, prolonging recovery time and
increasing medical costs. In this review, we discuss the
potential risk factors for post-stroke bone fracture and
preventive methods. Most post-stroke bone fractures
occur in the lower extremities, indicating fragile bones
are a risk factor. Motor changes, including posture,
mobility, and balance post-stroke contribute to bone loss
and thus increase risk of bone fracture. Bone mineral
density is a useful indicator for bone resorption, useful
to identify patients at risk of post-stroke bone fracture.
Calcium supplementation was previously regarded as a
useful treatment during physical rehabilitation. However,
recent data suggests calcium supplementation has a
negative impact on atherosclerotic conditions. Vitamin D
intake may prevent osteoporosis and fractures in patients
with stroke. Although drugs such as teriparatide show
some benefits in preventing osteoporosis, additional
clinical trials are needed to determine the most effective
conditions for post-stroke applications.
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density; Stroke; Osteoporosis
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Core tip: Post-stroke bone fracture negatively impacts
stroke recovery, prolongs hospital stays, and increases
economic cost. Stroke, osteoporosis and bone fracture
share common risk factors. The main risk factors for post-
stroke bone fracture include aging, osteoporosis, and loss
of posture control. Bone mineral density measurement
may identify patients who are at risk of post-stroke
bone fracture. Drugs and supplements, such as vitamin
D and teriparatide, can be tested in clinical settings
for prevention of post-stroke bone fracture. Although
bisphosphonate’s incur side effects, they are considered
first-line drugs to prevent post-stroke bone fracture.
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INCIDENCE OF POST-STROKE BONE
FRACTURE

Aging, smoking, hypertension and lack of physical
activity contribute to osteoporosis bone fracture and
stroke. Although strokes can occur at any age, they
mostly occur in older age, which may due to reduction
in bone density™. Only one fourth of strokes occur in
people under the age of 65", The prevalence of stroke
more than doubles each decade after the age of 55.

Stroke and bone fracture share common risk factors.
Individuals with a greater risk of stroke are also more
prone to osteoporosis and fractures. Risk factors for
post-stroke bone fracture include osteoporosis, aging,
and loss of posture control. Osteoporosis is the main
risk factor of bone fracture, with increasing prevalence
worldwide. In the United Kingdom, over half of women,
and one-fifth of men over age 50, will sustain a fragility
fracture®.

The risk of bone fracture post stroke is under-
estimated because it is often considered secondary to
falling, especially among elderly. Previously, 534 elderly
persons were assessed over 2 mo, results revealed
that stroke was influenced by physical factors including
falls™, A fracture post-stroke puts the patient at a
greater disadvantage during rehabilitation, and greatly
affects the quality of life after recovery.

RISK FACTORS OF POST-STROKE BONE
FRACTURE

Stroke patients are highly susceptible to bone fracture™..
They have a 2 to 4-fold increased risk of hip fractures,
which carries a high mortality rate in the elderly™.
Changes in walking posture, skeletal weight load, and
bone maintenance have been studied as risk factors for
poor post-stroke bone health'”), Other factors include
low bone mineral density (BMD), loss of balance, inap-
propriate gait, and muscle deformation®™. In order to
predict the risk of falls and fractures in stroke patients,
we must take into account not only structural changes,
but also functional disability.

Post-stroke fractures are of particular concern given
the impact on functional outcomes of stroke rehabilitation.
Functional impairment of stroke is commonly measured
using two scales, the barthel index (BI) and modified
Rankin scale (mRs). Both assessment scales place
stroke patients with differing functional capabilities into
categories, describing a level of independence or need
for medical assistance. The BI is a measure of functional
independence on ten activities of daily living (ADL). The
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mRs measures global disability of a patient. Harrison et
al®! studied the effectiveness and drawbacks of each
scale and drew the conclusion that while all scales had
weaknesses, certain types of disability were reliably
assessed by these scales.

The level of functional impairment may be useful in
estimating risk of falls. In a study of 135 elderly stroke
patients, Nyberg et al'*”! developed a fall prediction
index that classifies patients into low-, intermediate-,
and high-risk groups. The index includes male sex, poor
ADL performance, urinary incontinence, bilateral motor
impairment, impaired postural stability, visuospatial
hemi-neglect, and use of diuretics, anti-depressants
or sedatives as factors in increased falling™®. A com-
prehensive index for assessing the risk of falls is vital
to reliably predict the possibility of post-stroke bone
fracture.

In addition, weak bones are a risk factor for post-
stroke bone fracture. Hospitalization of stroke patients
suffering adverse changes in motor function and body
composition leads to long-term increase in fracture
risk™. Although BMD decrease is common in stroke
patients > 65 years, studies have demonstrated that
BMD loss in paretic limbs are greater than their non-
paretic counterparts, such as the arms. Interestingly,
vitamin D deficiency causing osteopenia seems to be a
possible mechanism™. Bone loss progresses rapidly in
the acute stages of stroke!™®!, with the most dramatic
changes seen in the first few months™. By measuring
the magnitude of changes to volumetric BMD after stroke
in a prospective study, Borschmann et af™>! found a 7%
difference in total volumetric BMD between paretic and
non-paretic distal tibiae 6 mo post-stroke, with lower
density on the paretic side. Another study showed that
while immobility does increase bone loss, stroke patients
who maintained their ability to walk had a 3% decrease
in BMD. This suggests that stroke itself is a risk factor
for bone loss and fragile bones. Therefore, more studies
are needed to better understand the influence and
underlying mechanisms of stroke on BMD loss, as well as
to develop preventive methods.

Biochemical markers related to bone turnover can be
used to evaluate bone health and risk of bone fracture.
Haddaway et ai'*® showed that stroke patients older
than 60 years displayed much earlier bone resorption
(a process of bone breakdown) when compared with
normal individuals, supporting the idea that bone
remodeling is correlated with post-stroke bone fragility.
Bone turnover in elderly women was inversely correlated
with bone density at the hip on both hemiplegic and
normal sides, which may adversely influence bone
fracture. Serum biomarkers, such as osteocalcin (OC),
bone alkaline phosphatase combined with BMD analysis
better predict than physical exam alone. Early evaluation
of bone turnover could help identify bone loss in stroke
patientst”.

Motor changes, including posture, mobility and
balance are also factors associated with bone loss. Chang
et al'® compared the femoral neck bone loss in hemi-
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paretic patients with high or low weight-bearing on the
paretic lower limb. The study showed that patients with
lower standing weight placed on their paretic limb (<
50%) had faster bone loss and BMD reduction during
the follow-up period (= 6 mo) compared with those who
bore more weight (> 50%). The proportion of weight
bore by the paretic leg was related to the BMD, indicating
that reduced weight bearing is a predictor of bone loss
in stroke patients™®, Although results from a study by
Melton et af*”! suggested that skeletal weight load is not
an independent factor of bone loss, the effect of reduced
skeletal weight load may be more pronounced in paresis.
Immobility is also associated with increased bone loss in
stroke patients, with wheelchair-bound patients showing
a 4-fold loss in BMD (13% to 3%) compared with
ambulating patients'®’. Together, these factors amplify
the fragility of bones in patients undergoing rehabilitation,
leading to osteoporosis®*.

Of course, some stroke patients are at a higher risk of
having bone fractures than others. For example, a study
by Ashburn et al*?! revealed that patients who were
physically unstable (experienced near-falls), with upper-
limb functional impairment, were at higher risk of falls.
This suggests that proper arm function can prevent falls,
as patients are able to support themselves using their
arms. Interestingly, stroke survivors without functional
impairment had significantly higher risk of fragility
fractures in legs compared with arms. However, stroke
survivors with functional impairment had no prevalence
of fracture on any specific site of their body'>..

Prevention of fractures is of utmost concern, as post-
fracture care can be long-term and strenuous, especially
for stroke patients. Physical rehabilitation is essential
for maximum motor recovery. Post-stroke rehabilitation
includes re-learning of basic movement skills and
other common activities. To perform daily activities,
patients must recover balance, muscle strength, and
movement. Early and consistent physical rehabilitation
is key in achieving the most favorable results™®*, Having
a fracture post or pre-stroke can put the patient at
a greater disadvantage in their rehabilitation, and
negatively affects their quality of life®. Bone fractures
on the paretic side can be especially detrimental, as
damage to the structure of the paretic limb complicates
motor recovery.

There are many factors affecting the outcome of
rehabilitation, including, but not limited to, the type
of stroke lesion, age of the patient, previous lifestyle,
rehabilitation, exercise and mobility'**). Recent systematic
reviews and meta-analyses show that in rat models,
exercise was associated with decreased lesion volume
and improved functional outcomes®”?*), Studies also
showed that early mobilization had a strong positive
correlation with favorable outcomes in patients™®®3,
Despite the acceptance among studies on the positive
effect of early mobilization, analyses of randomized-
controlled trials comparing first-day and second-day
mobilization on functional outcomes (good functional
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outcomes were mRs scores < 2) showed little difference
between the groupst®?. Future trials should define proper
mobilization times at different functional impairment
levels.

Patients with conditions that affect bone loss pre-
stroke suffer more complications post-stroke. The effect
of stroke on BMD has been independently observed in
patients with pre-stroke osteoporosis®®. Older women
often experience bone loss after menopause, which is
further exacerbated by stroke. In men, subjects with pre-
stroke osteoporosis (due to aging or otherwise) suffer
similar consequences of stroke, but given that most
clinical trials have focused on menopausal women, male
subjects are often neglected in studying osteoporosis.

The independent interaction of stroke on bone
density may be difficult to observe due to the presence
of multiple factors. Therefore, the multi-factorial cha-
racter of post-stroke bone fracture needs to be studied
deeper to determine possible interventions.

It is also interesting to note that there is a two-way
interaction between stroke and bone health. Stroke
leads to low BMD, and low BMD increases the risk of
stroke® 1, A prospective investigation conducted
between 1997 and 2000 evaluated the relationship
between BMD and incidence of stroke in 14290
participants. The study showed that the risk of stroke
increased in low BMD individuals. The findings indicated
that BMD predicted the risk of stroke, especially in
women®®.. It has also been shown that vertebral fracture
occurs more often in first time-stroke patients that have
low pre-stroke BMD. Therefore, low pre-stroke BMD
poses a greater risk of fracture, resulting in additional
functional loss'*”). Hypertension is also a major risk fac-
tor for stroke. Elderly persons with shorter stature and
lower BMD have been associated with increased arterial
stiffness and hypertension. Therefore, this population
could be at higher risk compared with the general
population for post-stroke bone fracture!®®,

Low estrogen level is correlated with reduced BMD. At
menopause, decreased estrogen leads to a rapid loss of
BMD and increased incidence of bone fracture in women.
Estrogen plays a key role in regulating bone mass and
strength by controlling the activity of bone-forming
osteoblasts and bone-resorbing osteodasts®”. Therefore,
post-menopausal women are more likely to develop
osteoporosis, and thus have an increased risk of bone
fractures. According to statistical data obtained from
the International Osteoporosis Foundation, osteoporosis
causes more than 8.9 million fractures worldwide
annually, resulting in an osteoporotic fracture every three
seconds™”.

Using anti-depressants on stroke patients may increase
the possibility of post-stroke bone fracture. Stroke patients
commonly suffer from secondary disorders, such as
depression, that may affect bone health. Anti-depressants,
in particular selective serotonin reuptake inhibitors
(SSRIs), have been correlated with an increased risk for
osteoporosisi*!), The assodiation of fracture incidents and
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antidepressants was studied using data from the Canadian
Multicenter Osteoporosis Study in a prospective randomly
selected population-based community cohort™*. Among
6645 subjects, 192 (2.9%) were using SSRIs and/or
serotonin and noradrenaline reuptake inhibitors (SNRIs)
at baseline. During the 10-year study period, SSRI/SNRI
use was associated with increased risk of fragility fracture
(HE = 1.88; 95%CI: 1.48-2.39). Therefore, more
attention and care should be given when prescribing anti-
depressant drugs to patients.

Although current evidence on the impact of stroke
on bone health seems contradictory, what is clear is that
risk of bone fracture and stroke are strongly correlated.
However, whether stroke is an independent factor for
BMD loss, due to motor function changes, is unknown.
To prevent bone fracture, methods and treatments to
reduce bone loss in stroke patients should be researched.
A clear time frame for physical therapy, especially
early mobilization, is important in long-term recovery.
Patient fall prediction indexes can be developed further,
and rehabilitative measures would function better
when tailored to different risk grades. Ultimately, while
evidence strongly supports the effectiveness of general
rehabilitation, a deeper understanding of treatment
response should be prioritized.

ASSESSMENT OF POST-STROKE BONE
FRACTURE

In this section, we discuss treatment options available
today as well as assessments to minimize the risk of
bone fractures and to optimize post-stroke recovery.
Given that osteoporosis is a predictor for stroke and
bone fractures, the majority of the following discussion
is focused on management of this condition.

Calcium is a major component of bone, supple-
mentation of calcium is regarded as a possible solution
for preventing post-stroke bone fracture. However,
there is conflicting data on the effectiveness of calcium
supplementation. Some evidence shows calcium intake
has adverse cardiovascular effects, raising widespread
concern. However, a recent study showed dairy products
do not increase the risk of cardiovascular disease,
particularly low fat versions. Therefore, dairy products
could be a good resource for calcium intake™?.

Recent studies have shown that increasing the
intake of calcium does not reduce osteoporotic fracture
rates*”. A prospective longitudinal cohort study revealed
that gradual increases in dietary calcium intake above the
first quintile in female population were not associated
with further reductions to the risk of fracture or osteo-
porosis'**, If these findings are true, then taking
calcium will not prevent osteoporosis. Instead, it may
increase the risk of developing cardiovascular problems
long term.

Alternatively, other studies have shown that calcium
supplementation does not increase carotid artery intimal
medial thickness or carotid atherosclerosis*®’. Thus, the
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impact of calcium intake on osteoporosis is not clear.
Until more confirmatory data are available, physicians
should not stop prescribing calcium supplements to
their patients'”. The appropriate intake amount varies,
ranging 800-1500 mg/d"*®!. Some sources recommend
calcium supplementation not exceed 1200-1500 mg/d.
A study by Khan et af*” found that to decrease fracture,
non-fatal CVD, stroke, and all-cause mortality risks in
both men and women, a specific dose of 1348 mg/d is
optimal.

Given no clear consensus on proper calcium dosage,
early screening and active management of osteoporosis
at the acute stages of stroke are critical®”’. One of the
best predictive factors for osteoporosis is BMD, and
it should be measured on all stroke patients. Dual-
energy X-ray absorptiometry (DXA) is a primary
tool that accurately evaluates BMD. According to the
United States Preventive Services Task Force, women
over the age of 65 should get a DXA scan, men are
recommended to get the scan at age 70®”. At risk
individuals should also get the scan performed. Risk
is determined using the World Health Organization’
s Fracture Risk Assessment Tool, a diagnostic that
evaluates the 10-year probability of bone fracture
risk. Clinical risk factors assessed include prior fragility
fracture, parental history of hip fracture, current tobacco
smoking, long-term use of glucocorticoids, rheumatoid
arthritis, other causes of secondary osteoporosis, and
daily alcohol consumption®,

There are 2 DXA scan methods, a central DXA that
scans the hip and lower spine, and a peripheral DXA
that most often scans the heel. A study showed the
heel BMD can serve as a surrogate for hip BMD®?, BMD
measurements, used concomitantly with the Tinetti Test
(TT), or Performance Oriented Mobility Assessment,
provide a useful indication for those needing early
prophylaxis against bone loss. The TT is a solid predictor
to assess balancing ability of post-stroke patients. It was
created to screen for balance and mobility skills (gait) in
older adults, and determines the likelihood of falls. This is
especially important in hemiplegic stroke patients. Using
a 3-point scale, a score less than 19 indicates a high
risk for falls, and scores between 19 and 24 indicate a
moderate fall risk™*, However, it is difficult to assess with
specificity on a 3-point scale®". This test is not useful on
post-stroke patients that are bed-ridden.

A more reliable assessment is the Timed “Up and Go
Test” (TUG). It is the shortest, simplest clinical balance
test. A stop-watch timer is more objective compared
with a rating scale used in the TT*., In a cross-sectional
study performed by Ng and Hui-Chan, the TUG test
showed excellent reliability (ICC > 0.95). Subjects with
chronic stroke were found to have more significant
spastic and weaker plantar flexors, slower walking
speeds, and poorer walking endurance when compared
to healthy elderly subjects (all P < 0.003)"°.

With the balancing ability assessed by either the TT
or TUG, the severity of disuse on the hemiplegic side of
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post-stroke patients can be determined. This disuse of
the hemiplegic side in stroke patients results in bone-
mass reduction, especially in the presence of vitamin D
deficiency™”. By comparing BMD, serum concentrations of
intact parathyroid hormone (PTH), OC, tartrate-resistant
acid phosphatase, 25-hydroxyvitamin D (25-OHD), and
calcium levels between healthy and post-stroke patients,
BMD values were lower on the hemiplegic side compared
with the non-hemiplegic side. Vitamin D deficiency and
compensatory secondary hyperparathyroidism stimulated
skeletal turnover is an important cause of osteopenia in
the hemiplegic limbs of stroke patients. This suggests that
administration of vitamin D supplements is beneficial in
stroke patients to reduce fracture risk.

In addition to increasing risk of bone fractures,
vitamin D deficiency in post-stroke patients may also
cause a variety of issues in hon-stroke patients. Vitamin
D deficiency impairs gastrointestinal absorption of
calcium and bone mineralization, muscle strength,
and is also associated with muscle mass loss, which
contributes to an increased risk of fall®®. Furthermore,
vitamin D deficiency is a risk factor for strokes due to
the associations of low 25-OHD levels, particularly in
the presence of arterial hypertension™, Vitamin D also
exhibits neuroprotective, as well as neuromuscular and
osteo-protective effects, which may reduce cognitive
and functional impairments in stroke patients. However,
current evidence is too scarce to draw any conclusions.
Further evaluations are needed to confirm the effect
of vitamin D treatment in reducing stroke associated
mortality and morbidity.

While vitamin D supplementation is important in
patients who have osteoporosis, there is conflicting
evidence showing that vitamin D does not prevent oste-
oporosis in healthy individuals. In a meta-analysis from
2014, the effects of vitamin D supplements on BMD were
found to have no significance’™. However, some studies
showed that vitamin D with co-administration of calcium
significantly improved BMD and thus, reduced the risk of
falling in elderly patients™".

Another strong indicator for osteoporosis is serum
OC, which is associated with bone tumover. By examining
serum total osteocalcin (TOC), carboxylated osteocalcin
(COQ), and their ratio (COC/TOC), data show serum
COC concentrations, especially COC/TOC, predicted
the occurrence of fractures in the elderly®®. Thus, low
COC/TOC is directly correlated with risk of fracture. Bone
turnover can be further evaluated using serum urinary
cross-linked N-telopeptide of type I collagen (NTX), a
reliable bone resorption marker in patients with metabolic
bone disease. According to a study performed by Maeno
et al®®, patients in the highest quartile of serum NTX
concentrations exhibited rapid bone loss rates, with a
sensitivity and specificity for detecting the rate of 48% and
83%, respectively.

Therefore, assessment instruments, such as the TT,
TUG test, DXA scan, serum NTX, and COC/TOC levels,
as well as supplements such as calcium and vitamin D,
are important in identifying and preventing osteoporosis
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and fractures in patients with stroke. If preventive
measures against osteoporosis are not well managed,
or if a person already has osteoporosis, the treatment
goals should be to minimize further bone loss and
prevent osteoporotic fractures.

PREVENTION AND ADDITIONAL
MANAGEMENT

Osteoporosis is a devastating disorder that impairs bone
strength, causing an increased risk of fracture. It is
usually diagnosed by assessing BMD via the DXA scan,
and is defined by the World Health Organization criteria
as a BMD T-score of 2.5 standard deviations or more
below the average of a young, healthy person™?.

Most studies show that mitigation of osteoporosis
prevents post-stroke bone fracture. Hemiplegic patients
and severe stroke patients will experience bone
remodeling. A study by Ramnemark et af*" in 1999, with
24 extensive paresis stroke patients, found that during
the first year after severe stroke, patients developed
pronounced hemi-osteoporosis. This was not associated
with general changes in lean or fat mass. The develop-
ment of hemi-osteoporosis was independent of weight
changes after stroke'®.

Currently, bisphosphonates are used to treat osteo-
porosis because these drugs slow bone breakdown due
to their strong affinity to skeleton, low toxicity to other
tissues and organs in the body, and ease of frequency of
administration'®. Alendronate, risedronate, ibandronate,
and zoledronate were found to reduce fracture risk
by 50% within the first year of therapy in both men
and women'®”), However, some studies suggest that
bisphosphonates may increase the risk of esophageal
cancer and cardiovascular diseases'®®, osteonecrosis of
the jaw, and subtrochanteric fractures'®’®. These side
effects seem likely to hinder the use and benefits of
bisphosphonates. Thus, bisphosphonates use should be
determined on a case-to-case basis.

Recent studies show that teriparatide, a synthetic
peptide that mimics the action of PTH, rebuilds bone and
reverses osteoporosis. A large, randomized, placebo-
controlled clinical trial found that postmenopausal
women with severe osteoporosis had reduced spinal
and non-vertebral fractures by more than 50% when
using teriparatide”*!. However, this trial was stopped
after controversy that teriparatide caused osteosarcoma,
a type of bone cancer, when injected into laboratory
rats”’?). Retrospective studies have found no significant
association between osteosarcoma and teriparatide, and
only 2 cases of osteosarcoma in PTH-treated patients
have been reported. The prevalence of osteosarcoma in
rats is likely due to the ever-growing epiphysis in rats.
Thus, teriparatide is contraindicated in children and
young adults whose epiphysis has not closed. Adults
that are pregnant, have risk of renal failure, or have a
history of radiation therapy should also refrain from using
teriparatide. Currently, teriparatide should be limited to
2 years, and is not encouraged to prevent osteoporosis,
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to treat mild osteoporosis, or by people who can take
other osteoporosis treatment”®.. The post-treatment
effect of bone loss is prevented by adding an anti-
resorptive drug after stopping teriparatide. Based on the
researches we already have, benefits of bisphosphonates
surpass disadvantages for not using them. Regardless
of bisphosphonate’s side effects, it is still a first-line drug
choice to prevent post-stroke bone fracture. However,
large scale randomized double blind clinical trials still
should be conducted in the further to explore a safe
preventive method for reducing bone fracture on post-
stroke patients.
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