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    Chapter 11   
 Falls and Osteoporosis Post-Stroke 

           Frances     Dockery       and     Peter     Joseph     Sommerville    

    Abstract     Falls are a common and serious, but potentially preventable, problem after 
stroke. Avoiding falls requires balance, which is a fl uid and dynamic physical skill. 
There are a number of perceptual, neurological, and mechanical mechanisms underly-
ing our ability to balance, and they are complex and heterogeneous. Depending on 
where strokes occur in the brain, balance may be affected in different ways. It is impor-
tant to identify stroke patients who are at risk of falls in order to optimize prevention, 
and a number of stroke-specifi c risk factors have been identifi ed, but the available 
assessment scales have only limited sensitivity and specifi city. If management of falls 
risk in stroke is to be effective, assessments have to identify the precise and individual 
mechanisms underlying balance problems, and then specifi c management has to be 
targeted at these defi cits. The consequences of falls after stroke can be severe and 
include loss of confi dence and loss of independence, as well as serious injury including 
fractures. Stroke patients are at greater risk of osteoporosis, particularly on the hemiple-
gic side, which occurs rapidly following paresis. Management of falls risk post-stroke 
should also include timely assessment of bone health and the associated fracture risk.  

  Keywords     Falls   •   Fear of falling   •   Exercise   •   Fracture   •   Osteoporosis   •   Bone 
 mineral density  

 Key Messages 
•     Following a stroke, falls risk is increased over and above the falls risk asso-

ciated with ageing.  
•   The assessment of stroke patients who are at risk of falls should be multidis-

ciplinary, so too should the delivery of interventions designed to prevent them.  
•   Bone density is lost rapidly in the hemiparetic limb following a stroke, 

with resultant increased fracture risk.  
•   Along with osteoporosis drug treatment, exercise, nutrition, and address-

ing falls risk are important strategies to reduce fracture risk.    
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              Incidence of Falls After Stroke 

   Epidemiology 

 Falls are common at all stages after stroke. Studies have reported that between 22 
and 39 % of people with stroke fall at least once during their inpatient stay in reha-
bilitation units, and that falls rates in stroke patients are between 3.4 and 17.8 falls 
per 1,000 patient days [ 1 – 5 ]. This compares with average fall estimates of between 
2 and 7 falls per 1,000 patient days in the general inpatient population. At fi rst 
glance, these numbers may seem surprisingly high. One possible explanation for 
this is that inpatient stays for stroke patients are of relatively long duration and the 
accumulated day-by-day risk over time leads to these high incidences. However, 
analyses of falls rates over time in inpatients lend support to the notion of added 
extra risk attributable to stroke. The risk of falls in stroke is not restricted to a hos-
pital setting. At 6 months, the incidence of falls has been observed to be between 37 
and 73 % [ 6 – 9 ] and studies that assessed falls rate in patients who had a stroke over 
a year previously have found higher incidences compared with non-stroke controls 
(36 % vs. 24 % in one study and 23 % vs. 11 % in another) [ 10 ,  11 ].  

   Circumstances of Falling 

 The existing literature on falls in stroke has, in many cases, taken care to analyse 
what people were doing and where and when they fell. Studies in inpatient acute 
and rehabilitation care settings [ 1 ,  4 ,  5 ,  12 – 14 ] have reported that falls commonly 
occur beside the bed or in the toilet/bathroom area. This may be because people 
spend much of their time in these areas while they are inpatients. However, these are 
also places where people often make transfers. Broadly similar patterns have been 
observed in community settings [ 6 ,  10 ,  11 ,  15 ,  16 ]. After discharge from hospital, 
falls occur most often during the day, and most often in the home. The lounge, bed-
room, and garden are the places where falls occur most frequently and the most 
likely activities at the time of falling are walking or transferring.  

   Why Strokes Lead to Falls 

 Falls are common in the frail older person. Since 75 % of stroke patients are older 
than 65 years of age, many reasons for older people to fall impact on stroke survi-
vors falling. Examples include generally decreased muscle strength and postural 
refl exes, impaired sensory systems such as vision, less dynamic blood pressure 
responses to changes in posture, joint disease, cognitive impairment, reduced reac-
tion time, and incontinence. However, strokes can lead directly to falls because of 
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the vital role almost every part of our brain plays in maintaining our balance. 
Balance itself is a highly complex and dynamic skill. Even when standing still, there 
is a constantly activated feedback loop that keeps us upright—a simple observation 
that underlines this fact is that everyone, when standing, exhibits a certain degree of 
natural postural sway. In some this is barely noticeable, and in others it is more 
marked (measurements of sway have been reported as a predictor of falls in older 
people) [ 17 ]. As we stand, our sway is continuously registered by our propriocep-
tive, vestibular, and visual systems. Next, the information is processed by our cen-
tral nervous system. Finally, small and accurate compensatory movements occur, in 
particular in the muscles of the lower legs and feet, to correct the sway and restore 
the centre of balance to a central position. 

 The problem of balance as we locomote around and interact within the world is 
greater still. Walking and not falling is a skill that takes years to learn because it is 
so complex. In order to walk in a balanced way, multimodal sensory information 
about speed, direction, limb position, and body tilt must be combined in the brain 
with information about the environment, including the surface underfoot and obsta-
cles in our way. This information is then used by the brain to produce a motor 
response—this has to be smooth, fl uent, and precise so that as our centre of gravity 
pitches to and fro with every step, our legs provide just the right amount of force in 
exactly the right direction to keep us moving forward in an upright position. The 
same considerations apply to every movement we have learnt to make, from walk-
ing up a step and rising out of a chair, to getting into a car. To balance we must also 
be able to compensate for the unexpected—whether catching a toe on a fl oor-level 
obstacle or being pushed by an impulse at the shoulder, we can only stay on our feet 
by rapid and accurate corrective movements. To avoid falls we must also use our 
memory and executive abilities, for example: To navigate a familiar environment in 
poor lighting conditions such as a nocturnal visit to the bathroom, we must use 
spatial memory about the location of obstacles and room layout to plan the safest 
route. 

   Anterior Circulation Strokes 

 Hemiplegia is the most common result of a stroke in the motor cortex. If a limb is 
too weak, it is less likely to be able to compensate when called upon to provide a 
crucial extra impulse in response to an unexpected change in the centre of gravity. 
A weak leg is less likely to be able to maintain extension during the stance phase of 
walking, which can lead to buckling at the knee and a loss of stability. Decreased 
foot clearance during the swing phase, whether from weakness at the hip, knee, or 
ankle can result in tripping. A weak arm may not generally impede normal locomo-
tion, but if someone uses a walking aid, they are recruiting their arm into helping to 
provide a larger base on the fl oor. The weaker the arm, the less stable the base and 
the less tolerance to unexpected forces. In a near-fall situation, it is often the arm 
that steadies balance, whether on a piece of furniture or a hand rail. A weak arm, in 
this situation, is less likely to save a person from falling. 
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 Frontal lobe strokes may affect the prefrontal cortex and may affect executive 
function and lead to poor planning and initiation of movement, which would lead to 
unsafe mobilization and risky decisions. Also within the frontal lobe, the premotor 
and supplementary motor cortices have an important role in representing complex 
sequences of movements. If the premotor or supplementary motor cortices are 
affected by stroke, it could lead to an inability to execute the complex movements 
involved in gait and lead to instability. Gait apraxia is sometimes seen in these 
patients, which may also contribute to falls risk. 

 A stroke affecting the sensory cortex could cause problems with joint position 
sense on one side. If proprioception in a limb is affected, it is unlikely to be able to 
sense the subtle dynamic changes in joint position which must be called upon to 
inform our balance mechanisms. This might be especially problematic if there is an 
unexpected obstacle underfoot. Proprioception in the upper limbs is also important 
for balance because patients often need to use their arms to help with transfers, to 
use walking aids, or to reach out to steady themselves if they overbalance. 

 Strokes affecting the posterior parietal cortex can often lead to visual or sensory 
inattention or neglect. A patient neglecting one side is more likely to encounter unseen 
obstacles on that side and may trip and fall. In addition, neglect of one side can cause 
problems with recognition of a problem on that side, which makes rehabilitation, and 
the re-learning of balanced gait, diffi cult. Posterior parietal strokes can lead to topo-
graphical disorientation, or topographical agnosia, as the systems underlying the men-
tal map of the environment break down. These patients may not be able to represent 
accurately the layout of environments, especially if they are unfamiliar. They will then 
be more vulnerable to falls as they encounter unfamiliar or unexpected obstacles. 

 Strokes affecting the deep brain structures, such as the basal ganglia, can also 
interrupt sensory or motor pathways, causing problems with proprioception and 
hemiplegia as described, or may result in extra-pyramidal symptoms of bradykine-
sia, stiffness, and tremor leading to a decreased ability to compensate during 
dynamic movements.  

   Posterior Circulation Strokes 

 If the occipital cortex is affected, or indeed any of the optic radiation, visual fi eld defi -
cits may result. This causes patients not to see obstacles in an aspect of their visual 
fi eld; often one quadrant or one half. They may be able to compensate for this to vary-
ing degrees, partly dependent on the attention they are able to pay to the affected side. 
More profoundly affected may be patients with bilateral occipital cortical damage, 
which can result in an inability to see anything at all (although some movement per-
ception may be preserved). This phenomenon is known as cortical blindness. These 
patients self-evidently will have problems seeing where they are going and be more at 
risk of falls. The visual pathway takes information from the optic nerves to the poste-
rior occipital lobe, and then back into “higher order” visual processing areas in the 
so-called ventral and dorsal streams. The dorsal stream, which includes the superior 
occipital and posterior parietal lobes, is particularly involved in the perception of 
depth and movement. Strokes in this area can lead to impaired depth 
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perception—these patients may have increased diffi culty staying balanced in physical 
tasks that involve a representation of how far away something is. Examples would 
include stepping over an obstacle, climbing a step or over-/under-shooting a handle or 
bannister. 

 Brainstem lesions may cause hemiplegia or hemisensory loss from their inter-
ruption of ascending or descending pathways, or may cause gaze palsies resulting in 
diffi culty tracking motion, increasing falls risk. A patient with diplopia will have 
problems forming the unifi ed visual image and this may impair depth perception 
with an effect on falls risk as outlined above. However, the brainstem is also the 
centre for the integration of vital information from the vestibular system. Neurones 
in the vestibular portion of the eighth cranial nerve synapse at four vestibular nuclei 
in the superior medulla and inferior pons. From these nuclei, some motor neurons 
travel in the lateral vestibulospinal tract to modulate postural adjustments in a 
descending refl ex arc. Meanwhile, many neurons travel directly to the inferior cer-
ebellum to reach the fl occulonodular node for the integration of vestibular informa-
tion for eye and head control, as well as control of axial muscles for balance. Some 
neurones from the vestibular nuclei link directly to oculomotor nuclei to mediate the 
vestibulo-ocular refl ex (causing our eyes to move in the opposite direction to our 
head to keep our visual percept stable). A stable visual percept is very important in 
balance as we rely heavily on “optic fl ow” (the expansion, contraction, or transla-
tion of an optical image on our retina) to obtain information about the movement of 
our head relative to the environment [ 18 ]. Patients with strokes affecting these path-
ways may have balance problems and exhibit saccadic abnormalities. 

 It may be seen, therefore, that strokes in the brainstem and cerebellum can be 
particularly ruinous to balance, with interruption of spinocerebellar, cerebrocerebel-
lar, and/or vestibulocerebellar pathways leading to ataxia, incoordination, and falls.   

   Muscle Tone 

 Following a stroke, the tone in muscles may change. Too little tone, and a limb is 
less able to support the weight put upon it, which may lead to postural instability. 
Patients with low tone in a limb may not be able to provide the fi rm, quick impulse 
of a stumble, required to correct an unexpected shift of the centre of gravity. On the 
other hand, too much tone results in a stiff limb which cannot exercise the dynamic 
changes in power required to mediate balance. In addition, the postural refl exes may 
be affected, and there may be too strong an efferent impulse in response to stretch.  

   Environment 

 The falls risk after stroke goes beyond particular physical impairments. Very 
often, stroke patients are hospitalized and may spend some days in bed. During 
this time and despite best efforts, they may suffer deconditioning and so when 
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they mobilize again they are less strong and less steady. Very often after a stroke, 
the usual environment of people changes, whether that is because they are in hos-
pital and unused to the physical layout, or they have been moved to different 
rehabilitation centre, or their home has been adapted in response to their changed 
care needs, or in some cases because they have had to go into residential care. 
They may have to use equipment, such as commodes, which they have not used 
before. The unfamiliar environment presents new physical challenges, and these 
may lead to falls, particularly at a time when motor functions are being 
re-learnt.  

   Psychological Factors 

 Good balance and falls avoidance after stroke depend on patients maintaining a 
certain level of mobility and pushing themselves to learn or re-learn motor skills. 
Doing these things requires a certain level of psychological health, but depression is 
common after stroke, and depressed patients may be less inclined to take on these 
challenges. Another psychological consequence of stroke may be fear of falling, 
which can itself lead to falls in the manner described below.  

   Drugs 

 Many of the conditions associated with stroke are treated with medications that can 
increase patients’ falls risk. Examples include antihypertensives that can induce cere-
bral hypoperfusion, often worse with standing, which can lead to light- headedness 
and balance problems; antidepressants such as tricyclic antidepressants (TCAs) that 
have been associated with clinically signifi cant orthostatic hypotension, cardiac 
rhythm disturbance and drowsiness; and antipsychotic drugs, used to treat agitation, 
that predispose to psychomotor slowing and extrapyramidal symptoms [ 19 ].  

   Incontinence 

 Urinary incontinence is common after stroke, as detailed in Chap.   8    , and is a recog-
nized risk factor for falls. This may be simply because underlying severe disability 
can lead to both incontinence and falls. However, if patients need to get up to go to 
the toilet frequently, or rush to avoid accidents, or have to change wet clothes too 
often, they may be at risk of falls. Further detail on this is discussed in the relevant 
chapter.   
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   Assessment of Falls Risk 

 It is useful to be able to predict which patients are likely to fall and quantify indi-
viduals’ falls risk. By identifying such patients, targeted falls prevention interven-
tions can be undertaken to help reduce risk. A number of studies have examined 
which patient factors are associated with falls (Tables  11.1a ,  b ,  c  and  d ). The studies 
vary in methodology, fi ndings, and conclusions and there is a dearth of randomized 
studies. Overall, it appears that in terms of impairments, visuospatial neglect and 
cognitive impairment seem to be most reliably associated with falls. Depression as 
a complication also seems to be an important factor. Fallers have consistently worse 
balance in the studies covered, and there is some data to suggest they walk slower. 
The data showing increased falling with lower functional performance indicates that 
patients’ disabilities may be more important that their impairments when it comes 
to falls prediction.

      These observations have led some researchers to devise tools that can be used 
to predict falls risk based on observable patient characteristics (Table  11.2 ). In 
general, no test has been found to have excellent sensitivity and specifi city for 
falling, but low Berg Balance scores have been found to be fairly good predic-
tors of falling in the community (especially when combined with a history of 
falls) [ 8 ] and in hospital [ 29 ]. Rapport et al. [ 32 ] reported that when a falls 
questionnaire was combined with neuropsychological tests of impulsivity, falls 
could be predicted in 80 % of cases of male right middle cerebral artery territory 
stroke survivors in a rehabilitation setting. Nyberg et al. [ 34 ] give a scoring 
system that is based on the data observed in their study which correlated signifi -
cantly with the fall risk, but this has not been independently validated. Part of 
the diffi culty in devising a test to predict falls in stroke patients lies in the fact 
that so many different factors may contribute to falls risk. A simpler test is 
likely to ignore important variables, whereas a more complex one may be 
unwieldy.

      Mitigating Falls Risk 

 The most compelling reason to understand and assess falls risk after stroke is to 
prevent people from falling. In the community-dwelling general elderly population, 
there is an established, evidence-based acceptance that certain interventions are 
effective in reducing falls. These include exercise programmes, prescribing modifi -
cation programmes, interventions for visual impairment, and home safety interven-
tions, as well as multifactorial assessments and interventions [ 35 ]. As described 
below, there is less evidence, however, supporting such interventions in the stroke 
patient population [ 36 ]. 
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   Physical Therapy and Exercises 

 Most stroke patients receive some form of physiotherapy and most stroke specialists 
would agree that physiotherapeutic interventions are key to restoring mobility and 
balance. After a stroke, ways of coping with defi cits have to be learnt, and it is 
unquestionable that in many patients supervised practice of physical skills will pro-
vide benefi ts. Physiotherapy helps to identify impairments in dynamic function as 

   Table 11.2    Validity indices for different tests in falls prediction over the duration of different 
studies   

 Clinical test  Investigator  Study period  OR 
 Sens 
(%) 

 Spec 
(%) 

 PPV 
(%) 

 NPV 
(%) 

 History of previous falls  Mackintosh 
et al. (2006) [ 8 ] 

 6 months  28  92  72  48  97 

 Berg Balance Score <50  Mackintosh 
et al. (2006) [ 8 ] 

 6 months  20  92  65  42  97 

 Berg Balance Score <50 
+ history of inpatient fall 

 Mackintosh 
et al. (2006) [ 8 ] 

 6 months  83  91  71  95 

 Berg Balance Score <45  Andersson et al. 
(2006) [ 26 ] 

 6–12 months  63  65  58  69 

 Berg Balance Score <30  Maeda et al. 
(2009) [ 29 ] 

 Mean 
83 days 

 80  78  NR  NR 

 STEP test score <7  Mackintosh 
et al. (2006) [ 8 ] 

 6 months  20  92  64  42  97 

 STEP score <7 + history 
of inpatient fall 

 Mackintosh 
et al. (2006) [ 8 ] 

 6 months  83  86  63  95 

 Slow gait <0.56 m/s  Mackintosh 
et al. (2006) [ 8 ] 

 6 months  6  58  81  47  88 

 Hemineglect  Mackintosh 
et al. (2006) [ 8 ] 

 6 months  3.8  50  79  40  85 

 STRATIFY score at 
baseline 

 Smith et al. 
(2006) [ 30 ] 

 6 months  NS  11  89  25  76 

 STRATIFY score at 
discharge 

 Smith et al. 
(2006) [ 30 ] 

 6 months  NS  16  86  38  66 

 Downton index >2  Nyberg et al. 
(1996) [ 31 ] 

 Median 
48 days 

 2.9  91  27  NR  NR 

 Fall assessment 
questionnaire + 
behavioural impulsivity 

 Rapport et al. 
(1993) [ 32 ] 

 NR  NR  NR  NR  80  NR 

 “Stops walking when 
talking” 

 Hydman et al. 
(2004) [ 33 ] 

 6 months  53  70  62  62 

 “Stops walking when 
talking” 

 Andersson et al. 
(2006) [ 26 ] 

 6–12 months  15  97  78  61 

 Timed up and go >14 s  Andersson et al. 
(2006) [ 26 ] 

 6–12 months  50  78  59  72 

   OR  Odds ratio,  Spec  Specifi city,  Sens  Sensitivity,  PPV  positive predictive value,  NPV  negative 
predictive value,  NR  not recorded  
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well as the ways in which patients physically compensate for the defi cits. Sometimes 
falls may result from the defi cits themselves and sometimes from the compensatory 
mechanisms (e.g., over-reliance on unaffected limbs to the extent that balance is 
affected, known as “pusher syndrome”). Physiotherapists can help teach patients 
adaptive and balanced ways of mobilizing so that they can reduce their falls risk. 

 Physiotherapists and occupational therapists both have an important role to play 
in determining what patients can and cannot do safely. This is vital to prevent falls 
in both inpatient and community settings. By setting guidelines about what patients 
should be doing on their own, and what they should be doing with supervision, what 
aids they should be using, and what mobilisation techniques they should employ, 
therapists can help ensure that the falls risk is minimized as long as patients are 
operating on a day-to-day basis within their recommended safe levels of function. 
Of course, if falls do occur it is mandatory to determine whether patients were oper-
ating within these recommended safe levels, or whether they were doing something 
over and above what had been recommended. In the case of a patient who falls 
despite following recommendations, further assessments may be warranted to 
determine if there was another unrecognized cause of the fall. In some cases, discus-
sion may need to take place about whether the previously agreed safe levels of func-
tion are actually still safe. Sometimes new, lower levels may need to be set, but of 
course this may compromise the independence of patient. The decision to do this 
would have to take place as part of a wider analysis of the patients’ goals and wishes 
as well as the overall direction of rehabilitation. Conversely, the management of a 
patient who falls after “giving it a go” with a risky and unrecommended manoeuvre 
is very different. The reasons that the patient has for taking the risk need to be 
sought in order to determine the approach to take. On the one hand, the patient may 
not be aware of the risk and require an explanation; alternatively, they might 
acknowledge the risk but go ahead anyway because of an urge for independence. In 
all these cases, an individualized approach needs to be taken, in order that the man-
agement plans can be tailor-made for each patient. In many cases, there is also a 
diffi cult balance to be struck between independence and safety. 

 A number of randomized controlled trials have addressed the question of whether 
falls can be reduced in stroke patients undergoing specifi c physiotherapeutic or 
exercise regimens. A small trial on early rehabilitation after stroke randomized 56 
patients to normal care or an intervention group that were mobilized in the fi rst 24 h 
post-stroke [ 37 ]. This intervention proved no less safe than normal care, but the 
rates of falls over the following year were no different. As previously discussed, 
falls are commonly seen while transferring. A study of 48 patients compared usual 
inpatient rehabilitation with a group who received extra sit-to-stand practice [ 38 ]. 
Although the intervention group’s sit-to-stand performance and quality of life 
improved, their falls rate remained unchanged. Another research group [ 39 ] gave 
patients a rehabilitation programme that included sit-to-stand training as well as 
training with a biofeedback device aimed at improving postural symmetry. Out of 
their 54 participants, they found that the intervention group suffered signifi cantly 
fewer falls than the controls who underwent a conventional rehabilitation pro-
gramme (42 % vs. 17 %,  p  < 0.05). 
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 A larger study [ 40 ] randomized 146 patients with mobility problems over a year 
after a stroke to receive either community physiotherapy or no intervention. At 6 
and 9 months, the intervention group had slightly better mobility and gait speed 
than the control group, but around 20 % of patients in both groups had fallen by 
these time points. Another community study [ 41 ] randomly assigned 61 patients to 
receiving either supervised agility training or Tai-Chi like stretching and weight-
shifting practice. Even though the agility group fell less than the stretching/weight-
shifting group (25 falls vs. 75 falls), this difference did not reach signifi cance 
( p  = 0.2). The agility group, whose training involved experimenter-induced standing 
perturbations, suffered signifi cantly fewer falls on an unexpectedly moving plat-
form. Yelnik et al. and Duncan et al. independently showed that falls were not 
reduced by a multi- sensorial approach to rehabilitation that included visual depri-
vation during exercise or by employing body-weight supported treadmill practice in 
place of home exercise including balance training [ 42 ,  43 ]. The latter study did, 
however, fi nd signifi cantly fewer falls in severely slow walkers who had balance 
training at home.  

   Medications 

 As previously discussed, commonly prescribed medications such as antihyperten-
sives, antidepressants, sedatives, and other psychoactive drugs can predispose to 
falls. Some medications, however, may actually help decrease risk. Studies have 
demonstrated reduced falls rate and risk with vitamin D provision to patients with 
low vitamin D levels [ 44 ]. This may be mediated by the effect that vitamin D has on 
increasing muscle protein synthesis and thereby enhancing muscle strength. A fur-
ther study showed an even greater reduction in falling from alendronate therapy com-
pared with vitamin D therapy [ 45 ]. These fi ndings have not however been replicated, 
and the putative mechanisms of a falls risk reduction with bisphosphonates are not 
clear [ 46 ,  47 ].  

   Interventions for Visual Impairment 

 Whilst randomized controlled trial data is lacking, there are a range of possible 
interventions for patients with visual fi eld defects, diplopia, or other eye movement 
abnormalities after stroke [ 48 ]. Some are proposed to work by restoring the visual 
fi eld (restitution); these aim to take advantage of the fact that patients with so-called 
cortical blindness can sometimes see moving objects in their affected fi eld. Other 
strategies compensate for the defi cit by changing behaviour, such as by training 
patients to scan across the visual fi eld. Others still aim to substitute for the visual 
fi eld defect by using a device or extraneous modifi cation such as a prism. Finally, 
eye patches may be useful in patients who have diplopia.  
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   Environmental Interventions and Equipment 

 A number of different environmental interventions are possible to try to help reduce 
falls risk with stroke patients. In the inpatient setting, chair alarms are sometimes 
used to alert nurses to patients getting up who may not be very safe to mobilize 
independently. Other strategies involve identifying patients at risk using alert badges 
at “board rounds” or alert wristbands. Inpatient environments should be well-lit 
with non-slippery fl oors and handrails that are easy to see. 

 Meanwhile at home, occupational therapy assessments are a key intervention in 
optimizing the environment to minimize falls risk. People’s homes may be messy 
with potential obstacles strewn on the fl oor. There may be slippery carpets or mats. 
The route to the toilet may be circuitous with bulky furniture in the way. These are 
things that are usually straightforward to fi x. At the same time, balance may be 
improved with the provision of hand rails in opportune locations. Devices such as 
stair or bath lifts may help people who might otherwise fall at these locations. A 
convenient commode may also reduce long and risky trips to the bathroom. A range 
of other pieces of equipment usually recommended by physiotherapists may also 
help people’s balance after stroke. Some, such as sticks or orthoses, aid mobility 
and increase the physical area of people’s support base. The evidence-base for these 
therapy-directed interventions is extrapolated from interventions to prevent falls in 
older people in the absence of stroke-specifi c data [ 35 ,  49 ].  

   Social Environment 

 People who are at risk of falls may have the risk attenuated to some extent by the 
presence of other people to help them. For example, a common time for falls to 
occur is during transferring. If people have the right help and supervision at these 
times, whether from friends and family or formal carers, falls can be avoided.  

   Urinary Incontinence 

 Since urinary incontinence is associated with falls, and the relationship may be 
partly causal, it follows that managing the incontinence can help manage the falls 
risk. This will fi rstly involve assessments to uncover the precipitating factors lead-
ing to incontinence and, secondly, specifi c management strategies aimed at amelio-
rating or removing those factors. Of course, the management of incontinence, as 
much as the management of falls, is multidisciplinary, and very often physiothera-
pists and occupational therapists are invaluable in devising and practising toileting 
regimens to avoid incontinence after stroke.  
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   Summary 

 A comprehensive evidence base from which to recommend particular interventions 
to reduce falls risk after stroke is lacking. It may be, however, that the evidence- 
based approach to falls reduction in the general older population can also be applied, 
to an extent, to stroke patients. This seems especially true of multifactorial interven-
tions that are based on multifactorial risk assessments. However, not all strokes 
occur in older age and the stroke population has specifi c, separate problems and 
defi cits that should be assessed and managed differently. 

 It is, however, fair to say that the fi rst step in the management of falls risk after 
stroke is to identify the antecedent factors that contribute to the falls risk in that 
particular patient. There are many such factors and especially in stroke, different 
members of the multidisciplinary team have complementary roles in bringing these 
factors to light, according to their specialty. Just as the assessment of risk is multi-
disciplinary, so is its management. Patients at risk of falls after stroke will benefi t 
from a coordinated approach to determine the most appropriate individualized inter-
ventions which can be applied by members of the different disciplines.   

   Consequences of Falls 

 Falls, when they do occur, can have severe consequences. Some are psychological, 
such as the development of a fear of falling, which can lead to its own complica-
tions. Others are due to injuries sustained at the time of fall, such as fractures or 
bleeding. People who fall and cannot get up for a long time may be at risk of hypo-
thermia, dehydration, pressure sores, or rhabdomyolysis. There is a burden on car-
ers of patients who fall and falls may lead to more stress for carers. Falls can lead to 
patients restricting the activities they do, and a resultant loss of independence. This 
can lead to reduced quality of life. 

   Fear of Falling 

 Fear of falling is increasingly recognized as an important determinant of morbidity 
after falling. It refers to anxiety about falling that may have been caused by a fall 
that actually occurred, or may just be a result of a general sense of imbalance. It 
affects people in a number of different ways. Firstly, there is the psychological bur-
den of the anxiety. However, the mental state itself can also cause physical prob-
lems. If someone is afraid of falling they are less likely to attempt to mobilize; their 
mobility and balance then deteriorates, and, as a consequence, their fear of falling 
increases and becomes more justifi ed. 

11 Falls and Osteoporosis Post-Stroke



260

 Fear of falling often has functional consequences as well. People with fear of 
falling (or indeed with falls regardless of their emotional response) may try to do 
less around the house, with a resulting loss of independence. They may go out less 
and give up previously enjoyed activities or lose touch with their social network. 
These changes may have a profound impact on a patient’s quality of life. There is a 
possibility this could lead to poorer mental health and depression (although studies 
have only established a correlation and not a causal link between fear of falling and 
depression). 

 In stroke research, studies have shown correlations (again, not causal relation-
ships) between fear of falling and indices of quality of life, depression, and anxiety 
[ 50 ]. Fear of falling can also hamper rehabilitation. Patients with anxieties about 
balance and falling may be less willing to try new compensatory mechanisms or 
practise recovering their mobility. This mandates an approach to stroke rehabilita-
tion that includes consideration of patients’ psychological states, particularly with 
regard to their physical function. Cognitive behavioural therapy may be an invalu-
able tool to allow patients to learn to tackle their fear and has been shown to be 
effective in non-stroke patients who have fear of falling [ 51 ]. Meanwhile, exercise 
may have the dual benefi t of increasing mobility and improving psychological 
health [ 52 ].  

   Bleeding Risk After Falling 

 A number of injuries can result from falling and, depending on the mechanism of 
the fall, bleeding may result. Such bleeding will be potentiated by the antithrom-
botic medications commonly prescribed to patients after ischaemic stroke. Many 
patients are prescribed anticoagulants for secondary stroke prevention but, despite 
the benefi t, clinicians may be reluctant to prescribe them in patients at risk of falling 
because of worries about contributing to bleeding, including traumatic subdural or 
intracerebral haemorrhage. A number of key studies have addressed this clinical 
dilemma. Man-Song-Hing et al. [ 53 ] analysed data from 49 different studies exam-
ining falls, anticoagulation, and intracranial haemorrhage in non-stroke patients and 
calculated that a person with atrial fi brillation (AF) on warfarin would have to fall 
295 or more times a year to make warfarin more risky than benefi cial. This probably 
cannot be usefully extrapolated to stroke patients, however, as it relies on assump-
tions about the rates of falls which are based on non-stroke patients, and the authors 
only used traumatic subdural haemorrhage in their analysis of factors that would 
count against warfarin. Gage et al. [ 54 ] retrospectively analysed records of 1,245 
Medicare benefi ciaries with AF and found that patients treated with warfarin 
(around half) were no more likely to suffer intracranial haemorrhage, but if they did, 
it was more likely to be fatal. However, because of the reduction in stroke rates in 
the warfarin group, warfarin protected patients overall from a composite endpoint of 
stroke, intracranial haemorrhage, myocardial infarction, and death. It is diffi cult, 
however, to draw robust conclusions about the effi cacy and safety of warfarin in 

F. Dockery and P.J. Sommerville



261

fallers from this study as there is a selection bias in that patients in the study were 
only on warfarin because their physician thought that it would be safe and benefi cial 
enough to prescribe and there was no standardized way of assessing falls risk; 
whether patients were at risk of falls or not was taken from remarks written in the 
notes. The BAFTA trial [ 55 ] randomized 973 over-75-year-olds with AF to either 
warfarin or aspirin. Patients were recruited from 200 English GP practices, but 
excluded if their GP found, there were clinical reasons to chose warfarin over aspi-
rin, or vice versa. There were 24 primary events (21 strokes, two other intracranial 
haemorrhages, and one systemic embolus) in people assigned to warfarin and 48 
primary events (44 strokes, one other intracranial haemorrhage, and three systemic 
emboli) in people assigned to aspirin. These data support the notion that warfarin is 
not associated with a high excess bleeding risk in the elderly. It should be noted that 
the sample in the BAFTA study is likely to have excluded some patients at high risk 
of falls, if their GPs used these patients’ falls risk as a reason to prefer aspirin. 
Donze et al. [ 56 ] studied 515 patients discharged home on warfarin for AF and 
found that while patients at high risk of falls (determined using a screening ques-
tionnaire) had a higher annual rate of major bleeding than those at lower risk (8 % 
vs. 6.8 %), this was not signifi cant. These studies perhaps argue that extra major 
bleeding rates with warfarin are overestimated.   

   Osteoporosis and Fractures Post-Stroke 

   Epidemiology 

 Several studies have noted the higher incidence of fragility fracture (mainly hip 
fracture) in stroke survivors, as well as a higher prevalence of stroke history amongst 
series of hip fracture patients than matched controls [ 57 – 60 ]. Studies vary consider-
ably in age ranges, ethnicity, methodology, and confounders, but almost all have 
demonstrated a risk ratio of hip fracture in stroke survivors of between 1.5 and 4 
times that of the general population [ 57 – 61 ]. Hip fracture risk is most apparent in 
younger-aged stroke patients (though absolute fracture numbers are lower), with a 
large Swedish study from national hospital data fi nding an 8- to 12-fold higher risk 
of hip, as well as all fragility fractures, in stroke survivors under 60 years versus the 
age-matched general population [ 59 ]. A similar series from Scotland also found the 
highest odds ratio (fi vefold) amongst younger female stroke survivors [ 60 ]. 

 Apart from the devastating event of a hip fracture in any individual, younger 
stroke patients in particular seem to have a greater loss of independence from base-
line and a greater mortality risk than similar-aged hip fractures without a prior 
stroke [ 62 ]. The morbidity ratio following hip fracture seems less infl uenced by a 
stroke history in older age, though remained higher than in those without [ 60 ,  63 , 
 64 ]. Hip fracture is already a grave event for any older individual, with a consistent 
25–30 % 1-year mortality seen in most large series [ 65 ]. The well-known female 
preponderance of osteoporosis and fracture risk in the general population is less 
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striking post-stroke, with a narrowing of the gender gap in fracture prevalence [ 59 , 
 60 ,  66 ]. Reasons for this are explained further below, given the specifi c fracture risk 
factors in stroke survivors, which are common to both genders. Fracture risk is high-
est in the early days post-stroke, waning over subsequent years [ 59 ,  60 ,  66 ]. Factors 
likely to contribute to this are fi rstly, there is a rapid decline in bone mineral density 
(BMD) in the immediate aftermath of a stroke, notably in the hemiparetic side, and 
secondly, falls risk is notably higher in the early days post-stroke.  

   Reasons for Increased Fracture Risk Post-Stroke 

   Falls 

 As discussed earlier in the chapter, stroke survivors are prone to frequent falls, and 
a fall is the leading contributor to fragility fracture post-stroke [ 60 ].  

   Bone Mineral Density (BMD) Reduction 

 Low BMD has been associated with a higher stroke risk in later life, meaning the 
stroke patient might already be predisposed to a higher fracture risk for reasons that 
are not entirely understood, but may involve shared risk factors for vascular calcifi -
cation [ 67 ]. What is clear, however, is that there is a rapid and substantial decline in 
BMD following an acute stroke, as is the case following spinal cord injury and as 
seen in astronauts [ 57 ]. A key factor seems to be the sudden loss of weight-bearing 
stress on the skeleton, causing “disuse osteopenia.” Mechanical forces on bone are 
applied through both muscle forces and ground reaction forces, and loss of bone 
mass occurs very rapidly in their absence. From measures of BMD, bone turnover 
markers, and bone biopsy studies, bone loss begins almost immediately following 
stroke (probably due to the loss of muscle tone), progresses until 3–4 months later, 
and continues at a reduced pace until 1 year [ 57 ,  68 – 70 ]. There are no prospective 
studies looking at changes in BMD beyond 12 months, however. Any data beyond 
this time point comes from cross-sectional studies, but extrapolation from spinal 
cord-injury patients suggests that a stabilization of BMD is reached thereafter [ 71 ]. 

 Available studies have used different modalities to measure BMD and have 
included patients with varying degrees of disability, making comparisons diffi cult 
[ 57 ]. Despite this, the consensus is that generally as much as 17 % of BMD is lost 
in the fi rst year after a stroke vs. a usual bone loss (after peak growth) in adults of 
about 1–2 % per year [ 57 ,  69 ,  72 ]. Moreover, in hemiparesis, as much as 2 % of the 
BMD loss occurs in the fi rst month. The degree of bone loss relates to motor dis-
ability, with those who are ambulant immediately following a stroke showing a 
much lesser fall in BMD [ 73 – 75 ]. Bone density reduction occurs predominantly on 
the paretic side, and upper limb is affected more than lower, due to its usually greater 
degree of paresis. It is the case though, that the dynamic changes in bone metabo-

F. Dockery and P.J. Sommerville



263

lism following hemiplegia have local as well as generalized effects on the skeleton, 
with an up to 4 % BMD loss seen on the non-paretic side [ 68 ,  74 ,  75 ]. Peripheral 
quantitative CT has gained an increasing role in looking at bone microarchitecture 
and has potential to overcome the defi cits of dual energy X-ray absorptiometry 
(DXA) BMD scanning in fracture risk prediction [ 76 ]. A prospective study using 
this modality is currently underway in stroke survivors that may give further insight 
into the pathophysiology of post-stroke bone loss [ 77 ]. 

   Loss of Mechanical Loading Effects on Bone Mass 

 The skeleton is constantly remodelled through life, through a balanced process of 
osteoblastic bone formation and osteoclastic bone resorption, which allows skeletal 
growth in childhood, healing following fractures, and adaptation of bone size and 
strength to mechanical force. This fi nely balanced process is infl uenced by numer-
ous factors such as age, hormones, and mechanical loading. Uncoupling of the 
remodelling process of bone formation and resorption leads to increased resorption, 
development of osteoporosis, and increased fracture risk. Given that mechanical 
unloading is a key contributor to post-stroke osteoporosis, it is important to under-
stand the pathophysiology in order to consider therapeutic strategies. 

 Though the precise mechanism of this uncoupling following removal of usual 
loading forces remains elusive, important scientifi c advances have been made in 
recent years. It is the osteocyte rather than the osteoblast or osteoclast that senses the 
mechanical load [ 78 ]. Osteocytes account for at least 90 % of bone structure through-
out the skeleton and are formed from mature osteoblasts. There are numerous mem-
brane-spanning channels within the osteocyte known as gap junctions, which allow 
osteocytes to connect directly with one another from deep within bone tissue, allow-
ing rapid transmission of signals. These channels are formed by the linkage of mem-
brane protein complexes; connexin43 (Cx43) being the most predominant one in 
bone. Cx43 is an important regulator of the ability of bone cells to respond to mechan-
ical stimuli, through controlling calcium oscillations which occur in the osteocyte 
following mechanical loading [ 79 ,  80 ]. These loading forces also drive interstitial 
fl uid through the unmineralized matrix surrounding osteocytes, enhancing fl ow and 
therefore transport of nutrients, waste, and signals between cells. The osteocyte is 
activated, in turn, through the actin cytoskeleton of its dendritic processes [ 80 ,  81 ]. 

 The subsequent pathways that translate into altered bone mass are also not fully 
elucidated, but apart from calcium oscillations occurring, numerous substances are 
released by the osteocyte in response to mechanical loading such as nitric oxide and 
prostaglandins. These have an anabolic effect on osteoblast activity and may inhibit 
osteoclast activity [ 81 ]. The latter occurs by suppression of a cytokine produced by 
osteoblasts called receptor activator of nuclear factor kappa-B (RANK) ligand, 
which is a potent stimulator of osteoclast function. Mice lacking RANK ligand in 
osteocytes are protected from bone loss induced by hind-limb unloading [ 82 ], and 
the monoclonal antibody denosumab that is a RANK ligand inhibitor has shown 
signifi cant clinical effi cacy in post- menopausal osteoporosis. 
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 Another important discovery in more recent years is of the Wnt gene signal-
ing pathway, which has allowed much greater understanding of bone homeosta-
sis in general, as well as in the context of mechanical loading effects [ 83 ,  84 ]. 
The term Wnt stems from a combination of “integration site 1” gene and a 
homology gene known as “wingless.” The Wnt gene signaling pathway has a 
central role in regulating development of many body organs and tissues. In bone, 
it is the major driver of osteoblast activity and of bone mass [ 85 ]. A Wnt protein 
is produced by the osteocyte and binds to a number of co-receptor complexes 
such as “Frizzled receptor” and low-density lipoprotein receptor-related protein 
(Lrp)5 located on the osteoblast. This complex, through a cytoplasmic protein 
called B-catenin, results in nuclear transcription of target genes for osteoblast 
proliferation and function. The role of inhibitors of Wnt signaling antagonists 
seems crucial to the development of disuse osteopenia. One such, named scleros-
tin, is produced by the osteocyte and prevents the formation of the Wnt complex, 
by competitively binding with Lrp5, thereby leading to greatly reduced osteo-
blast activity and bone formation. In animal studies, when osteocytes sense a 
mechanical load, they reduce the expression of sclerostin, whereas mechanical 
unloading causes decrease of Wnt signaling activity accompanied by upregula-
tion of the Sost gene encoding for sclerostin production [ 84 ,  86 ]. Transgenic 
sclerostin-defi cient mice were protected from bone loss stimulated by hindlimb 
suspension, implicating sclerostin as an important factor in the dramatic bone 
loss that occurs when weight-bearing ceases, such as in the hemiparesis setting 
[ 86 ]. Sclerostin levels have been measured in humans but show an inconsistent 
relationship with BMD. One study in women with post-stroke osteoporosis noted 
elevated levels, however, which were associated with low BMD [ 83 ]. The Wnt 
pathway is the target of several novel osteoporosis drugs in development, such as 
the sclerostin inhibitor rosozumab, which shows promising results in phase II 
trials [ 87 ].   

   Vitamin D/PTH/Calcium Imbalance 

 Vitamin D defi ciency is widespread in the general population, particularly in 
older and housebound people. Stroke survivors with impaired mobility are more 
prone, as they may spend less time outdoors getting sunlight exposure [ 88 ]. The 
early, marked increase in osteoclastic activity following loss of mechanical load 
after a stroke leads to a signifi cant increase in calcium release into the circulation, 
which may not be detected unless measured by serum ionized calcium or by uri-
nary calcium excretion [ 57 ,  89 ]. Suppression of parathyroid hormone (PTH) then 
occurs in response to this, which leads to reduced renal production of 1,25 
hydroxy Vitamin D (1,25 OHD3) which may further deplete Vitamin D levels in 
an already defi cient patient. Although PTH and 1,25 OHD3 may have a role in 
modulating the bone response to unloading, the relationship is complex and 
remains unclear [ 90 ].  
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   Nutritional Defi ciencies 

 Apart from vitamin D and calcium, there are several other vitamins and trace ele-
ments which play a role in bone homeostasis but no clear evidence implicates them 
or their defi ciency in osteoporosis and fracture risk in the general population other 
than mention of the following:

    Vitamin K  is essential for the carboxylation of two substances called matrix gla 
protein and osteocalcin, which are important components of healthy bone [ 91 ]. 
Vitamin K is stored in the liver, and stores are depleted by periods of fasting of 
as little as 3 days and in one small study in stroke survivors, levels were indepen-
dently related to low BMD [ 92 ,  93 ]. In a large prospective study, women with 
baseline Vitamin K defi ciency had higher risk of subsequent osteoporosis and 
hip fracture, which could be a potential contributor to post-stroke osteoporosis in 
a defi ciency setting [ 94 ].  

   Vitamin B12 and folate  defi ciency lead to elevated homocysteine levels, which are 
associated with increased fracture risk, though low B12 and folate have not been 
causally associated with low bone mass or fracture risk [ 95 ]. Despite this, one 
small placebo-controlled study of B12 and folate supplementation in a group of 
very disabled stroke survivors seemed to reduce fracture risk after 2 years, but a 
larger trial in a less-dependent stroke population did not [ 96 ,  97 ]. Assessment for 
B12 and folate defi ciency would be prudent in stroke patients, however, with 
bone health as well as general health in mind.     

   Iatrogenic Factors 

 Following a stroke, a patient is most likely to be prescribed a concoction of new 
medications, which have clear evidence of benefi t for reducing future vascular risk. 
Not all these are without potentially harmful effects on bone health. Warfarin, being 
a vitamin K antagonist, may impair bone density and has a plausible biological 
mechanism to do so. Observational data in various cohorts, including stroke survi-
vors, have linked warfarin with increased bone loss and fracture risk [ 98 ,  99 ]. More 
recently, however, a large prospective series of warfarin users refuted this fi nding 
[ 100 ]. The gains of warfarin therapy for stroke prevention in AF will certainly out-
weigh any potential fracture risk, particularly when the association is not entirely 
clear. The novel oral anticoagulant drugs (NOACs) do not have this inhibitory effect 
on the vitamin K cycle and therefore should not have this adverse effect. 
Unfractionated heparin, though now rarely used, leads to increased fracture risk; 
low molecular weight heparins seem largely free of this effect, though again are 
seldom used following stroke [ 101 ]. 

 For the patient with epilepsy post-stroke, anticonvulsants are implicated in osteo-
porosis, mainly through impairment of vitamin D metabolism, and this largely 
applies to older agents such as phenytoin and carbamazepine. Newer anticonvulsants 
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may be free from this effect but this is not entirely clear from the few studies to date 
[ 102 ,  103 ]. Proton pump inhibitors, often co-prescribed with aspirin prophylacti-
cally, are also associated with a higher fracture risk, possibly through impaired cal-
cium absorption which is stomach acid-dependent [ 104 ,  105 ]. Numerous other 
medications relevant to the stroke patient have also been implicated as contributors 
to alerted bone mass and fracture risk. These include selective serotonin re-uptake 
inhibitor (SSRI) and serotonin/noradrenaline reuptake inhibitor (SNRI) antidepres-
sants, antipsychotics, anxiolytics, statins, and glitazones [ 106 ]. Polypharmacy in the 
post-stroke setting is common and, though necessary, warrants evaluation of risk/
benefi t ratio in a population already at high risk of fracture.    

   Post-Stroke Osteoporosis Management 

 It is clear that in the aftermath of a stroke, the skeleton undergoes marked dynamic 
changes leading to accelerated loss of bone mass and increased fracture risk. 
Acknowledging this and addressing reversible risk factors should be part of routine, 
early post-stroke care, though a few international stroke guidelines make this spe-
cifi c recommendation [ 107 ]. 

   Assessment 

 The traditional gold standard investigation for fracture risk assessment is a DXA bone 
density scan. In recent years, several fracture risk assessment tools have been devel-
oped to overcome the limitation of a DXA scan, given that the greatest proportion of 
fragility fractures occur in those who are osteopenic rather than osteoporotic. Low 
BMD, though a major fracture risk factor, is only one of many, including age and prior 
fracture, as we have discussed. FRAX ®  is the most commonly used risk assessment 
tool worldwide, but doesn’t account for stroke or immobility in its risk assessment. 
QFracture ®  is another tool that does, as a single category of prior stroke/TIA/myocar-
dial infarction, acknowledging the association of vascular disease with increased frac-
ture risk, but there is no specifi c inclusion of hemiparesis or immobilization [ 108 ]. 
Despite differences between the two tools, they have been shown to perform similarly 
at a population level [ 109 ]. Fracture risk assessment tools have limitations, in older age 
in particular, and none have been assessed in a stroke population specifi cally [ 110 ].  

   Interventions 

 Interventions can be divided into factors addressing falls risk and factors addressing 
bone health directly. The former is dealt with in detail in the previous section on 
falls post-stroke. Strategies to improve bone density include exercise, nutrition, and 
pharmacotherapy. 
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   Exercise 

 Immobility is a leading contributor to post-stroke osteoporosis; therefore impor-
tance of weight-bearing exercise where possible is essential. In a detailed review on 
all post-stroke exercise regimens, three controlled trials were identifi ed that investi-
gated the effect on BMD [ 107 ]. There seems to be some benefi t in early physio-
therapy and weight-training exercise in maintaining bone density and structure on 
the paretic side, though more dedicated research on this area is needed. Whole-body 
vibration induces osteogenesis in animal studies and has shown some benefi cial 
effects on bone in older adults, but one trial specifi cally in chronic stroke patients 
showed no benefi cial effects on bone turnover markers [ 111 ].  

   Nutrition 

 Vitamin D status should be evaluated following stroke for those with paresis, given 
the rapid skeletal metabolic changes that occur with immobilization, as well as the 
likely sunlight deprivation that may follow. This practice may reduce falls as well as 
fracture rates [ 112 ]. Dosages and preparations of vitamin D supplied to defi cient 
patients varied in studies, but in line with osteoporosis guidelines in general, 
replacement with 800–1,000 units of colecalciferol is advised, +/− calcium supple-
mentation, bearing in mind the immobilization hypercalcaemia that may occur and 
existing dietary calcium intake. There have been recent concerns of increased car-
diovascular risk from supplemented calcium where dietary intake is adequate, 
though this remains controversial [ 113 ,  114 ]. However, expert bone societies do 
advocate estimation of dietary calcium intake before supplementation [ 115 ,  116 ]. 
Single high-dose boluses of vitamin D should be avoided, as they have been linked 
to possible increased falls and fracture risk [ 117 ]. 

 Vitamin defi ciencies such as B12 and folate should be replaced only if low, as is 
usual practice. Vitamin K is rarely measured routinely and suffi cient intake can be 
obtained from a balanced diet. Though one study from Japan found that vitamin K 
administration led to improved BMD in chronic stroke patients, there was no com-
parator group in this small cohort [ 118 ]. Soy proteins have mildly oestrogenic 
effects and can reduce osteoclastic and increase osteoblastic activity. Sato et al. 
studied the effect of the synthetic soy protein iprifl avone in hemiplegic stroke 
patients [ 119 ] and found it to prevent BMD decline to a greater degree than vitamin 
D3 or placebo. However, the study was small ( n  = 30 per arm), looked at metacarpal 
rather than axial BMD, and included both males and females. Since then, a larger 
placebo-controlled trial of iprifl avone in a postmenopausal population over 4 years 
found no benefi cial effect on BMD [ 120 ] and it is not routinely recommended for 
fracture risk reduction, even in the post-stroke setting. 

 There are numerous other nutrients that may infl uence bone metabolism such as 
copper, zinc, vitamin C, and protein, but there is no fi rm evidence that supplementa-
tion of any will infl uence bone mass, even in the general population [ 121 ]. Particular 
attention to nutrition in the stroke survivor to achieve a healthy balanced intake is 
prudent for multiple reasons, including bone health.  
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   Medication Review 

 In prescribing for the stroke patient who has a hemiparesis and/or immobility, it 
should be borne in mind the ability of certain drugs to impair bone density as men-
tioned above. For example, in post-stroke epilepsy, choosing a newer anticonvul-
sant may be wise. The need for proton pump inhibitors and SSRI antidepressants 
should be reviewed at regular intervals. In treating hypertension, thiazides may have 
a benefi cial effect on the skeleton by reducing urinary calcium excretion and can 
enhance osteoblastic calcium uptake [ 122 ]. Frusemide, on the other hand, is associ-
ated with increased fracture risk, possibly through urinary calcium loss [ 122 ]. 
However, both agents may increase falls risk by reducing blood pressure, as men-
tioned earlier. 

   Bone-Sparing Pharmacotherapy 

 A number of bisphosphonates have been evaluated in stroke survivors. Etidronate, 
alendronate, and zoledronate have demonstrated attenuation of BMD reduction fol-
lowing hemiparetic stroke [ 57 ,  68 ,  123 ]. Risedronate has also shown to reduce hip 
fracture risk in Japanese male and female stroke patients [ 46 ,  47 ], but fracture num-
bers were in single fi gures only. No randomized trials have been conducted in 
Caucasian or Afro-Carribean cohorts. The anti-resorptive monoclonal antibody 
denosumab is a potent agent for fracture prevention in post-menopausal women, but 
has not so far been trialled in stroke or immobilized patients specifi cally. Given the 
marked failure of bone formation in the stroke setting, an anabolic agent such as the 
PTH analogue teriparatide, along with the even more potent sclerostin inhibitor 
rososuzamab, currently in phase III trials, has theoretical benefi ts in the hemiplegic 
stroke patient but this remains to be determined beyond animal data at present [ 124 , 
 125 ]. Meanwhile, in stroke survivors, standard age-related osteoporosis treatment 
guidelines should apply, with bisphosphonates being fi rst-line therapy until further 
data emerges on optimal therapeutic agents in the post-stroke setting.     

   Conclusion 

 Falls and fractures are an important cause of morbidity following a stroke. Patients 
are at risk of falls, both in the immediate aftermath of their illness and, subsequently, 
in the community. Because the control of balance and locomotion depend on the 
functioning of separate neuronal pathways, strokes in different locations can cause 
falls in a number of different ways. Falls are also caused by the complications of 
stroke, as well as the medications prescribed to stroke patients. The identifi cation, 
assessment, and management of patients who may fall involves a multidisciplinary 
approach, taking into account known risk factors, performing assessments of func-
tion and disability, and providing a patient-centred approach to the mitigation of 
risk. 
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 Fractures are common following a stroke because of the increased falls risk and 
decreased bone loading on the paretic side. The osteocyte appears to have an impor-
tant role to play in mediating the changes of hemiparetic bone loss, and there are 
promising advances in the identifi cation of the cellular mechanisms underlying their 
action. Following a stroke, patients should be assessed for their risk of osteoporosis, 
including identifi cation of their co-morbidities, medications, and metabolic abnor-
malities that constitute risk factors for the condition. Treatment of osteoporosis is 
multifactorial and includes exercise, nutrition, review of medications, and bone- 
sparing pharmacotherapy.  

   Patient Questions 

     Q. Since being discharged home after my stroke ,  I feel very unsteady when I 
walk around. What can I do to reduce my risk of falling ?  

   A . Reducing your falls risk involves assessments and interventions from several dif-
ferent members of the stroke multidisciplinary team. The physiotherapist can 
evaluate your gait and balance, and give you rehabilitation and exercises to 
improve your strength and balance. They may provide you with walking aids 
and, if necessary, help you with spasticity. The occupational therapist can assess 
you in your own home and may make recommendations to improve your safety 
there. Meanwhile, your doctor can help tailor your medications to reduce your 
risk of falling.  

   Q. I have been prescribed warfarin because of my atrial fi brillation ,  but I 
have had a fall and I am worried about the risk of bleeding. What should 
I do ?  

   A . Decisions about taking warfarin are always diffi cult if someone has a fall. The 
multidisciplinary team can help assess your falls risk and may be able to inter-
vene to reduce your chances of falling. For many people, even if they have had a 
fall, the benefi ts of warfarin in reducing the chance of another stroke are greater 
than the risks of bleeding, but it is important to come to an individual decision 
that is right for you, in conjunction with your doctor.  

   Q. What can be done to reduce my risk of a fracture if I fall ,  after a stroke ?  
   A . Interventions to reduce risk of falls should also help reduce your risk of a frac-

ture but it is also advisable that bone health is addressed separately, soon after 
a stroke. This will take the form of addressing your other risk factors for a 
fracture, such as reviewing your medications and nutritional status, and may 
include conducting a bone density scan. The latter may need to be repeated 
within a year, because bone density can decline quite quickly following a 
stroke, especially where there is residual limb weakness. If you are found to 
have osteoporosis or to have a particularly high fracture risk, there are a num-
ber of medications available which your clinician may prescribe for you to help 
reduce this risk.        
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