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  Abstract 
 Dizziness is largely a problem in the elderly, being the most common reason patients over the age of 75 years seek medical 
attention. The term is used to describe many sensations, including vertigo, disequilibrium and light-headedness. There are 
different causes of dizziness in older people such as cardiovascular, neurological or locomotor disease, deterioration in 
sensory organs, vestibular dysfunction and adverse drug effects. Distinctions between the effects of aging and borderline 
pathology on instability and falls are not always clear-cut. The elderly ’ s greater risk of balance disorders stems from a higher 
likelihood of impairments or diseases affecting the physiological subsystems underlying the complex skill of balancing. 
Diagnosing a specifi c cause of dizziness or vertigo in older people can be a challenge, since the symptom descriptions are 
often vague and examination fi ndings overlap among potential causes. Once a differential diagnosis is formulated, it is not 
clear what tests  –  if any  –  will add clinical value. Intervention needs to be tailored to each patient to obtain the maximum 
effect, designing different exercises for individuals with different kinds of defi ciency. Vestibular dysfunction in the elderly 
can be treated effectively with vestibular rehabilitation, which comprises both a  ‘ generic ’  type and more specifi c protocols. 
Moreover, all the following interventions may have a role: exercises designed specifi cally to improve muscle function and 
to address sarcopenia, visual defi cit treatment, pacemakers, vitamin D supplementation, gradual withdrawal of psychotropic 
medication, multifaceted podiatry and hip protectors, cognitive behavioural interventions, home safety assessment and 
modifi cation interventions. In many cases, a multifactorial approach could be the best solution, as the elderly are frequently 
affected by multiple defi ciencies. There is strong scientifi c evidence that rehabilitation has a signifi cant role for multisensory 
dizziness, vestibular hypofunction and locomotor pathologies. More research is needed to evaluate the benefi t of rehabilita-
tion for neurological causes and benign positional paroxysmal vertigo.  

  Key words:   dizziness  ,   rehabilitation  ,   vestibular diseases  ,   aged  ,   postural balance  ,   disability evaluation   

  Introduction 

 Dizziness is often used as a non-specifi c term to 
describe many sensations, including vertigo, presyn-
cope, disequilibrium and light-headedness (1). It is 
largely a problem in the elderly and is the most com-
mon reason why patients over 75 years of age seek 
medical attention. There are a number of different 
causes of dizziness in older people such as cardiovas-
cular disease, deterioration in several sensory organs, 
benign positional paroxysmal vertigo and other 
vestibular dysfunctions, neurological and locomotor 
disease, and adverse drug effects. There is strong sci-
entifi c evidence that rehabilitation has a signifi cant 
role for multisensory dizziness, vestibular hypofunc-
tion and locomotor pathologies. The benefi t of reha-
bilitation for neurological causes and benign positional 
paroxysmal vertigo has yet to be demonstrated.   

 Epidemiology 

 Despite dizziness being one of the most common 
symptom presentations in all medicine, epidemio-
logical studies focusing on it are not conclusive for 
two main reasons. First, dizziness can only be mea-
sured by patient self-report and, among the wide 
range of manifestations reported, it is often unclear 
whether or not they can be correctly included in the 
defi nition. Secondly, selection criteria and methods 
can be very different among studies in the literature. 
Nevertheless, it seems reasonable to state that around 
20 – 30% of people over 65 years of age experience 
dizziness in some form, and this number increases to 
40 – 50% in the very old (85    �    years) (2). Moreover, 
among a population of dizzy older primary care 
patients almost 60% experience a moderate or severe 
impact on everyday life due to dizziness (3). 
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 In a population based study, Tinetti et   al. observed 
some abnormality of gait in 15% of subjects over 60 
years of age, and these disorders signifi cantly increase 
the risk of falling (4). This risk varies greatly from 
well-functioning community dwelling subjects to 
frail institutionalized patients. Whereas no more than 
10% of the fi t elderly fell during the course of one 
year, at least 50% of institutionalized frail, elderly 
people are liable to falls (5) and people who have 
already had one fall are more likely to fall again 
(60 – 70%) in the subsequent year. Older adults have 
a fi ve- to eight-fold increased risk for all-cause mor-
tality during the fi rst three months after hip fracture 
(6) and those who survive seldom regain their former 
level of mobility. 

 Falling is a problem strictly related to the fear of 
falling, each constituting a risk factor for the other. 
The fear of falling has prevalence rates that range 
from 20% to above 80% in community living older 
persons, depending on the methods and samples 
used (7). Benign paroxysmal positioning vertigo 
(BPPV) is the most common vestibular disorder and 
occurs at any age, but is much more common in the 
elderly and increases by 38% with each decade of 
life. The one-year prevalence of individuals with 
BPPV in a study was 3.4% in a population over 60 
years of age and reached 10% in people over 80 years 
of age (8). 

 Finally, bilateral vestibular loss (BVL) of moder-
ate to severe degree has a prevalence of 120/100,000 
in the general population (9) and affects roughly 5% 
of unsteady people over 75 years of age (8).   

 Factors infl uencing balance, gait and falling 
risk in older people 

 Distinctions between the effects of aging and 
borderline pathology on instability and falls, are 
not always clear-cut (10). The elderly ’ s greater 
risk of balance disorders stems from a higher like-
lihood of impairments or diseases affecting the 
physiological subsystems underlying the complex 
skill of balancing (11). A list of changes that can 
infl uence unsteadiness and risk of falling is given 
in Table I.   

 CNS, sensorium and musculoskeletal system: 
a physiological deterioration 

 Whether age-related balance impairments are due 
more to changes in the integration mechanisms of 
the central nervous system (CNS) or to sensory def-
icits or musculoskeletal factors has yet to be thor-
oughly established. Some studies seem to indicate 
that CNS factors are predominant, since central inte-
gration mechanisms important to postural refl exes 
tend to become slower with age (13). Older brains 
are weaker in processing capacity and dividing atten-
tion, so the appropriate allocation of central process-
ing resources between concurrent tasks is disturbed. 
When older adults combine walking with performing 
a concurrent cognitive task, they are at greater risk 
of falling, while this risk is lower when they concur-
rently perform mobility or manual tasks (14). 

 Visual (15), hearing (16) and vestibular (8,17) 
functions physiologically deteriorate with age and 
many elderly people have accumulated multiple, often 
fairly minor, defi cits in these sensory systems. This 
accumulation hinders older people from receiving 
compensatory information about body position and 
the environment, thus jeopardizing a person ’ s confi -
dence in maintaining a balanced position (10). Unfor-
tunately, in many older adults, the normal effects of 
aging are associated with borderline disorders or the 
use of medication that can further increase their insta-
bility. These medical factors are listed in Table II. 

 Loss of muscle strength, slowing of muscle con-
traction, a smaller range of motion and fl exibility, 
and an increased susceptibility to fatigue have been 
well documented changes associated with aging. All 
these factors might represent biomechanical limita-
tions affecting the ability to execute the stabilizing 
actions required to maintain an upright stance. It 
should be noted, however, that normal age-related 
reduction in muscle strength does not typically affect 
balance in well-functioning older people.   

 Cardiovascular disease 

 In a recent survey (18) on elderly people consulting 
their family physician for persistent dizziness it was 

  Table I. Age related changes affecting falling risk. (adapted from Maki BE et   al, 2003) (12).  

Sensory system Musculoskeletal systems Nervous system

Lower visual acuity, contrast sensitivity, depth 
perception and adaptation to darkness

  Weakening vestibular function
  Weakening proprioception
  Declining cutaneous sensitivity
  Declining hearing function

Lower muscle strength
  Slower muscle contractions
  Greater muscle fatigue
  More severe joint stiffness
  Reduced range of motion

Slower nerve conduction
  Slowing and impairment of 

information processing
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found that cardiovascular disease was the most com-
mon major cause (57%), followed by vestibular 
(14%) and psychiatric (10%) illness. In a quarter of 
all patients an adverse drug effect was considered to 
be a contributory cause of dizziness (23%). Further-
more, locomotor disease was a major cause in 4% 
and neurological pathologies (excluding cerebrovas-
cular diseases) in 3% of cases. Cardiovascular dizzi-
ness should be suspected whenever patients: 1) 
describe dizziness as light-headedness; 2) have a his-
tory of cardiovascular disease; 3) have dizziness asso-
ciated with syncope, pallor or a need to sit/lie down; 
and 4) fi nd that prolonged standing causes symptoms. 
An overlap between dizziness, syncope and falls is 
frequently observed (19). 

 In a double-blind study on vertebrobasilar insuf-
fi ciency (20), the authors recommended a verte-
brobasilar radiological evaluation for all the patients 
complaining of isolated positional vertigo or dizzi-
ness of unexplained aetiology, and having at least 
three thrombotic stroke risk factors. In some studies 
on elderly populations stroke probably accounts for 
3 – 7% among all causes of vertigo. (21). 

 Continuous phasic blood pressure monitoring 
with orthostatic blood pressure measurements, stan-
dardized carotid sinus massage and 70 °  head-up tilt 
test permit differentiation between the three most 
common hypotensive disorders, i.e. carotid sinus 
syndrome, postural hypotension and vasovagal syn-
cope. According to Wu et   al. (22), symptoms of diz-
ziness provoked by orthostatic hypotension could be 
around 5.8% in elderly adults over 70 years of age.   

 Vestibular system 

 As reported earlier, BPPV is the most frequent type 
of peripheral vertigo in the elderly and is still an 
under-recognized entity. Elderly people with BPPV 
often do not report positional vertigo even on 
specifi c questioning. Instead they complain of dizzi-
ness, light-headedness or unsteadiness. 

 A unilateral vestibular loss (UVL) may cause dif-
ferent degrees of vertigo and disequilibrium depend-
ing on whether the lesion has developed suddenly or 
slowly (or whether vestibular function is fl uctuating), 
on the degree of both vestibular weakness and ves-
tibular compensation, and on comorbidity and psy-
chological factors. In the general population about 
20% of patients with a stable and complete UVL still 
may experience ataxia and oscillopsia. In elderly 
frail patients this percentage may reach 30 – 40%. 
Furthermore, asymmetric vestibular function is over-
represented in elderly persons with hip fractures and 
wrist fractures, suggesting that vestibular asymme-
tries may contribute to falls and fractures (23). 

 Elderly patients affected by M é ni è re ’ s disease 
(MD) have clinical and vestibular features similar to 
young and middle-aged MD patients except for a 
higher incidence of oculomotor system alterations 
and a higher frequency of Tumarkin attacks (24,25). 

 BVL causes not vertigo, but unsteadiness of gait, 
particularly in the dark, and oscillopsia associated 
with head movements or when walking. This is due 
to the insuffi ciency of the vestibulo-ocular refl ex at 
higher frequencies. As reported in a following section, 
diagnosis of BVL of mild entity is diffi cult both on a 
clinical and instrumental test basis and its prevalence 
is still not clear. Typically, these patients are unable 
to keep standing on a soft yielding surface, such as a 
mattress, with the eyes closed, without falling.   

 Anxiety, drugs, CNS and PNS pathology 

 Clinical evidence demonstrates a signifi cant interac-
tion between balance control and emotional and 
cognitive functioning. Maarsingh et   al. demon-
strated that anxiety and/or depressive disorder were 
present in 22% of older dizzy patients (26). Antide-
pressants modulate these complex pathophysiologi-
cal interactions via mechanisms of action that have 
been little explored to date. The potential use 
of these drugs to treat dizziness in various patient 

  Table II. Medical risk factors for instability and falls (adapted from Maki BE et   al, 2003) (12).  

Sensory disorders Neurological disorders
Disorders causing 

transient disturbances Other conditions
Medication and 

drugs

Cataracts, macular 
degeneration, glaucoma

Parkinson ’ s disease, 
peripheral neuropathies 
(diabetes, pernicious 
anaemia, nutritional), 
dementia, normal 
pressure hydrocephalus

Cardiac arrhythmia, 
transient ischaemia 
attack, ocular 
ischaemia, orthostatic 
or postprandial 
hypotension

Foot anomalies, 
musculoskeletal 
disorders

Antidepressants, 
benzodiazepines, 
alcohol

Bilateral or unilateral 
vestibular defi cit, benign 
paroxysmal positioning 
vertigo

Acute illness, seizure, 
syncope, incontinence
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populations, whether associated with anxiety or not, 
justifi es a more careful investigation (27). Tranquil-
lizers such as benzodiazepines inhibit the input 
from the vestibular labyrinth and further impair 
the central integration of sensory information. 
Benzodiazepines are GABA modulators that act 
centrally to potentiate GABA and suppress vestibu-
lar responses. Although benzodiazepines are useful 
for managing acute vertigo in surprisingly small 
doses, addiction, memory impairments and a higher 
risk of falls are known drawbacks associated with 
their use. In a recent report, Suzuki et   al. (28) 
described two cases of fatal falls in older females, 
caused by antihistamine-induced drowsiness. For a 
long time, cerebral and cerebellar atrophy and sub-
cortical white matter lesions have all been associated 
with imbalance in older people (11). Colledge et   al. 
(29) confi rmed that MRI white matter lesions in the 
midbrain were more common in dizzy than in non-
dizzy subjects (22% vs. 4%,  p     �    0.001). Pathologi-
cally, these MRI images correspond to areas of 
myelin thinning and gliosis, and are often accompa-
nied by lacunar infarctions and small vessel athero-
sclerotic disease. More recently, a study on a very 
large older population demonstrated that only 
periventricular white lesions are associated with 
impaired balance and reduced walking speed, 
although the speed difference between subjects with 
a small number of lesions and those with a large 
number of lesions is only about 20% (30). 

 Peripheral neuropathy can be a cause of unsteady 
gait, related to loss of position sensation from the 
feet. It is generally easily suspected in diabetic 
patients, while nutritional and vitamin defi ciency 
forms are probably underestimated. Vitamin B12 
defi ciency is common in the population over 80 
years of age (about 10%) and may be due to: 
decreased intake, malabsorption, pernicious anae-
mia, stomach and small bowel disorders, medication 
interaction or over-consumption. It is also defi ned 
as  ‘ sensory ataxia ’  and, when associated with spinal 
cord disease, it is sometimes termed  ‘ subacute com-
bined degeneration ’ . 

 In addition to the risk of severe injury such as hip 
fractures, instability and falling can cause anxiety and 
restrict activity, leading to social withdrawal and a 
poorer quality of life, and often ultimately to a loss 
of independence and transfer to a nursing home. 
Over 40% of nursing home admissions are related to 
falls. Furthermore, the simple fear of falling may 
push older adults into a spiral of loss of confi dence 
and physical frailty (31). Persons who simultaneously 
had balance, vision and hearing diffi culty had an over 
eight-fold higher risk for fear of falling compared to 
persons who did not have any of these three sensory 
diffi culties (32).   

 Clinical assessment of the dizzy patient 

 Diagnosing a specifi c cause of dizziness or vertigo in 
older people can be a challenge, since the symptom 
descriptions are often vague and examination fi nd-
ings overlap among potential causes (33). For exam-
ple, elderly people with BPPV often do not report 
positional vertigo even on specifi c questioning. 
Instead they complain of unsteadiness or resulting 
falls. This might be due to unconscious limitation 
and avoidance of movements and positions that 
evoke vertigo. In a public, inner-city geriatric popula-
tion, 9% were found to have unrecognized BPPV 
(34). Thus, the physician should suspect BPPV in 
elderly patients with unsteadiness, even in cases 
where other fi ndings, such as multiple sensory 
defi cit, polyneuropathy, Parkinsonism, apparently 
explain the symptomatology, and the diagnostic 
manoeuvre for BPPV should be performed. More-
over, BPPV is usually a self-limited condition with a 
mean spontaneous remission time of several weeks. 
Patients often present during an asymptomatic 
period, so that only a re-examination on an urgent 
basis when the symptoms reappear, permits clarifi ca-
tion of the diagnosis. 

 Despite these diffi culties, patient history is the 
fi rst and most important aspect of the diagnostic pro-
cess. When, after having obtained the patient ’ s his-
tory there is no suspicion about the possible cause of 
the patient ’ s dizziness, it is most likely that even after 
all the clinical and instrumental tests it will still not 
be possible to formulate a clear diagnosis (35). 

 Patient history should include some questions 
regarding impact of the dizziness on daily life, in 
order to identify a more individualized diagnostic 
and rehabilitative programme (3). 

 An examination of a patient ’ s balance should 
begin with the patient standing in the Romberg posi-
tion. It should be noted that performance in the 
Romberg test deteriorates with age, albeit with a con-
siderable degree of individual variability. Vestibular, 
cerebellar and severe proprioceptive disorders pre-
vent patients from maintaining this position, particu-
larly with their eyes closed. Thus, the test is not 
specifi c and does not help to distinguish between 
UVL and BVL. On the other hand, sensitivity is high 
and can be further increased by having the patient 
stand on foam rubber, which disrupts proprioceptive 
inputs (36,37). 

 Patients are then asked to walk normally from 
one end of the room to the other and to turn 
around quickly. They should then try tandem walk-
ing; this can accentuate balance problems associ-
ated with CNS disorders and cerebellar lesions in 
particular. It should not be considered normal for 
elderly people to have trouble walking heel-to-toe. 
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Having the patient rise from a chair without using 
the arms and clinical testing of strength and joint 
mobility of the lower extremities are simple and 
useful tests, also. 

 Vestibulo-ocular function is then tested by bed-
side clinic examination which, in many cases, rules 
out vestibular pathologies. Besides the Dix-Hallpike 
manoeuvre for BPPV, two other useful bedside tests 
are the head impulse test (HIT), also named the 
head-thrust test of Halmagyi (38), and the dynamic 
visual acuity test (DVAT). The HIT consists of a 
rapid rotation of the patient’s head, guided by the 
hands of the examiner. The patient should be 
instructed to stare at the nose of the examiner dur-
ing the rotation. HIT identifi es subsequent catch-up 
saccades after the head rotation, and measures the 
gain of the angular vestibulo-ocular refl ex (VOR) 
as indirect sign of VOR defi cit. However, covert 
saccades during head rotation occur more fre-
quently with higher acceleration and may be missed 
by clinicians. The repetition of the test reduces the 
probability of false negatives and facilitates detection 
of a defi cit. 

 During the DVAT, the patient is asked to oscillate 
the head back and forth at a speed of at least one 
cycle per second while reading a standard visual acu-
ity chart. In normal persons, VOR limits retinal 
image instability during imposed head motion. In 
healthy subjects, visual acuity may decline by one or 
two lines on the optotype chart. A decline of more 
than two lines is considered abnormal (39), but 
severely affected BVL patients may show a decline 
of fi ve or more lines (40). The combination of a bilat-
eral positive HIT, a reduced DVAT and a positive 
Romberg test on rubber foam can identify patients 
with severe and moderate BVL. However, identifi ca-
tion of mild BVL remains a challenge as laboratory 

tests, including caloric irrigation, rotational chair and 
video head impulse testing, show considerable over-
lap between patients and normal subjects (41). 

 In a recent study (42) the so-called  ‘ triple test ’ , 
i.e. spontaneous nystagmus, head-shaking nystag-
mus, and the head impulse test, demonstrated a high 
negative predictive value (NPV) in the diagnosis of 
unilateral vestibular weakness. In other words, 80.4% 
of patients with a negative triple test also had a nor-
mal response on caloric testing. In pronounced canal 
paresis ( �    50%), the triple test reached an NPV of 
94.1%. 

 Nevertheless, video-oculography (VOG) and 
caloric stimulation still play a major role in evalua-
tion of both peripheral and central vestibular disor-
ders. A detailed description of the clinical and 
instrumental assessment of oculomotricity, sponta-
neous and evoked nystagmus, is beyond the aim of 
this paper. For a recent review on vestibular testing 
for rehabilitative purposes see Slattery et   al. (43). 

 The evaluation may require further tests, whose 
selection depends on the clinical history and previ-
ous fi ndings. Maarsingh et   al. (44) combined empir-
ical evidence with expert opinion ̧  systematic review 
and practice guidelines for the development of a set 
of 21 diagnostic tests for evaluating dizziness in the 
elderly (Table III). Visual acuity can be measured 
with the standard Snellen visual acuity chart. 

 The characteristic stocking/glove distribution 
sensory loss of peripheral neuropathy is easily identi-
fi ed. B12 vitamin, haemoglobin and non-fasting 
blood glucose dosage, may confi rm the diagnosis and 
the cause of the neuropathy. 

 Experienced neurologists may be able to estab-
lish a topographical diagnosis for a gait disorder 
based on the clinical observation of an individual ’ s 
gait and their formal neurological examination (45). 

  Table III. List of diagnostic tests for evaluating dizziness in elderly patients in a primary care set. (adapted from Maarsingh et   al, 2009), (44).  

Patient History

Present dizzy symptoms Medication Alcohol intake Medical history

Physical Examination

Cardiovascular System Locomotor System Neurological System Vestibular System Remaining Tests

Pulse measurement Orthopaedic screening of 
lower extremities

Tendon refl exes Otoscopy Visual acuity

Blood pressure Tandem gait Semmes-Weinstein 
Monofi lament Test

Dix-Hallpike manoeuvre

Orthostatic hypotension test
Auscultation of the heart

Additional Tests

Cardiovascular System Laboratory Tests Psychiatric Testing Vestibular System

Electrocardiogram Haemoglobin Patient Health Questionnaire Audiometry
ECG-monitoring Non-fasting blood glucose
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Damage to the vestibular, somatosensory or visual 
systems typically produces subtle gait anomalies, 
such as a slight widening of the base, shortening of 
the stride, and slow, careful turns (46). Patients with 
proprioceptive or vestibular deterioration come to 
depend on their vision, so their signs and symptoms 
are much worse in the dark or when their eyes are 
closed, as the Romberg test can show. Patients with 
basal ganglia disorders, particularly those with 
Parkinson ’ s disease, have a characteristic akinesia 
and rigidity, while cerebellar disorders produce 
wide-based, ataxic and highly compromised gait. 
Table IV lists the features of gait disorders in older 
people. Observational gait analysis is generally more 
widely used than instrumented methods. Observa-
tional methods are inexpensive, require little or no 
technology and several studies have reported a high 
correlation with biomechanical measures. On the 
other hand, instrumental gait assessments provide 
quantitative measures of gait kinematics, kinetics 
and electromyographic activity of muscle with a high 
degree of accuracy. However, they are expensive, 
time-intensive and require skilled analysis and inter-
pretation (47). Thus, the role of these instrumental 
tests is still controversial. 

 Rotational chair testing (43) and, more recently, 
the Dynamic Visual Acuity Test (DVAT) (40) and the 
Gaze Stabilization Test (GST) provide information 
regarding higher frequency vestibulo-ocular refl ex 
(VOR) function. 

 Finally, the cervical Vestibular Evoked Myo-
genic Potential (cVEMP) test and the Dynamic 
Subjective Visual Vertical (DSVV) test provide 
information regarding saccular and utricular func-
tion, respectively. 

 The combination of caloric, sinusoidal and step-
velocity rotary chair (RC) testing revealed the stron-
gest predictive capabilities for identifying peripheral 
vestibular injury. Furthermore, the combination of 
an abbreviated form of RC testing with caloric test-
ing yielded nearly identical results to full caloric and 
rotational testing (48). 

 Computerized Dynamic Posturography (CDP) 
explores the interaction of the vestibular, visual and 
proprioceptive systems for posture control. The clin-
ical utility of CDP is still debated. The different 

posturographic systems available for use in clinical 
practice test postural control as a whole, with the 
various sensory inputs interacting in physiological 
ways, or mimicking potential real-life challenges to 
upright balance  –  hence their strength and, at the 
same time, their weakness, since they lack specifi city. 
CDP has certainly advanced our knowledge of how 
postural mechanisms work, and how posture is 
impaired in certain patient groups, but many authors 
have stressed that it is of little or no value in the 
clinical examination of individual patients (49). 

 Some of the most frequently used questionnaires 
to measure the impact of dizziness on quality of life 
and on activities of daily living in elderly people are: 
the Dizziness Handicap Inventory (DHI); the Dis-
ability Index; the VSS; the Vestibular Disorders Activ-
ities of Daily Living scale; and the Activities-Specifi c 
Confi dence scale. Moreover, the DHI score has been 
demonstrated to be a useful tool for the prediction 
of BPPV. The correct diagnosis of BPPV is 16 times 
greater if the DHI score is greater than or equal to 
50 (50). With regard to the scales, they are used in 
clinical practice to score various aspects of gait and 
balance in elderly people by means of simple bedside 
tests. A recent systematic review identifi ed as many 
as 30 different functional balance assessment tools 
(51), which may be either generic or disease-specifi c, 
and may have different operational ranges. Widely 
accepted scales are: the Tinetti Gait Scale (TGS); the 
Gait Assessment and Intervention Tool (G.A.I.T); 
the Berg Balance Scale; the Dynamic Gait Index; the 
Get Up and Go; and the Functional Reach tests. The 
timed Get-Up-and-Go test is performed by observ-
ing the time it takes a person to rise from an arm-
chair, walk three metres (10 feet), turn, walk back, 
and sit down again. The average healthy adult over 
60 years of age can perform this task in less than 10 
s (52). A Unifi ed Balance Scale has been recently 
introduced as a single tool for  ‘ bed-to-community ’  
balance measurement, i.e. within the hospital as well 
as in the community setting (53) and regardless of 
the aetiology of the lesion causing the loss of balance. 
Unfortunately, there is a considerable individual 
variability in all such scales and no clear cut-offs for 
identifying a balance disorder (i.e. the need for reha-
bilitation treatment) have been established to date. 

  Table IV. Features of gait disorders in older people. (adapted from Baloh et   al 2003). (46).  

Category Characteristic feature of gait

Sensory loss  “ Cautious gait ” , slightly widened base, shortened stride, slow turns
Musculoskeletal deterioration Diffi culty rising, generally slow, limping, limited elevation of the feet, locking of the knees
Cerebellar lesion  “ Ataxic gait ” , markedly widened base, trunk instability, overactive postural refl exes
Basal ganglia lesions Diffi culty starting, freezing, stiffness, lack of associated movements, turns en bloc
Frontal cortex and subcortical white 

matter lesions
 “ Apraxic gait ” , small shuffl ing steps, feet adhere to the fl oor, poor refl ex control
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 Finally, with regard to falls, quick validated fall 
risk screening tools for older people are available for 
community, hospital, and nursing and residential 
care settings. These screening tests identify people at 
increased risk of falls who need detailed fall risk 
assessment and intervention (54).   

 Rationale, strategies and outcomes 
of rehabilitation 

 Figure 1 is a scheme of how sensorimotor integra-
tion is organized in the brain. Each of the primary 
sensory systems sends information to a fi rst set of 
individual central processors that pass this informa-
tion on to a common central processor, which pro-
duces signals that command eye movements and 
postural refl exes (55). The functioning of the system 
as a whole comes under adaptive control in much 
the same way as in other aspects of brain functioning 
and behaviour. 

 Understanding these adaptive mechanisms is 
important in clinical practice with regard to the 
rehabilitation of patients with lesions involving the 
different parts of the sensory system. There is mount-
ing evidence that the brain of older persons is able to 
undergo plasticity changes, although there appear to 
be limits on how much the brain of the elderly can 
compensate. Most probably there is no difference in 
benefi t of postural balance training according to age 
(56). The aim of this training is to stabilize the body ’  
s centre of mass (57) (Figure 2). It is consequently 
important to understand the mechanisms behind a 
given patient ’ s postural instability and so programme 
a targeted therapeutic plan to achieve the maximum 
effect. 

 In other words, following a balance training 
course, older subjects should learn what to expect 
from their actions, i.e. they should develop internal 
models that are critical for predictive motor control. 
Internal models are fundamental when controlling 

systems that have delays. It is reasonable to assume 
that much of the benefi t of rehabilitative treatment 
may depend on internal models (58). At least two 
other cognitive processes are usefully infl uenced by 
a generic training, or simply by experience and 
motion learning of limits and sensory weighting 
(59). The fi rst is related to learning what is safe and 
what is not, thus avoiding older subjects being either 
overly cautious, or excessively confi dent. These two 
extreme conditions might cause either an excessive 
avoidance of motion and independency, or an 
increasing risk of falls. The second process refers to 
the capacity of selection and favours one of several 
redundant senses over another. Typically, selection 
occurs between vision, vestibular and somatosensory 
inputs when a person is attempting to balance. For 
instance, diabetics with peripheral neuropathy and 
sensory/proprioceptive impairments in their feet rely 
heavily on visual afferents, becoming much less sta-
ble in the dark. 

 Functional imaging techniques have recently 
enabled the visualization of a hierarchic network 
for postural control in humans by means of func-
tional imaging techniques. Growing evidence sug-
gests that the so-called  ‘ supraspinal locomotor 
regions ’  groups of neurons that are able to initiate 
or modulate spinal stepping in the cat in response 
to electrical or chemical stimulation, also exist in 
humans. The supraspinal network for locomotion is 
just beginning to be recognized as an important fac-
tor in the pathophysiology of common balance and 
gait disorders (60). 

 Prior to the 1990s therapists often used to treat 
all dizzy patients with the same protocol and only 
after that period was there an effort to advocate exer-
cises customized to individual diagnoses or at least 
functional patterns. Rehabilitation programmes aim 
to retrain the brain to use residual sensory inputs to 
compensate for malfunctioning areas. This means 
that training to improve balance needs to be tailored 

Central  
processor

Choice of body movement 

Select and adjust muscle  
contractile pattern 

eye, head  
ankle, thigh
trunk, neck 

Environmental
interaction 

Generation of  
body movement

Individual  
central  
processor 

Vestibular 
Visual 
Proprioceptive 

Adaptive  
controller 

  Figure 1.     Block diagram showing how sensorimotor integration is organized in the brain (adapted from Baloh et   al, 2001). (55).  
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to each patient to obtain the maximum effect, design-
ing different exercises for individuals with different 
kinds of defi ciency. 

 Patients with a prevalent dysfunction of the ves-
tibular system can be treated effectively with vestibu-
lar rehabilitation (VR), which includes both a 
 ‘ generic ’  type and more specifi c protocols. In generic 
VR, patients are provided with a series of tasks to 
perform that require them to use their eyes while 
their head is moving, and possibly when their body 
is also moving. On the other hand, specifi c protocols 
have been initially proposed by Cawthorne and 
Cooksey (61,62), followed by several others in sub-
sequent decades (63). VR has been shown to pro-
mote signifi cant improvements in several aspects of 
balance, including vestibulo-visual interaction during 
head movements, static and dynamic postural stabil-
ity in conditions of confl icting sensory information, 
and diminished individual sensitivity to head move-
ments (64). 

 Avocational activities can also be excellent for 
vestibular rehabilitation, provided that they involve 
using the eyes while the head and body are in 
motion. Older subjects should fi nd one that is fun, 
safe, and somewhat stimulating. Dancing is, of 
course, an excellent vestibular rehabilitative activity. 
In recent years the force plate/virtual reality systems 
(i.e. Nintendo Wii Fi   ®  ) are becoming universally 
available and more and more frequently used as a 
therapy for balance disorders in older subjects. In 
combination with the visual and auditory feedback 
that is unavailable with conventional exercises, 
other aspects such as balance challenges, an enriched 

sensory environment, enjoyment and the subse-
quent effect on adherence also require consider-
ation (65). Interestingly, Clark et   al. (66) recently 
showed that the Nintendo Wii board tracks the cen-
tre of pressure with a similar accuracy to a gold 
standard forceplate. Finally, simply walking around 
the block looking from side to side may be a useful 
activity. 

 Most studies on VR are carried out with patients 
suffering from BVL, although an increasing number 
of data is available regarding people with symptom-
atic UVL. A recent review (67) on the effectiveness 
of vestibular rehabilitation in this last subset of 
patients demonstrated moderate to strong evidence 
that VR is an effective management, and in the stud-
ies with a follow-up assessment (3 – 12 months) pos-
itive effects were maintained. McGibbon et   al. (68) 
recommended practising the traditional Chinese 
martial art of Tai Chi, which produces signifi cant 
benefi ts in elderly people, ameliorating their balance, 
fi tness, strength and possibly also indirectly improv-
ing their self-confi dence (69). 

 With regard to the outcome of rehabilitation in 
older patients with prevalent vestibular disorders, 
data are still not conclusive. In a recent study on BVL, 
roughly 80% of patients do not improve indepen-
dently of age, gender, time-course of manifestation 
and severity: thus, the prognosis seems less favourable 
than assumed previously (70). These patients have a 
 ‘ visual dependence ’  so they should avoid walking in 
the dark, or without corrective lenses if they have 
refraction disorders, especially in open spaces. When-
ever possible, surgical treatment of a visual defi cit is 
generally benefi cial (71). Finally, they should be 
encouraged to use a walking stick and, since they can-
not see clearly while walking, they should stop and 
hold the head still whenever they want to read a sign 
or see the face of someone passing. 

 Most studies on BPPV reveal, on the one hand, 
a low success rate in the treatment of this entity and 
a higher frequency of recurrences in elderly patients 
compared to the general population (72). In a recent 
Cochrane meta-analysis (73) it was concluded that 
although there is evidence that the Epley manoeuvre 
is an effective treatment for posterior canal BPPV 
(based on the results of controlled trials with rela-
tively short follow-up), there is no good evidence that 
this treatment provides a long-term resolution of 
symptoms. 

 Although data are mixed, a few studies have indi-
cated that use of vestibular rehabilitation may 
decrease recurrence rates for BPPV (72 – 74). On the 
other hand, it should be noted that in treated old 
patients the estimated recurrence rate of BPPV is 
30 – 50% (72 – 75), and that natural resolution of 
untreated cases is probably around 20 – 30% (76). 

(A) (B) (C)

  Figure 2.     Normal and abnormal limits of stability. (A) A healthy 
man leaning his body ’ s centre of mass (red dot) towards his 
forward limit of stability (represented as the area within the cone). 
(B) A woman with multisensory defi cits attempts to lean forward 
without moving her body ’ s centre of mass forward. (C) A woman 
with multisensory defi cits attempts to lean backwards but 
immediately takes a step back to increase her base of support. The 
projection of the body ’ s centre of mass over the base of support 
is schematically indicated with the arrow (modifi ed from Horak 
et   al 2006) (57).  
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without interfering to an unacceptable degree with 
an elderly person ’ s independence.   

 Measuring response to rehabilitation 

 Evaluating the outcome of balance and vestibular 
rehabilitation is more diffi cult than it sounds because 
of several possible biasing factors. First, it should be 
considered that most disorders have a tendency to 
improve on their own, so attributing the improvement 
to therapy could be incorrect in a number of cases. 
As an example, the natural resolution of untreated 
BPPV is still unclear: in two studies it varied from 
20% to 38% (81,82) and up to 84% at three months 
follow-up in a third study (83). Secondly, psycholog-
ical factors are important, but it is still diffi cult to 
separate them from other aspects. In this regard, it is 
a common clinical experience that whenever the fear 
of falling reduces, people increase their activity improv-
ing their steadiness and gait, independent of rehabili-
tation. Thirdly, a reliable method for measuring 
 ‘ balance ’  does not exist, although we have many tests 
evaluating different things associated with balance. 

 Nevertheless, a subjective rating by means of 
questionnaires is commonly used. The question-
naires we have reported in a previous section can 
capture subtle aspects of improvement such as 
increased independence. Unfortunately, these mea-
sures are greatly handicapped by their intrinsic vari-
ability and the tendency for people to scale their 
responses according to what they think they should 
be doing rather than actual performance. Mobility 
oriented scales are also useful in evaluating the ben-
efi t obtained with different rehabilitative protocols. 
Finally, it should be noted that the easiest way to 
carry out this task is to ask patients to score their 
degree of instability (before and after treatment) on 
a 100-mm closed visual-analogue scale (VAS), rang-
ing from no sensation of unsteadiness (0 mm) to the 
worst possible symptoms (100 mm). Unfortunately, 
individual variability partially limits the use of all 
these instruments in single patient evaluation, while 
the assessment of the benefi t obtained in groups of 
patients can be suffi ciently reliable (84).   

 Conclusion 

 Particle repositioning manoeuvre and VR are 
thought to improve long-term outcomes for BPPV 
(72 – 75). Nevertheless, natural resolution of untreated 
cases is probably around 20 – 30% (81 – 83) and 
recurrence is also high in treated patients (75). 
Thus, the real long-term effectiveness of particle 
repositioning manoeuvre and VR in the elderly is still 
questionable. 

 Rehabilitation of gait and balance disorders in 
patients with normal vestibular function depends on 
the prevalent cause of the problem. Sarcopenia and 
other forms of lower limb muscular weakness may 
benefi t from home-made or group exercise, Tai Chi, 
dancing or other vocational activities. Recently, 
Nubia et   al. (77) measured the effects of aquatic 
lower limb muscle endurance training in communi-
ty-dwelling healthy elderly people. After 40-min ses-
sions twice a week for six weeks, participants showed 
a signifi cant improvement in their static and dynamic 
balance. 

 In contrast, patients with cerebellar gait disorders 
generally gain little from rehabilitative treatments. 
Furthermore, because the cerebellum is the key 
centre for adapting postural refl exes, they are also 
unable to use their vision to improve their balance, 
and their walking may be severely impaired even 
when they can see clearly. Nevertheless, with ade-
quate counselling these patients should be made 
aware of their limits and abilities, and given access 
and knowledge concerning walkers, canes, and 
related appliances. 

 A recent Cochrane review (78) provides the pos-
sible outcomes in the rate of falls and the risk of 
falling for a series of different treatments: 

  Group and home-based exercise programmes 1. 
including Thai Chi, and home safety interven-
tions, reduce rate of falls and risk of falling.  
  Multifactorial assessment and intervention pro-2. 
grammes (i.e. pacemakers in people with carotid 
sinus hypersensitivity, podiatry in people with 
disabling foot pain, gradual withdrawal of psy-
chotropic medication) reduce rate of falls but 
not risk of falling.  
  Overall, vitamin D supplementation does not 3. 
appear to reduce falls but may be effective in 
people who have lower vitamin D levels before 
treatment.  

 In conclusion, a multifactorial approach could be the 
best solution for a number of elderly people, who 
generally suffer from multiple defi ciencies (79). 

 Unfortunately, several studies have demonstrated 
that the results achieved can soon be lost if the elderly 
revert to their previous sedentary lifestyle and limited 
activity. One way to avoid this is to continue the pos-
tural training at home whenever feasible, possibly 
prescribing more straightforward exercises to help 
patients maintain a minimal but continuous practice 
routine (80). 

 Finally, it is important to bear in mind that elderly 
people who have fallen may have a degree of cogni-
tive impairment that prevents them from properly 
appreciating the risk of falling again and the need to 
contain it. Sadly, it is impossible to eliminate all risks 
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 In general, protocols of vestibular and balance 
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