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Abstract
Background: Human beings rely on multiple systems to maintain 
their balance as they perform their activities of daily living. These 
systems may be undermined functionally by both disease and 
the normal aging process. Balance impairment is associated with 
increased fall risk.
Purpose: This paper examines the dynamic formulation of balance 
as activity and reviews the biological mechanisms for its control. 
A “minimal-technology” scheme for its clinical evaluation in the 
ambulatory care setting is proposed.
Methods: The PubMed, Scopus and CINAHL databases were 
searched for relevant articles using the following terms in 
combination with balance: aging, impairment, control mechanisms, 
clinical assessment. Only articles which describe test procedures, 
their psychometrics and rely exclusively on equipment found in a 
regular physician office were reviewed.
Results: Human bipedal stance and gait are inherently low in 
stability. Accordingly, an elaborate sensory apparatus comprising 
visual, vestibular and proprioceptive elements, constantly monitors 
the position and movement of the body in its environment and 
sends signals to the central nervous system. The sensory inputs 
are processed and motor commands are generated. In response 
to efferent signals, the musculoskeletal system moves the body 
as is necessary to maintain or regain balance. The combination of 
senescent decline in organ function and the higher prevalence of 
diseases of the balance control systems in older adults predisposes 
this population subset to balance impairment. Older adults with 
balance impairment are likely to present with “dizziness”. The history 
should concentrate on the first experience, with an attempt made to 
categorize it as a Drachman type. Since the symptomatology is often 
vague, several of the recommended physical tests are provocative 
maneuvers aimed at reproducing the patient’s complaint. Well-
validated questionnaires are available for evaluating the impact 
of “dizziness” on various domains of patient’s lives, including their 
fear of falling. Aspects of a good history and physical examination 
not otherwise addressed to balance function, such as medications 
review and cognitive assessment, also yield information that 
contributes to a better understanding of the patient’s complaint. 
Ordinal scales, which are aggregates of functional performance 
tests, enable detailed quantitative assessments of balance activity.
Conclusion: The integrity of balance function is essential for 
activities of daily living efficacy. Its deterioration with aging and 
disease places older adults at increased risk of falls and dependency. 
Balance can be effectively evaluated in the ambulatory care 
setting, using a combination of scalar questionnaires, dedicated 
history-taking and physical tests that do not require sophisticated 
instrumentation. 
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Introduction
Balance impairment is common among older adults and 

estimates of its prevalence range between 20 and 50% [1]. In basic 
terms, loss of balance occurs when the center of mass (CoM) falls out 
of alignment with the base of support (BoS). With about two-thirds of 
body mass about two-thirds of body height above a relatively narrow 
BoS, human bipedal stance and gait are inherently low in stability. 
Further, the BoS is about halved when standing on one leg, adding to 
the potential instability. It is therefore not surprising that an elaborate 
biological substrate has evolved for maintaining or regaining balance.

Human beings move about as they perform their activities of daily 
living and are often exposed to destabilizing environmental forces. 
As a result, the relationship between the CoM and BoS is continually 
changing, thus requiring that balance be considered in a dynamic 
context. Rather than collapse when the line of gravity through the 
CoM falls outside the BoS, human beings are able to take corrective 
action to achieve favorable realignment. Consequently, balance is more 
appropriately regarded as an activity, instead of as a mere state [2].

Failure to regain balance after destabilization results in a fall. In 
older adults, falls are relatively common events, with 20 - 30%  of 
them experiencing one or more falls annually. At least 10% of these 
events result in very serious injury such as fractures, dislocation or 
head injury and the mean cost of an injurious fall ranges between 
$3,476 and $10,749 per faller [3,4]. However, many balance-impaired 
older adults will come to medical attention, not because they have 
fallen, but because they suffer from “dizziness” - a term often used 
synonymously with balance impairment from a symptomatic 
standpoint in the medical literature [5]. In the office, the assessment 
of balance is often cursory and the diagnosis, unrefined, due at least in 
part, to time constraints. A careful reflection on the biology of balance 
however makes a rewarding evaluation possible, using simple tests 
that require only keen observation and little or no technology. Very 
useful information can be generated and this will greatly facilitate 
the task of the physical therapist who may then concentrate on the 
development and implementation a treatment plan. In the present 
article, we briefly review the basic control mechanisms of balance and 
outline a compact scheme for its clinical assessment by a physician in 
the ambulatory care setting.
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Literature Search
Three electronic bibliographic databases: PubMed, Scopus and 

CINAHL, were searched for balance assessment tools. The searches 
reached back to 2000 and included keywords and controlled 
vocabulary terms appropriate to each database. The first step was 
a high-sensitivity search of PubMed, using the following strategy: 
http://www.ncbi.nlm.nih.gov/pubmed?term=((“balance tests” OR 
“balance test” OR “balance assessment” OR “balance assessments” OR 
“postural balance”[majr])) AND (older OR aged[mesh] OR elderly). 
It generated 5,010 articles. The searches of Scopus and CINAHL 
retrieved 199 and 264 articles respectively and were both overlapped 
by the PubMed search. We then proceeded to a refinement of the 
PubMed strategy to identify articles of randomized controlled trials 
(635). The inclusion of terms defining the clinical environment (office 
OR clinic) selected out 255 articles whose abstracts were reviewed to 
confirm eligibility.

Multiple assorted assessment tools were used in the majority of 
studies. Those that used equipment that are not now standard to a 
physician office (e.g. moving platforms, Nintendo Wii, accelerometers) 
exclusively (8 in number) were excluded. Also excluded were studies 
in which it was unclear that balance was actually measured (10 in 
number), the wrong “balance” (fluid, acid-base) or other irrelevant 
outcome was measured (4 in number). Six studies with participants 
under 50 years of age filtered through and were excluded. One article 
was in Russian and did not have an English or French abstract and 
another was a systematic review on exercise and osteoarthritis that 
did not contain enough information about its balance assessment 
component. Both were not considered further. In all, a total of 30 
articles were excluded and the remaining 225 articles were reviewed 
for information about the non-instrumented office-appropriate 
balance tests used.

Physiology and Pathophysiology of Balance
Balance activity is mediated by three systems: sensory, motor and 

central processing. The central nervous system integrates sensory 
inputs and generates the motor commands which control the position 
of the body both at station and as it moves within its environment. An 
impairment in any of these systems can result in a deficit in balance 
control. Such impairment may be due to specific pathology or the 
progressive decline of function in the course of normal aging.

Sensory inputs relevant to balance reach the central nervous 
system from the visual, vestibular and proprioceptive apparatus. 
Visual signals are used to create the spatial map of the environment 
within which objects are assessed in terms of their location, speed 
and direction of movement. After age 50, vision begins to deteriorate, 
with progressive decline in acuity, depth perception, contrast and 
glare sensitivity, accommodation and dark adaptation [6] Impaired 
depth perception is assessed to be one of the strongest risk factors 
for multiple falls in community-dwelling older adults [7]. As edge 
contrast sensitivity is lost, the propensity to trip over obstacles such 
as steps, curbs and cracks in the foot path increases [8]. Older adults 
have a significantly higher incidence of the common eye diseases - 
cataract (15.5%), glaucoma (3.5%) and macular degeneration (8.8%) 
[9].

The vestibular apparatus provides information about the position 
and movements of the head - the semicircular canals for angular 
acceleration, and the utriculosaccular system for linear acceleration 
as well as tilt related to gravity. The vestibulo-ocular and vestibulo-
spinal reflexes respectively maintain visual fixation during head 
movements and stabilize the head during movements of the trunk 
and extremities. Studies of vestibular function have shown that 
impairment results in increased risk of falls and fall-related injuries 
[10].  Like vision, vestibular function deteriorates with normal aging 
and the prevalence of vestibulopathies increases from 49.4% in the 
7th decade to 84.8% in the 9th decade [11].

Muscle spindles, Golgi tendon organs and joint capsule 
mechanoreceptors collect information about joint position and 

movement. At standstill, such proprioceptive information is 
considered to be the most important contributor to balance since the 
threshold for the perception of changes in center of pressure velocity 
is lower than that of the visual and vestibular systems [12].  During 
gait, proprioception is involved in the coordination of stepping to 
ensure ideal foot placement. The association between proprioceptive 
deficits in the lower extremities and falls is well-established [13].

Proprioceptive acuity declines with normal aging. In a recent 
study, older women were shown to have a 3 - 4 times higher 
threshold for the detection of movement at the ankle than their 
younger counterparts [14]. Specific pathologies which interfere with 
proprioception and are more prevalent in old age include peripheral 
neuropathy [15] and degenerative joint disease [16].

The skeletal musculature, the skeleton and its joints constitute 
the motor apparatus of the balance control system. Starting in the 
mid-twenties, there is progressive loss of lean body mass such that 
the cross-sectional area of the vastuslateralis for instance, decreases 
by approximately 40% between ages 20 and 80 [17].  Muscle strength 
is typically maintained at peak levels into the 5th or 6th decade. 
Thereafter, accelerated decline occurs, with as much as 50% lost by 
age 80 [18].  Lower extremity muscle weakness is highly correlated 
with fall risk in older adults [19] and, conversely, improvements in 
balance occur after lower extremity muscle strengthening exercise 
interventions [20].

Augmenting the BoS through stepping or grasping is one of the 
motor strategies for maintaining balance or recovering from its loss. 
If the BoS is constrained, such as when standing one-footed on a 
narrow beam, hip joint moments of the stance limb are used to vary 
the horizontal component of the ground reaction force so as to keep 
the CoM over the BoS [21].  Moments of force are also generated 
at the contralateral hip as well as the shoulders and neck to limit 
the angular acceleration of the head-arms-trunk complex. There is 
evidence that the success of these strategies is dependent on the speed 
with which they are implemented [22]. With advancing age however, 
the rate of torque development declines - by as much as 3.5% per year 
from age 65 [23], a process which correlates with the preferential loss 
of fast-twitch myofibers in aging muscle [24].

With regard to central processing, the interaction between 
cognition and postural control is well-established and especially 
manifest under dual-task conditions requiring the partitioning of 
attentional resources [25]. Catastrophic losses of balance are more 
prevalent among older adults with dementia than in their cognitively 
intact counterparts [26]. At a biochemical level, cholinergic 
mechanisms likely underlie the relationship between cognition 
and balance control. The cholinergic system, especially in the 
hippocampus and nucleus basalis of Meynert, is a specific controller 
of selective attention while thalamic anti cholinesterase activity plays 
an important role in balance control and the generation of movement 

[27]. Accordingly, cholinesterase inhibitors are the key drug class 
in the management of dementia and a few small-scale studies have 
shown a beneficial effect of their use in motor performance [28,29].

The sensory organs which transmit impulses to the central 
nervous system are prone to error due to the nature of their frames 
of reference. The visual system is sensitive to relative motion between 
the body and the environment and so may confuse environmental 
movement with self-motion - the illusion of vection. Likewise, the 
proprioceptive system, which is referenced to the support surface, is 
apt to generate erroneous output when that surface moves. Therefore, 
signaling conflict resolution is important and the central nervous 
system is usually able to compensate for unreliable or discordant 
sensory input [30].

Central processing deteriorates with advancing age. In one 
experiment, participants of various ages were required to walk 
to a target straight ahead of them under various conditions of 
sensory degradation (e.g. blurry vision, vestibular scrambling with 
transmastoidal galvanic stimulation). Whereas young adults were 
able to integrate the discordant inputs successfully and maintain 

https://email.med.umich.edu/owa/redir.aspx?SURL=8JlUJXSseHedNsWkbQf8asSyrkQOKUJv1oKwXSgEVeidzx6O9qvSCGgAdAB0AHAAOgAvAC8AdwB3AHcALgBuAGMAYgBpAC4AbgBsAG0ALgBuAGkAaAAuAGcAbwB2AC8AcAB1AGIAbQBlAGQAPwB0AGUAcgBtAD0AKAAoAA..&URL=http%3a%2f%2fwww.ncbi.nlm.nih.gov%2fpubmed%3fterm%3d((
https://email.med.umich.edu/owa/redir.aspx?SURL=4RKvVtmLbLYmRSVorfD-..&URL=http%3a%2f%2fwww.ncbi.nlm.nih.gov%2fpubmed%3fterm%3d((%2522balance%2520tests%2522%2520OR%2520%2522balance%2520test%2522%2520OR%2520%2522balance%2520assessment%2522%2520OR%2520%2522balance%2520assessments%2522%2520OR%2520%2522postural%2520balance%2522%5bmajr%5d))%2520AND%2520(older%2520OR%2520aged%5bmesh%5d%2520OR%2520elderly)
https://email.med.umich.edu/owa/redir.aspx?SURL=4RKvVtmLbLYmRSVorfD-..&URL=http%3a%2f%2fwww.ncbi.nlm.nih.gov%2fpubmed%3fterm%3d((%2522balance%2520tests%2522%2520OR%2520%2522balance%2520test%2522%2520OR%2520%2522balance%2520assessment%2522%2520OR%2520%2522balance%2520assessments%2522%2520OR%2520%2522postural%2520balance%2522%5bmajr%5d))%2520AND%2520(older%2520OR%2520aged%5bmesh%5d%2520OR%2520elderly)
https://email.med.umich.edu/owa/redir.aspx?SURL=4RKvVtmLbLYmRSVorfD-..&URL=http%3a%2f%2fwww.ncbi.nlm.nih.gov%2fpubmed%3fterm%3d((%2522balance%2520tests%2522%2520OR%2520%2522balance%2520test%2522%2520OR%2520%2522balance%2520assessment%2522%2520OR%2520%2522balance%2520assessments%2522%2520OR%2520%2522postural%2520balance%2522%5bmajr%5d))%2520AND%2520(older%2520OR%2520aged%5bmesh%5d%2520OR%2520elderly)
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an accurate heading to target, their older counterparts showed 
considerable path deviation and trunk tilt in the frontal plane [31]. 
The morphological correlates of central processing decline include a 
shrinking neuron pool and myelin loss, to the extent that the brain at 
age 90 is about 90% of its maximum weight [8].

Approach to the Patient with a Balance Problem
As in every good clinical evaluation, a detailed history and 

thorough physical examination are the linchpin. While all components 
of both processes are relevant and may contribute to elucidating the 
problem, the present account will be confined to those elements 
that are addressed uniquely to balance and are often not a part of 
traditional history-taking and physical examination by physicians in 
the office. The assessment of cognition at every new patient visit, for 
instance, is standard practice in geriatric care. Hence, the evaluation 
of central processing will not be discussed further.

History
Many older adults with balance impairment present after they 

have fallen but the complaint most commonly associated with 
defective balance is “dizziness” [5]. Unfortunately, “dizziness” is a 
vague term often used to describe any unpleasant sensation felt when 
orientation in three-dimensional space changes. It is recommended 
that whenever patients present with dizziness, they should be 
asked to describe the experience without using the terms “dizzy” or 
“dizziness”. Also, the emphasis should be on the very first episode 
because compensatory mechanisms, both adaptive and maladaptive, 
tend to distort the character of subsequent episodes and obscure the 
diagnosis.

Drachman organized the various common descriptions of 
dizziness into four categories (Table 1) [32].

Type 1, vertigo, is an illusion of movement. The overwhelming 
majority (about 90%) of the causes of vertigo are pathologies of the 
peripheral vestibular apparatus [8].

Type 2, presyncope, is characterized by a sensation of impending 
loss of consciousness due to cerebral hypoperfusion. The symptoms 
resolve with recumbency, except in cases of underlying cardiac 
disease.

Type 3, dizziness, dysequilibrium, may be sensory or motor. With 
the exception of cases due to visuo-vestibular mismatch, sensory 
dysequilibrium, unlike its motor counterpart, is exacerbated under 
conditions of poor ambient illumination [33].

Psychogenic dizziness (Type 4)is the least well-characterized and 
may well be fractional evolving forms of the other types of dizziness.32In 
these patients, hyperventilation may induce presyncope but facial 
pallor is absent and the symptom persists after lying down [34].

At the time patients call to schedule their office appointments, 
they should be sent the scalar questionnaires shown in Table 2 which 
enquire about very useful clinical features of their complaint. The 
Activities-specific Balance Confidence (ABC) [35] scale assesses the 
patient’s self-rated confidence in being able to complete a panel of 
16 tasks without becoming unsteady or falling. Fear of falling (so-
called ptophobia) is common among older adults, including those 
who have never fallen [36].  It leads to self-imposed physical activity 
restrictions which in turn increase the risk of physical deconditioning 

Type Features Etiology
1. Vertigo Rotary or tilting sensation

Episodic 

Possible associations: nystagmus

                                     oscillopsia 

Vegetative symptoms: nausea

                                               Vomiting

                                               Pallor

                                               diaphoresis

Labyrinthiasis (often viral)

BPPVa (canalithiasis, cupulolithiasis)

Labyrinthine ischemia (posterior circulation stroke)

Endolymphatic hydrops (e.g. Meniere disease)

Ototoxicity (if damage asymmetric)

Trauma 

Central vestibular connections (about 10% of cases)

2. Presyncope Sensation of impending loss of consciousness

Gradual onset (except if cardiac)

Resolution with recumbency (except if cardiac)

Associations:        generalized weakness

                              visual dimming

Vegetative symptoms (as with vertigo)

Dehydration

Orthostasis

Vasovagal phenomena

              Sympatholytic drug therapy (alpha blockade)

Primary autonomic insufficiency

3. Dysequilibrium Unsteadiness while standing or walking

Exacerbated by poor lighting if sensory

Proprioceptive deficit (e.g. peripheral neuropathy)

Visuo-vestibular mismatch (e.g. use of optical devices)

Compensated unilateral or balanced bilateral                                                                              
vestibulopathy

Dementia

Central motor disorders (stroke, Parkinson disease)

Musculoskeletal disorders (e.g. DJDb, myopathies)

Neuromuscular junction disorders (MGc, L-ESd)
4. Psychogenic Vague sensation of giddiness or dissociation 

Protracted or continuous with periodic flaresTrigger often identifiable (crowds, 
confined spaces)

May be induced by hyperventilation

Associations:     anxiety (acute or chronic)

                             "light-headedness"

                             "heavy-headedness"

                             "wooziness"

Anxiety disorder

Mood disorder

Table 1: Classification of Dizziness

a: Benign paroxysmal positional vertigo; b: Degenerative joint disease; c: myasthenia gravis; d: Lambert-Eaton syndrome   
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The walk-and-turn and seated head turn tests are designed to 
provoke Type 3 dizziness (dysequilibrium). In the walk-and-turn test, 
the seated patient is asked to get up, walk a distance of about 10 meters 
and return to her seat. If symptoms like the presenting complaint 
develop, then she likely has dysequilibrium. In the seated head turn 
test, the patient extends the neck and rotates the head slowly from 
side to side, as if following an aircraft flying overhead. Dizziness with 
this maneuver implicates the cervical spine.

Audiologic tests

Due to the intimate anatomical proximity of the peripheral auditory 
and vestibular systems, audiologic testing is customarily undertaken as a 
component of balance assessment. In idiopathic endolymphatic hydrops 
for instance, a characteristic feature is combined low- and high-frequency 
hearing impairment which tends to fluctuate over time. A hand-held 
audiometer such as the Audioscope, and a 512Hz tuning fork can be used 
to screen for hearing loss in clinic. The Audioscope assesses hearing at the 
speech frequencies of 500Hz, 1000Hz, 2000Hz and 4000Hz using tones 
at 40dB level. Failure to hear a tone at any of the three lower frequencies 
(500 - 2000Hz) in either ear constitutes a positive screen [40].

The Rinné tuning fork test is recommended as an unbiased and 
sensitive test for both confirming audiometric findings and detecting 
conductive hearing loss [41]. The stem tip of the vibrating tuning fork 
is applied to the mastoid process and, as soon as the patient indicates 
he can no longer sense the vibration, the tines are placed 1 - 2 cm 
from the external acoustic meatus. If the patient hears the vibration, 
then air conduction is better than bone conduction and conductive 
hearing loss is ruled out.

Visual test

The Snellen chart is used for visual acuity testing. The test is 
administered with the older adult standing 20 feet from the chart and 
wearing corrective lenses if applicable. She reads the letters from top 
down and her visual acuity is the Snellen fraction of the row some but 
not all of whose optotypes she is able to read. A visual acuity of 20/40 
or less is a positive screen.

Visual acuity however, is only one of several balance-relevant 
visual parameters. Others (visual field, depth perception, contrast 
and glare sensitivity) are assessed only if the history is suggestive and 
referral to an ophthalmology service is usually necessary.

Vestibular tests

Clinical vestibular tests use nystagmus and truncal sway or 
deviation as markers of vestibulo-ocular and vestibulo-spinal 
dysfunction respectively.

and that of more falls. In head-to-head comparison, the ABC scale 
was found to be more efficient at discriminating between low- and 
high- mobility confidence older adults than the Falls Efficacy Scale. 
It has very good item responsiveness, making it very suitable for use 
with high-functioning community-swelling older adults [35].

The Dizziness Handicap Inventory (DHI) consists of 25 items 
organized into three subscales - physical, functional and emotional 
[37]. It thus evaluates the impact of dizziness on multiple dimensions 
of patients’ lives and helps to guide therapy in terms of areas of 
emphasis. Its high test-retest reliability makes it a good tool for 
assessing the effects of intervention.

Physical Examination
Tests dedicated to the clinical assessment of balance that are 

appropriate to the ambulatory care setting are reviewed in this section.

Symptom simulation

Symptom simulation is a strategy for challenging the balance 
control system in ways that provoke specific symptoms. This is 
particularly useful when the patient’s presentation is vague or poorly 
articulated. If, for instance, a patient admits that her symptom is 
reproduced when one of the simulation tests is administered, then 
the presentation is clarified since the mechanism of the test is known. 

The head-hanging test (HHT; also called Dix-Hallpike or Nylén-
Báràny maneuver) is aimed at eliciting Type 1 dizziness (vertigo). It 
is administered in three steps. First, the head of the seated patient is 
rotated to one side, facing the examiner. In this position, the plane of the 
ipsilateral posterior semicircular canal is oriented anteroposteriorly for 
maximal stimulation. Next, the patient is rapidly moved into a supine 
position. In the final step, the head is inclined to a position at least 10° 
below the horizontal and the eyes are observed for nystagmus. The test is 
highly specific for benign paroxysmal positional vertigo (BPPV) and the 
nystagmus elicited in this condition is characterized by a latency of 5 - 10 
seconds, a duration of 15 - 45 seconds, a torsional or up-beating quality 
and extinction with repeated provocations. Some patients with otherwise 
classic BPPV symptoms do not exhibit nystagmus in the head-hanging 
position but complain of a short vertiginous spell during and after 
sitting up, sometimes with trunk retropulsion. This has been described 
as subjective or Type 2 BPPV and is considered to be due to chronic 
canalithiasis in the short arm of the posterior semicircular canal [38].

Upward vertical postural change is designed toprovoke Type 
2 dizziness (presyncope). In orthostatic blood pressure testing, the 
blood pressure is measured with the supine position and after 2 
minutes of standing. A drop of > 20% in mean arterial pressure has 
been shown to correlate better with dizziness than a > 20 torr drop in 
systolic or > 10 torr drop in diastolic pressure [39].

Instrument Components Scaling/Scoring Psychometrics 
Activities-specific

Balance Confidence

(ABC) Scale 

16 items Item:

          0% No Confidence 

          100% Complete Confidence

          Aggregate:

         < 50% Low-functioning

         50-80% Moderate level

         > 80%  High-functioning

At cutpoint of 67% (fallers vs non fallers):

Sensitivity 84%

Specificity 87%

Dizziness Handicap

Inventory (DHI) 

Subscales:  

- Physical  7 items

- Functional 9 items

- Emotional 9 items

Item: 

0 = No 

2 = Sometimes

4 = Yes

Aggregate:

16 - 34 Mild Handicap

36 - 52 Moderate Handicap

> 54 Severe Handicap

Internal consistency: Cronbach alpha 0.89

Test-retest reliability: Pearson r > 0.80

Table 2: Scalar Questionnaires for Balance Assessment
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The head-hanging test (HHT) has already been described. The 
head impulse or head thrust test (HIT or HTT) is administered with 
the patient supine and fixated on a visual target directly above the 
head. The examiner than rotates the head from a position about 300 
to one side, to one 300 to the opposite side. The eyes are observed 
for nystagmus immediately upon cessation of head movement. 
Normally, the amount of eye movement needed to regain fixation 
is very small. Vestibular derangement is present if such movement 
is excessive or asymmetric. The HIT has low sensitivity (54%) but is 
very specific (100%) [42].

Two tests are addressed to the vestibulospinal system namely, 
foam posturography and the Fukuda stepping. Foam posturography 
is an adaptation of sensory organization testing which uses the 
technique of sway referencing to force reliance on the vestibular 
apparatus for the maintenance of upright stance [43].  The individual 
stands on a dense foam pad about 10cm thick with arms folded across 
the chest and is observed for sway, first with eyes open and then with 
eyes closed. The compliance of the foam pad degrades somatosensory 
input and, with eyes closed, only vestibular signals are available for 
orientation. Excessive sway suggests a disorder of the vestibulospinal 
system. The patient must be spotted during the test, in case of 
catastrophic loss of balance. Foam posturography has high sensitivity 
(95%), specificity (90%) and correlation (p<0.005) with laboratory-
based platform posturography.

In the Fukuda stepping test, the patient is instructed to march in 
place with eyes closed and both upper extremities extended forward. 
After 60 steps, any rotational movement is noted. If it is greater 
than 450, vestibulospinal dysfunction is implicated [44].  Fore-aft 
movement is not considered abnormal.

Functional performance tests

Function performance tests are based on postural activities 
and movements which occur in the course of everyday life. The 
timed tests measure how long a patient can maintain a given static 
posture, perform a given stepping sequence or walk a set distance. 
The Romberg test is performed in bipedal stance. In the standard 
test, the patient is first observed for about 30 seconds with eyes open, 
feet together in parallel and arms by the side. Note is made of any 
sign of unsteadiness such as sway or stepping. Then the observation 
is repeated with the patient’s eyes closed. The test is positive (i.e. 
Romberg sign is present) if the patient is steady with eyes open but 

considerably unsteady with eyes closed. The patient must be spotted 
during the test. Romberg sign is typically present in sensory ataxia 
due to proprioceptive impairment or loss of dorsal column integrity. 
It may also be elicited in vestibular ataxia, in which case the swaying 
is delayed in onset, of small amplitude and in one direction which 
changes with head movements. If the patient is very unsteady with 
eyes open, then the ataxia is probably cerebellar [5].

The unipedal stance test (UST) assesses balance in the frontal 
plane which is pertinent to the swing phase of bipedal gait. The 
patient is instructed to balance on a foot of their choosing for as long 
as possible. The time decreases from > 30 seconds in the third decade, 
to 14.2 ± 9.3 seconds in the eighth decade [45]. It is also correlated 
with frailty, peripheral neuropathy and risk of injurious falls [46,47]. 
The UST is very popular, due largely to its simplicity. However, if it is 
administered without standardization of the initial interpedal stance 
width, discrimination between groups is suboptimal [48].

The four-square step test (FSST) is used to assess dynamic 
standing balance. It was developed using a population of community-
dwelling older adults [49] and has since been validated in other 
groups, most recently in persons recovering from stroke [50]. It 
entails stepping over four canes 2.5 cm thick laid out to form a cross, 
moving sequentially from one square to the next and completing two 
circuits in opposite directions (clockwise, then counterclockwise). 
The individual is required to face the same direction and must be 
bipedal in each square. The performance andis timed and in the 
original study, a cutpoint of 15 secs identified multiple fallers with 
a positive predictive value of 86% and a negative predictive value of 
94% [49].

The timed up-and-go test measures the time taken by the seated 
individual to stand up from a standard armchair (seat height - 46 cm; 
armrest height - 65 cm), walk a distance of 3 meters quickly but safely, 
turn, walk back to the chair and sit down [51]. It evaluates dynamic 
balance and most healthy adults will complete the test in < 10 seconds. 
Community dwelling is considered unsafe for persons who take > 20 
seconds. Using a cut point of 13.5 seconds, the test has a sensitivity 
and specificity of 87%, correctly identifying 13 of 15 fallers as well as 
13 of 15 non-fallers.

The prototypical reaching test is the functional reach test (FRT) 
[52]. It measures the maximum distance the patient can reach in the 

Battery Components Scoring Psychometrics

Performance-Oriented

Mobility Assessment

(POMA) 

Balance subscale = 9 items

Gait subscale       = 8 items

Takes ~10 mins to complete

Range: 0 – 28

< 18 - High fall risk

> 25 - Low fall risk

Reliability: Pearson r =0.85

Validity: r = 0.91 (vs BBS)

Mini-BESTest Fourteen items

Takes 10 - 15 mins to complete

Item score: 0 – 2 Test-retest reliability ICC = 0.96

Inter-rater reliability ICC = 0.98

Convergent reliability = r = 0.85 (vs. BBS)
Berg Balance Scale

(BBS) 

Task performance = 7 items

Posture maintenance= 7 items

Takes ~20 mins to complete

Range: 0 – 56

< 20- High fall risk

21 - 40- Moderate fall risk 

> 40 - Low fall risk

Reliability: kappa coefficient = 0.98

Validity: r = 0.91 (vs POMA)

Internal consistency: Cronbach α = 0.96

Brunel Balance Hierarchy of 12 items

Takes ~10 mins to complete

Pass/fail at each level

Patient progresses to next

level until failure

Coefficient of reproducibility1= 0.99 Assessment

Coefficient of scalability (subjects)2 = 0.88 (BBA) 
Coefficient of scalability (items)2= 0.69

Item-Total Correlation   = 0.34 - 0.84

Internal consistency: Cronbach α = 0.92

Reliability (kappa coefficient) = 1.0

Validity (Spearman rho; vs BBS) = 0.97  

Table 3: Ordinal Scales

1: coefficient of reproducibility is the likelihood that the patient will fail all the items following the final item passed and pass all the items preceding it.
2: coefficient of scalability is the proportion of scaling errors to "maximum errors". Maximum errors are extreme scores - the number of subjects who pass or fall all items 
or the number of items passed or failed by all subjects.

Both coefficients and the step-wise negative correlation between pass rate and task difficulty are measures of hierarchy. 
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forward direction with a closed fist at shoulder height beyond arm’s 
length without movement of the feet. It assesses dynamic standing 
balance and correlates well (Pearson r = 0.71) with center of pressure 
excursion which is the laboratory measure of the stability margin. A 
distance of <  6 inches is predictive of falls.

Ordinal scales

Since balance is a complex construct requiring the interaction 
of multiple systems, no one test can capture all of its characteristics. 
It stands to reason therefore that aggregating the functional 
performance tests into batteries and scoring them on an ordinal scale 
instead of nominally, would be more informative. Two of the best-
validated scales are the Performance-Oriented Mobility Assessment 
(POMA) and the Berg Balance Scale (BBS). Others are the Brunel 
Balance Assessment (BBA) and the mini-BESTest (Table 3).

The POMA [53] consists of 2 subscales: balance and gait. There 
are nine items on the balance subscale and all are maneuvers used in 
the performance of everyday activities. With the exception of three 
items, scoring is on a 3-point ordinal scale, with 0 indicating the 
highest level of impairment and 2, independence and efficacy. The 
exceptions are sitting balance, standing with eyes closed and turning 
through 3600 which are scored on a binary scale. The gait subscale 
consists of 8 items, all but two of which are scored on a binary scale. 
Gait path and trunk sway are scored on a 3-point scale. Scores in both 
subscales are interpreted in aggregate. The POMA takes only about 10 
minutes to complete. It is therefore ecologically sound and can fit into 
most clinic schedules.

The BBS comprises 14 items [54]. Half of them assess the ability 
to perform specific tasks such as transfers, reaching and picking up 
from the floor. The other half assess the ability to maintain positions 
of increasing difficulty by either decreasing the BoS or sensory input. 
Scoring is on a 5-point scale based on the ability to accomplish the 
task independently and meet some time or distance requirements. 
Item 1 for instance, assesses sit-to-stand transfer. The score is zero 

if moderate to maximal assistance is needed to stand, and 4 if the 
patient is able to stand without use of hands as well as stabilize 
independently. A score below 45 is predictive of falls.

The BBS is perhaps the best known balance assessment instrument. 
It has been validated in diverse groups and settings including 
community-dwelling older adults, institutionalized older adults and 
stroke patients. However, there would appear to be considerable 
redundancy in its item complement and rating structure. Kornetti 
and colleagues showed that performance in only four of the 14 items 
was critical for achieving a score at or near the cutoff of 45 [55]. It 
takes about twice as long as POMA to complete.

The BBA [56] was designed with the shortcomings of the BBS 
in mind. It comprises 12 balance tasks organized in a challenge 
hierarchy, with task difficulty progressed by BoS reduction (e.g. sitting 
to bipedal stance to unipedal stance) and increase in complexity (e.g. 
static supported to static unsupported to dynamic). It meets very 
strict scaling criteria but unfortunately, has only been validated in the 
stroke population, to be best of our knowledge.

The Mini-BESTest is a 14-item derivative of the much longer 
Balance Evaluation Systems Test [57]. The items are scored on a 
3-point scale (0 - 2) and are focused on the assessment of dynamic 
balance control. Among them is a modified TUG test, sharpened 
for divided attention testing by the concomitant performance of 
serial 3’s. The estimated time investment is modest (10 - 15 mins). 
In comparison with the BBS, using a convenience sample of in-
patients mostly with Parkinson disease and post-stroke hemiparesis, 
the mini-BESTest showed a lower ceiling effect and was slightly more 
reliable.58o It was also more accurate in identifying patients who had 
shown significant improvement after undergoing rehabilitation. 
Its psychometric properties are impressive (Table 3). However, 
validation in other populations, especially in non-post-acute care 
settings, is awaited. Only 6 of the 93 patients in the study by Godi 
and colleagues [58] had the kind of balance problem (“unspecified age 

         

- Consider psychogenic dizziness (Drachman IV) a diagnosis of exclusion.  
Likelihood enhanced by presence of significant mood/anxiety disorder. 
- Administer a cognitive screen (MMSE, SLUMS, MoCA) to assess central processing  

 BALANCE DISORDER 
“Dizziness” 

Orthostatic BP Check 

?With upward vertical 
changes in posture 

Fukuda Stepping 
[Vestibulo-spinal] 

Dix-Hallpike 
[Vestibulo-ocular] 

Sustained Evanescent 
With head movements 

NO YES 

?Vertiginous 

Obtain History (including medications). 
Review co-morbidities. 

Obtain History (including medications).  
Review co-morbidities.  
Consider TUG.  
Advise as applicable.  
Follow up. 

Moderate-Severe 
Handicap (≥ 36) 

Mild Handicap 
(≤ 34) 

Low-Moderate 
Functioning (≤ 80%) 

High-Functioning 
(>80%) 

DHI 

ABC Scale 

Pre-Visit 
Questionnaires 

YES NO 

Consider TUG 

Walk-and-Turn 
CNS Examination 

Musculoskeletal Exam 

Romberg 
Peripheral Nervous System Examination 

 

?Aggravated by poor ambient lighting 

YES NO 
Consider TUG 

Figure 1: Flowchart of clinical balance assessment.
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related”) which is of particular interest to geriatric care providers in 
the ambulatory setting.

Clinical Balance Assessment
Figure 1 depicts the proposed format for balance assessment in 

the ambulatory care setting.

The pre-visit questionnaires (ABC scale, DHI) evaluate the impact 
of balance impairment on the daily life of the patient. It is important 
for this to be determined since arguably, the best index of symptom 
severity is the degree of functional limitation associated with it.

Obtaining a good history is essential, not only because it is sensible 
traditional clinical practice, but also because it can yield insight to 
the underlying pathophysiology and suggest the most informative 
physical examination. It is noteworthy that the presentation can 
sometimes be very nondescript, with the patient unable to articulate 
his symptom in clear terms. Such a scenario would require that 
provocation tests be administered in an attempt to reproduce the 
patient’s symptoms. The review of the patient’s medications and co-
morbidities is pertinent.

During the physical examination, blood pressure is measured in 
the supine and then upright positions to assess orthostatic tolerance. 
The Walk-and-Turn test seeks to provoke the symptom of the patient 
who might have disequilibrium and complain that she is “unsteady 
on her feet”. Such a patient will then benefit from close sensorimotor 
examination of the lower extremities. The Walk-and-Turn test is also 
an opportunity for gait assessment.

The Fukuda stepping test evaluates the integrity of vestibulo-
spinal coordination. It requires no instrumentation whatsoever (“no-
tech”) and so is preferred to foam posturography.

The Romberg test is recommended for the assessment of static 
balance which is impaired in the various ataxic syndromes which 
manifest as dysequilibrium. The unipedal stance test discriminates 
poorly if the initial interpedal stance width is not standardized – 
which usually is the case.

The TUG assesses dynamic stability and provides a global measure 
of functional mobility. Its administration is highly recommended as 
a standard component in balance evaluation. Among its superior 
psychometric qualities are a normal distribution, the lack of a ceiling 
effect and an apparent relationship to executive function [59].

Future Directions
Body-worn inertial sensors, including linear accelerometers and 

gyroscopes, promise to enhance the assessment of balance in the 
ambulatory care setting. These devices broaden the scope of balance 
control parameters that can be evaluated and enable a more profound 
level of analysis. For instance, anticipatory postural adjustments which 
are the feed forward balance control mechanism that begin to accelerate 
the center of body mass towards the stance limb before the swing limb lifts 
off, can be detected and measured by accelerometry [60]. A composite 
test like the Timed-Up-and-Go which comprises transfers, gait and turn, 
but yields one metric, can be decomposed and information obtained 
about each of its components using the so-called iTUG protocol [61].  
It is hoped that in the near future, wearable inertial sensors will become 
widely available, providing data at a level of precision comparable to 
that of three-dimensional motion analysis and force plate systems at 
a very small fraction of the cost. At the present time, the number of 
research studies in this area remains small and questions regarding type 
of equipment, optimal placement and the most informative outcome 
measures are still being addressed [62].

Acknowledgment
We are grateful to Drs. James Ashton-Miller and Neil Alexander for 

critical reviews of the manuscript and helpful suggestions. The assistance 
of Ms. Whitney Townsend, MLIS, with computerized database searches 
is highly appreciated.

Grant Funding
This research was supported by grants 5P30 AG024824-05 and 

R01 AP026569 (DHHS-NIH).

References
1. Rubenstein LZ, Josephson KR (2002) The epidemiology of falls and syncope. 

Clin Geriatr Med 18: 141-158.

2. Maki BE, McIlroy WE (1997) The role of limb movements in maintaining 
upright stance: the “change-in-support” strategy. Phys Ther 77: 488-507.

3. Tinetti ME, Doucette J, Claus E, Marottoli R (1995) Risk factors for serious 
injury during falls by older persons in the community. J Am Geriatr Soc 43: 
1214-1221.

4. Davis JC, Robertson MC, Ashe MC, Liu-Ambrose T, Khan KM, et al. (2010) 
International comparison of cost of falls in older adults living in the community: 
a systematic review. Osteoporos Int 21: 1295-1306.

5. Furman JM, Cass SP (1996) Balance disorders: a case study approach. FA 
Davis, Philadelphia.

6. Gittings NS, Fozard JL (1986) Age related changes in visual acuity. Exp 
Gerontol 21: 423-433.

7. Lord SR, Dayhew J (2001) Visual risk factors for falls in older people. J Am 
Geriatr Soc 49: 508-515.

8. Sturnieks DL, St George R, Lord SR (2008) Balance disorders in the elderly. 
Neurophysiol Clin 38: 467-478.

9. Kahn HA, Leibowitz HM, Ganley JP, Kini MM, Colton T, et al. (1977) The 
Framingham Eye Study. I. Outline and major prevalence findings. Am J 
Epidemiol 106: 17-32.

10. Di Fabio RP, Emasithi A, Greany JF, Paul S (2001) Suppression of the vertical 
vestibulo-ocular reflex in older persons at risk of falling. Acta Otolaryngol 121: 
707-714.

11. Furman JM, Raz Y, Whitney SL (2010) Geriatric vestibulopathy assessment 
and management. Curr Opin Otolaryngol Head Neck Surg 18: 386-391.

12. Fitzpatrick R, McCloskey DI (1994) Proprioceptive, visual and vestibular 
thresholds for the perception of sway during standing in humans. J Physiol 
478 : 173-186.

13. Richardson JK, Ching C, Hurvitz EA (1992) The relationship between 
electromyographically documented peripheral neuropathy and falls. J Am 
Geriatr Soc 40: 1008-1012.

14. Thelen DG, Brockmiller C, Ashton-Miller JA, Schultz AB, Alexander NB 
(1998) Thresholds for sensing foot dorsi- and plantarflexion during upright 
stance: effects of age and velocity. J Gerontol A Biol Sci Med Sci 53: M33-38.

15. Dyck PJ, Kratz KM, Karnes JL, Litchy WJ, Klein R, et al. (1993) The 
prevalence by staged severity of various types of diabetic neuropathy, 
retinopathy, and nephropathy in a population-based cohort: the Rochester 
Diabetic Neuropathy Study. Neurology 43: 817-824.

16. Wyke B (1979) Cervical articular contribution to posture and gait: their relation 
to senile disequilibrium. Age Ageing 8: 251-258.

17. Lexell J, Taylor CC, Sjöström M (1988) What is the cause of the ageing 
atrophy? Total number, size and proportion of different fiber types studied 
in whole vastus lateralis muscle from 15- to 83-year-old men. J Neurol Sci 
84: 275-294.

18. Larsson L, Grimby G, Karlsson J (1979) Muscle strength and speed of 
movement in relation to age and muscle morphology. J Appl Physiol Respir 
Environ Exerc Physiol 46: 451-456.

19. Whipple RH, Wolfson LI, Amerman PM (1987) The relationship of knee and 
ankle weakness to falls in nursing home residents: an isokinetic study. J Am 
Geriatr Soc 35: 13-20.

20. Hess JA, Woollacott M, Shivitz N (2006) Ankle force and rate of force 
production increase following high intensity strength training in frail older 
adults. Aging Clin Exp Res 18: 107-115.

21. Otten E (1999) Balancing on a narrow ridge: biomechanics and control. 
Philos Trans R Soc Lond B Biol Sci 354: 869-875.

22. Pijnappels M, Bobbert MF, van Dieën JH (2005) Push-off reactions in 
recovery after tripping discriminate young subjects, older non-fallers and 
older fallers. Gait Posture 21: 388-394.

23. Skelton DA, Greig CA, Davies JM, Young A (1994) Strength, power and 
related functional ability of healthy people aged 65-89 years. Age Ageing 23: 
371-377.

24. Tseng BS, Marsh DR, Hamilton MT, Booth FW (1995) Strength and aerobic 
training attenuate muscle wasting and improve resistance to the development 
of disability with aging. J Gerontol A Biol Sci Med Sci 50 Spec No: 113-119.

http://www.ncbi.nlm.nih.gov/pubmed/12180240
http://www.ncbi.nlm.nih.gov/pubmed/12180240
http://www.ncbi.nlm.nih.gov/pubmed/9149760
http://www.ncbi.nlm.nih.gov/pubmed/9149760
http://www.ncbi.nlm.nih.gov/pubmed/7594154
http://www.ncbi.nlm.nih.gov/pubmed/7594154
http://www.ncbi.nlm.nih.gov/pubmed/7594154
http://www.ncbi.nlm.nih.gov/pubmed/20195846
http://www.ncbi.nlm.nih.gov/pubmed/20195846
http://www.ncbi.nlm.nih.gov/pubmed/20195846
http://www.abebooks.com/Balance-DIsorders-Case-Study-Approach-Furman/440854314/bd
http://www.abebooks.com/Balance-DIsorders-Case-Study-Approach-Furman/440854314/bd
http://www.ncbi.nlm.nih.gov/pubmed/3493168
http://www.ncbi.nlm.nih.gov/pubmed/3493168
http://www.ncbi.nlm.nih.gov/pubmed/11380741
http://www.ncbi.nlm.nih.gov/pubmed/11380741
http://www.ncbi.nlm.nih.gov/pubmed/19026966
http://www.ncbi.nlm.nih.gov/pubmed/19026966
http://www.ncbi.nlm.nih.gov/pubmed/879158
http://www.ncbi.nlm.nih.gov/pubmed/879158
http://www.ncbi.nlm.nih.gov/pubmed/879158
http://www.ncbi.nlm.nih.gov/pubmed/11678170
http://www.ncbi.nlm.nih.gov/pubmed/11678170
http://www.ncbi.nlm.nih.gov/pubmed/11678170
http://www.ncbi.nlm.nih.gov/pubmed/20613528
http://www.ncbi.nlm.nih.gov/pubmed/20613528
http://www.ncbi.nlm.nih.gov/pubmed/7965833
http://www.ncbi.nlm.nih.gov/pubmed/7965833
http://www.ncbi.nlm.nih.gov/pubmed/7965833
http://www.ncbi.nlm.nih.gov/pubmed/1328346
http://www.ncbi.nlm.nih.gov/pubmed/1328346
http://www.ncbi.nlm.nih.gov/pubmed/1328346
http://www.ncbi.nlm.nih.gov/pubmed/9467431
http://www.ncbi.nlm.nih.gov/pubmed/9467431
http://www.ncbi.nlm.nih.gov/pubmed/9467431
http://www.ncbi.nlm.nih.gov/pubmed/8469345
http://www.ncbi.nlm.nih.gov/pubmed/8469345
http://www.ncbi.nlm.nih.gov/pubmed/8469345
http://www.ncbi.nlm.nih.gov/pubmed/8469345
http://www.ncbi.nlm.nih.gov/pubmed/517320
http://www.ncbi.nlm.nih.gov/pubmed/517320
http://www.ncbi.nlm.nih.gov/pubmed/3379447
http://www.ncbi.nlm.nih.gov/pubmed/3379447
http://www.ncbi.nlm.nih.gov/pubmed/3379447
http://www.ncbi.nlm.nih.gov/pubmed/3379447
http://www.ncbi.nlm.nih.gov/pubmed/438011
http://www.ncbi.nlm.nih.gov/pubmed/438011
http://www.ncbi.nlm.nih.gov/pubmed/438011
http://www.ncbi.nlm.nih.gov/pubmed/3794141
http://www.ncbi.nlm.nih.gov/pubmed/3794141
http://www.ncbi.nlm.nih.gov/pubmed/3794141
http://www.ncbi.nlm.nih.gov/pubmed/16702779
http://www.ncbi.nlm.nih.gov/pubmed/16702779
http://www.ncbi.nlm.nih.gov/pubmed/16702779
http://www.ncbi.nlm.nih.gov/pubmed/10382221
http://www.ncbi.nlm.nih.gov/pubmed/10382221
http://www.ncbi.nlm.nih.gov/pubmed/15886128
http://www.ncbi.nlm.nih.gov/pubmed/15886128
http://www.ncbi.nlm.nih.gov/pubmed/15886128
http://www.ncbi.nlm.nih.gov/pubmed/7825481
http://www.ncbi.nlm.nih.gov/pubmed/7825481
http://www.ncbi.nlm.nih.gov/pubmed/7825481
http://www.ncbi.nlm.nih.gov/pubmed/7493203
http://www.ncbi.nlm.nih.gov/pubmed/7493203
http://www.ncbi.nlm.nih.gov/pubmed/7493203


Nnodim and Yung. J Geriatr Med Gerontol 2015, 1:1 • Page 8 of 8 •ISSN: 2469-5858

25. Verghese J, Buschke H, Viola L, Katz M, Hall C, et al. (2002) Validity of 
divided attention tasks in predicting falls in older individuals: a preliminary 
study. J Am Geriatr Soc 50: 1572-1576.

26. van Iersel MB, Hoefsloot W, Munneke M, Bloem BR, Olde Rikkert MG 
(2004) Systematic review of quantitative clinical gait analysis in patients with 
dementia. Z Gerontol Geriatr 37: 27-32.

27. Devos D, Defebvre L, Bordet R (2010) Dopaminergic and non-dopaminergic 
pharmacological hypotheses for gait disorders in Parkinson’s disease. 
Fundam Clin Pharmacol 24: 407-421.

28. Montero-Odasso M, Wells JL, Borrie MJ, Speechley M (2009) Can cognitive 
enhancers reduce the risk of falls in older people with mild cognitive 
impairment? A protocol for a randomised controlled double blind trial. BMC 
Neurol 9: 42.

29. Assal F, Allali G, Kressig RW, Herrmann FR, Beauchet O (2008) Galantamine 
improves gait performance in patients with Alzheimer’s disease. J Am Geriatr 
Soc 56: 946-947.

30. Lee DN, Young DS (1986) Gearing action to the environment. Exp Brain Re 
15: 217-30.

31. Deshpande N, Patla AE (2007) Visual-vestibular interaction during goal 
directed locomotion: effects of aging and blurring vision. Exp Brain Res 176: 
43-53.

32. Drachman DA (1998) A 69-year-old man with chronic dizziness. JAMA 280: 
2111-2118.

33. Lanska DJ, Goetz CG (2000) Romberg’s sign: development, adoption, and 
adaptation in the 19th century.Neurology 55: 1201-1206.

34. Furman JM, Jacob RG (2001) A clinical taxonomy of dizziness and anxiety in 
the otoneurological setting. J Anxiety Disord 15: 9-26.

35. Powell LE, Myers AM (1995) The Activities-specific Balance Confidence 
(ABC) Scale. J Gerontol A Biol Sci Med Sci 50A: M28-M34.

36. Mendes da Costa E, Pepersack T, Godin I, Bantuelle M, Petit B, et al. (2012) 
Fear of falling and associated activity restriction in older people. results of a 
cross-sectional study conducted in a Belgian town. Arch Public Health 70: 1.

37. Jacobson GP, Newman CW (1990) The development of the Dizziness 
Handicap Inventory. Arch Otolaryngol Head Neck Surg 116: 424-427.

38. Büki B, Simon L, Garab S, Lundberg YW, Jünger H, et al. (2011) Sitting-up 
vertigo and trunk retropulsion in patients with benign positional vertigo but 
without positional nystagmus. J Neurol Neurosurg Psychiatry 82: 98-104.

39. Tinetti ME, Williams CS, Gill TM (2000) Dizziness among older adults: a 
possible geriatric syndrome. Ann Intern Med 132: 337-344.

40. Bienvenue GR, Michael PL, Chaffinch JC, Zeigler J (1985) The AudioScope: 
a clinical tool for otoscopic and audiometric examination. Ear Hear 6: 251-
254.

41. Burkey JM, Lippy WH, Schuring AG, Rizer FM (1998) Clinical utility of the 
512-Hz Rinne tuning fork test. Am J Otol 19: 59-62.

42. Oliva M, Martín García MA, Bartual J, Ariza A, García Teno M (1998) [The 
head-thrust test (HTT): physiopathological considerations and its clinical use 
in daily practice]. Acta Otorrinolaringol Esp 49: 275-279.

43. Weber PC, Cass SP (1993) Clinical assessment of postural stability. Am J 
Otol 14: 566-569.

44. Fukuda T (1959) The stepping test: two phases of the labyrinthine reflex. Acta 
Otolaryngol 50: 95-108.

45. Bohannon RW, Larkin PA, Cook AC, Gear J, Singer J (1984) Decrease in 
timed balance test scores with aging. Phys Ther 64: 1067-1070.

46. Drusini AG, Eleazer GP, Caiazzo M, Veronese E, Carrara N, et al. (2002) 
One-leg standing balance and functional status in an elderly community-
dwelling population in northeast Italy. Aging Clin Exp Res 14: 42-46.

47. Hurvitz EA, Richardson JK, Werner RA (2001) Unipedal stance testing in the 
assessment of peripheral neuropathy. Arch Phys Med Rehabil 82: 198-204.

48. Richardson JK, Tang C, Nwagwu C, Nnodim J (2010) The influence of initial 
bipedal stance width on the clinical measurement of unipedal balance time. 
PM R 2: 254-258.

49. Dite W, Temple VA (2002) A clinical test of stepping and change of direction 
to identify multiple falling older adults. Arch Phys Med Rehabil 83: 1566-1571.

50. Blennerhassett JM, Jayalath VM (2008) The Four Square Step Test is a 
feasible and valid clinical test of dynamic standing balance for use in ambulant 
people poststroke. Arch Phys Med Rehabil 89: 2156-2161.

51. Podsiadlo D, Richardson S (1991) The timed “Up & Go”: a test of basic 
functional mobility for frail elderly persons. J Am Geriatr Soc 39: 142-148.

52. Duncan PW, Weiner DK, Chandler J, Studenski S (1990) Functional reach: a 
new clinical measure of balance. J Gerontol 45: M192-197.

53. Tinetti ME (1986) Performance-oriented assessment of mobility problems in 
elderly patients. J Am Geriatr Soc 34: 119-126.

54. Berg K, Wood-Dauphinee S, Williams JI, Gayton D (1989) Measuring balance 
in the elderly: preliminary development of an instrument. Physiother Can 41: 
304-331.

55. Kornetti DL, Fritz SL, Chiu YP, Light KE, Velozo CA (2004) Rating scale 
analysis of the Berg Balance Scale. Arch Phys Med Rehabil 85: 1128-1135.

56. Tyson SF, DeSouza LH (2004) Development of the Brunel Balance 
Assessment: a new measure of balance disability post stroke. Clin Rehabil 
18: 801-810.

57. Franchignoni F, Horak F, Godi M, Nardone A, Giordano A (2010) Using 
psychometric techniques to improve the Balance Evaluation Systems Test: 
the mini-BESTest. J Rehabil Med 42: 323-331.

58. Godi M, Franchignoni F, Caligari M, Giordano A, Turcato AM, et al. (2013) 
Comparison of reliability, validity, and responsiveness of the mini-BESTest and 
Berg Balance Scale in patients with balance disorders. Phys Ther 93: 158-167.

59. Herman T, Giladi N, Hausdorff JM (2011) Properties of the ‘timed up and go’ 
test: more than meets the eye. Gerontology 57: 203-210.

60. Mancini M, Horak FB (2010) The relevance of clinical balance assessment 
tools to differentiate balance deficits. Eur J Phys Rehabil Med 46: 239-248.

61. Salarian A, Horak FB, Zampieri C, Carlson-Kuhta P, Nutt JG, et al. (2010) 
iTUG, a sensitive and reliable measure of mobility. IEEE Trans Neural Syst 
Rehabil Eng 18: 303-310.

62. Hubble RP, Naughton GA, Silburn PA, Cole MH (2015) Wearable sensor 
use for assessing standing balance and walking stability in people with 
Parkinson’s disease: a systematic review. PLoS One 10: e0123705.

http://www.ncbi.nlm.nih.gov/pubmed/14991293
http://www.ncbi.nlm.nih.gov/pubmed/14991293
http://www.ncbi.nlm.nih.gov/pubmed/14991293
http://www.ncbi.nlm.nih.gov/pubmed/19674471
http://www.ncbi.nlm.nih.gov/pubmed/19674471
http://www.ncbi.nlm.nih.gov/pubmed/19674471
http://www.ncbi.nlm.nih.gov/pubmed/19674471
http://www.ncbi.nlm.nih.gov/pubmed/18454755
http://www.ncbi.nlm.nih.gov/pubmed/18454755
http://www.ncbi.nlm.nih.gov/pubmed/18454755
http://www.ncbi.nlm.nih.gov/pubmed/16847610
http://www.ncbi.nlm.nih.gov/pubmed/16847610
http://www.ncbi.nlm.nih.gov/pubmed/16847610
http://www.ncbi.nlm.nih.gov/pubmed/9875880
http://www.ncbi.nlm.nih.gov/pubmed/9875880
http://www.ncbi.nlm.nih.gov/pubmed/11071500
http://www.ncbi.nlm.nih.gov/pubmed/11071500
http://www.ncbi.nlm.nih.gov/pubmed/11388360
http://www.ncbi.nlm.nih.gov/pubmed/11388360
http://www.ncbi.nlm.nih.gov/pubmed/7814786
http://www.ncbi.nlm.nih.gov/pubmed/7814786
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3415108/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3415108/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3415108/
http://www.ncbi.nlm.nih.gov/pubmed/2317323
http://www.ncbi.nlm.nih.gov/pubmed/2317323
http://www.ncbi.nlm.nih.gov/pubmed/20660923
http://www.ncbi.nlm.nih.gov/pubmed/20660923
http://www.ncbi.nlm.nih.gov/pubmed/20660923
http://www.ncbi.nlm.nih.gov/pubmed/10691583
http://www.ncbi.nlm.nih.gov/pubmed/10691583
http://www.ncbi.nlm.nih.gov/pubmed/4054439
http://www.ncbi.nlm.nih.gov/pubmed/4054439
http://www.ncbi.nlm.nih.gov/pubmed/4054439
http://www.ncbi.nlm.nih.gov/pubmed/9455950
http://www.ncbi.nlm.nih.gov/pubmed/9455950
http://www.ncbi.nlm.nih.gov/pubmed/9707735
http://www.ncbi.nlm.nih.gov/pubmed/9707735
http://www.ncbi.nlm.nih.gov/pubmed/9707735
http://www.ncbi.nlm.nih.gov/pubmed/8296860
http://www.ncbi.nlm.nih.gov/pubmed/8296860
http://www.ncbi.nlm.nih.gov/pubmed/13636842
http://www.ncbi.nlm.nih.gov/pubmed/13636842
http://www.ncbi.nlm.nih.gov/pubmed/6739548
http://www.ncbi.nlm.nih.gov/pubmed/6739548
http://www.ncbi.nlm.nih.gov/pubmed/12027151
http://www.ncbi.nlm.nih.gov/pubmed/12027151
http://www.ncbi.nlm.nih.gov/pubmed/12027151
http://www.ncbi.nlm.nih.gov/pubmed/11239310
http://www.ncbi.nlm.nih.gov/pubmed/11239310
http://www.ncbi.nlm.nih.gov/pubmed/20430326
http://www.ncbi.nlm.nih.gov/pubmed/20430326
http://www.ncbi.nlm.nih.gov/pubmed/20430326
http://www.ncbi.nlm.nih.gov/pubmed/12422327
http://www.ncbi.nlm.nih.gov/pubmed/12422327
http://www.ncbi.nlm.nih.gov/pubmed/18996245
http://www.ncbi.nlm.nih.gov/pubmed/18996245
http://www.ncbi.nlm.nih.gov/pubmed/18996245
http://www.ncbi.nlm.nih.gov/pubmed/1991946
http://www.ncbi.nlm.nih.gov/pubmed/1991946
http://www.ncbi.nlm.nih.gov/pubmed/2229941
http://www.ncbi.nlm.nih.gov/pubmed/2229941
http://www.ncbi.nlm.nih.gov/pubmed/3944402
http://www.ncbi.nlm.nih.gov/pubmed/3944402
http://www.ncbi.nlm.nih.gov/pubmed/1468055
http://www.ncbi.nlm.nih.gov/pubmed/1468055
http://www.ncbi.nlm.nih.gov/pubmed/1468055
http://www.ncbi.nlm.nih.gov/pubmed/15241763
http://www.ncbi.nlm.nih.gov/pubmed/15241763
http://www.ncbi.nlm.nih.gov/pubmed/15573837
http://www.ncbi.nlm.nih.gov/pubmed/15573837
http://www.ncbi.nlm.nih.gov/pubmed/15573837
http://www.ncbi.nlm.nih.gov/pubmed/20461334
http://www.ncbi.nlm.nih.gov/pubmed/20461334
http://www.ncbi.nlm.nih.gov/pubmed/20461334
http://www.ncbi.nlm.nih.gov/pubmed/23023812
http://www.ncbi.nlm.nih.gov/pubmed/23023812
http://www.ncbi.nlm.nih.gov/pubmed/23023812
http://www.ncbi.nlm.nih.gov/pubmed/20484884
http://www.ncbi.nlm.nih.gov/pubmed/20484884
http://www.ncbi.nlm.nih.gov/pubmed/20485226
http://www.ncbi.nlm.nih.gov/pubmed/20485226
http://www.ncbi.nlm.nih.gov/pubmed/20388604
http://www.ncbi.nlm.nih.gov/pubmed/20388604
http://www.ncbi.nlm.nih.gov/pubmed/20388604
http://www.ncbi.nlm.nih.gov/pubmed/25894561
http://www.ncbi.nlm.nih.gov/pubmed/25894561
http://www.ncbi.nlm.nih.gov/pubmed/25894561

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Literature Search 
	Physiology and Pathophysiology of Balance 
	Approach to the Patient with a Balance Problem 
	History
	Physical Examination 
	Symptom simulation 
	Audiologic tests 
	Visual test 
	Vestibular tests 
	Functional performance tests 
	Ordinal scales 

	Clinical Balance Assessment 
	Future Directions 
	Acknowledgment 
	Grant Funding 
	Figure 1
	Table 1
	Table 2
	Table 3
	References

