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Clinical and Laboratory Balance Testing in 
Vestibular Diagnosis

Subtitle: A Vestibular Monograph on Exam Techniques and 
Posturography

Purpose: To  comprehensively  review  the  neurophysiological  basis,  clinical  examination 
methods,  and specialized laboratory tests for  assessing balance in patients with vestibular 
disorders. Emphasis is placed on how bedside and laboratory balance testing can improve 
diagnostic localization in vestibular medicine, differentiating peripheral (labyrinthine) from central 
causes of imbalance and guiding effective management.
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Introduction

Balance  testing  is  a  cornerstone  of  vestibular  clinical  assessment,  as  vestibular  disorders 
commonly present with gait instability, postural sway, and falls. Impaired balance from vestibular 
dysfunction has a profound impact on patients’ quality of life, often leading to activity limitations, 
anxiety/depression, and socioeconomic consequences [1]. A careful evaluation of balance can 
localize the lesion site within the vestibular system and distinguish it from other neurological or 
sensory causes of disequilibrium. In practice, a targeted physical examination of stance and gait 
often helps differentiate peripheral vestibular disorders (inner ear or vestibular nerve lesions) 
from central causes (brainstem or cerebellar lesions). This review provides an in-depth overview 
of balance testing in vestibular medicine – from basic neurophysiology and reflex pathways to 
bedside examination techniques and advanced posturographic analysis – highlighting how each 
test contributes to diagnostic precision. Clinical relevance is emphasized throughout, illustrating 
how balance  examination  findings,  when  interpreted  in  context,  direct  the  clinician  toward 
labyrinthine vs.  central  pathology and even uncover multifactorial  balance deficits.  Table 1 
summarizes key definitions and classifications of balance impairments that will be used in this 
monograph [2].

Table 1: Definitions and Classification of Balance Impairments

Term / Concept Definition and Features Notes (Examples)
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Vertigo False sense of motion (spinning or 
tilting)  of  oneself  or  environment, 
indicating  asymmetry  in  vestibular 
inputs.

Symptom,  not  a  balance  test  finding;  often 
peripheral (e.g. labyrinth) if acute and severe.

Imbalance  / 
Disequilibrium

Subjective or objective unsteadiness 
without  vertigo,  especially  during 
standing or walking.

Common to vestibular,  cerebellar,  or sensory 
loss  causes;  manifests  as  instability  of 
gait/stance.

Ataxia Incoordination  of  movement  and 
posture.  In  balance  context, 
manifests  as  unsteady,  wide-based 
gait or poor coordination in standing.

Can be vestibular, sensory, or cerebellar (see 
below subtypes).

Vestibular 
Ataxia

Ataxia due to vestibular dysfunction. 
Characterized  by  gait  veering  or 
falling toward the side of a unilateral 
lesion,  or  general  instability  if 
bilateral  loss.  Aggravated  by  head 
movements and walking in the dark.

Often accompanied by vertigo and head-motion 
intolerance in acute unilateral vestibulopathy; 
with bilateral vestibulopathy, gait is cautiously 
broad-based, especially in low lighting.

Sensory Ataxia Ataxia  due  to  impaired 
proprioceptive input (e.g. peripheral 
neuropathy or dorsal column lesion). 
Patients  rely  on  vision  to 
compensate.

Positive  Romberg  sign:  balance  markedly 
worsens  with  eyes  closed  (vision  removed), 
leading  to  swaying  or  falls.  Gait  is  high-
stepping  or  “stomping,”  worse  on  uneven 
surfaces.

Cerebellar 
Ataxia

Ataxia  from  cerebellar  pathology. 
Presents with inability to coordinate 
balance even with eyes open. Stance 
is  wide-based  and unstable  due  to 
impaired motor coordination.

Negative  Romberg  (or  equally  unstable  with 
eyes  open):  patient  sways  or  falls  even with 
eyes  open.  Little  additional  worsening  when 
eyes are closed, distinguishing it from sensory 
ataxia.

Static Imbalance Postural  instability  presents  even 
when the patient is stationary (sitting 
or  standing  quietly).  Often  due  to 
acute  unilateral  vestibular  loss 
causing  tonic  asymmetry  in 
vestibular tone.

Acute  vestibular  syndrome:  spontaneous 
nystagmus, ocular tilt, and ipsilateral lean are 
static  signs.  These  static  deficits  tend  to 
compensate (improve) over days to weeks as 
vestibular nuclei activity rebalances.

Dynamic 
Imbalance

Instability that occurs or is markedly 
exacerbated  with  movement, 
especially during ambulation or head 
motions. Reflects loss of vestibular 
reflexes  or  integration  under 
dynamic conditions.

Seen in  chronic  or  bilateral  vestibulopathies: 
patients may balance OK when stationary but 
have difficulty during gait, quick head turns, or 
on compliant surfaces. Dynamic deficits (e.g. 
VOR impairment, poor balance on foam) often 
remain incompletely compensated.

Sensory 
Weighting  / 
Reweighting

The adaptive process by which the 
central  nervous  system adjusts  the 
relative  reliance  on  visual, 
vestibular,  and  somatosensory 
inputs to maintain balance.

Example:  After  vestibular  loss,  patients  up-
weight vision and proprioception to substitute 
for  missing  vestibular  input.  In  vestibular 
rehabilitation,  altering  surface  or  visual 
conditions trains sensory reweighting.
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Vestibular 
Compensation

The  central  nervous  system’s 
plasticity-driven  recovery  process 
after  vestibular  injury,  aiming  to 
restore  postural  and  gaze  stability 
through various mechanisms.

Involves restoration of function where possible, 
and  adaptation  via  sensory  substitution  and 
behavioural strategies. Static imbalance usually 
recovers  fully  as  vestibular  nuclei  re-
equilibrate,  whereas  dynamic  function  is 
improved  via  substitution  (e.g.  corrective 
saccades for a deficient VOR).

Neurophysiology and Anatomical Substrates

Phylogenetic origin of the vestibular system: The vestibular system is an evolutionarily 
ancient sensory system, providing organisms with essential information about head motion and 
orientation relative to gravity. Even primitive vertebrates rely on vestibular-related structures for 
equilibrium. In humans, the vestibular labyrinth (three semicircular canals plus the utricle and 
saccule in each inner ear) transduces angular and linear accelerations of the head into neural  
signals. These signals travel via the vestibular division of the VIIIth cranial nerve (Scarpa’s 
ganglion afferents) to central processor nuclei in the brainstem and cerebellum. The vestibular 
nuclei – superior, medial, lateral (Deiters’), and inferior – located in the dorsolateral pons and 
medulla, are the first central relay and are key integration hubs. Notably, vestibular afferents also 
project directly to the cerebellar vestibulocerebellum (flocculonodular lobe) for rapid modulatory 
feedback. This anatomic architecture reflects a “phylogenetic hierarchy”: the vestibular system 
integrates at a brainstem level for fast reflexes, with additional modulation by the cerebellum and 
cerebral cortex for refined balance control and perception.

Vestibulo-ocular and vestibulospinal reflex loops: A primary function of the vestibular system 
is  to  generate  reflexes  that  stabilize  gaze  and  posture.  The  vestibulo-ocular  reflex  (VOR) 
produces compensatory eye movements to counter head movements, maintaining stable vision. 
The VOR operates at the brainstem level and even in unconscious states, making it a useful  
indicator of brainstem integrity (e.g. in comatose patients).

Complementing the VOR is 
the vestibulo-collic reflex 

(VCR), which stabilizes the 
head via neck muscle 

activation. Activation of 
vestibular afferents (from 

canals or otoliths) triggers the 
VCR to reflexively adjust 
neck muscle tone and head 
position, helping keep the 

head level in space [3]. The 
VCR works in concert with 

the cervico-collic reflex 
(CCR, arising from neck 

proprioceptors) to maintain 
head stability; these reflexes are critical during locomotion or external perturbations.
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For posture and balance, vestibular signals drive vestibulospinal reflexes (VSR). The lateral 
vestibular nucleus gives rise to the lateral vestibulospinal tract, which descends ipsilaterally 
through the spinal cord and powerfully excites extensor (antigravity) motor neurons of trunk and 
limb muscles [4]. This pathway mediates automatic postural tone – for instance, when the otolith 
organs detect a head tilt or linear sway, the lateral vestibulospinal tract causes appropriate limb 
extension to oppose the tilt, helping maintain upright stance. (In experimental models, an upper 
brainstem transection causes decerebrate rigidity with hyperextension of limbs, illustrating the 
unchecked extensor drive from the vestibulospinal tract when higher centres are removed.) The 
medial vestibular nucleus contributes a medial vestibulospinal tract, descending bilaterally (via 
the medial  longitudinal fasciculus) primarily to cervical and upper thoracic levels.  This tract 
coordinates neck and upper trunk movements with head position – essentially a neural substrate 
of the VCR and head-righting reflexes. Together, the vestibulospinal tracts rapidly adjust body 
and head position in response to vestibular signals, forming the output arm of balance reflexes.

Importantly, these vestibular pathways do not act in isolation. The reticular formation of the 
brainstem, via reticulospinal tracts, integrates vestibular inputs with other sensory/motor signals 
and contributes to postural control and even cardiovascular adjustments (vestibulo-sympathetic 
reflexes) [4]. Both lateral vestibulospinal and reticulospinal pathways receive descending inputs 
from the  cerebellum and  cerebral  cortex,  which  modulate  reflex  gain  and  context-specific 
responses. For example, our balance reactions can be intentionally modified – an ice skater or 
gymnast, through cortical planning and cerebellar training, can suppress certain postural reflexes 
and execute unusual positions without falling. This top-down influence is evident in everyday 
behaviour:  anticipation or  changes in attentional  focus can alter automatic vestibular reflex 
responses.

Multisensory integration hubs: The vestibular nuclei themselves are true integrators – they 
receive not only vestibular afferents but  also visual  (e.g.  from the oculomotor system) and 
proprioceptive inputs, as well as bilateral vestibular inputs via commissural connections. The 
cerebellum (especially the vestibulocerebellum and vermis) is a major integration and adaptive 
learning centre for balance; it fine-tunes VOR gain, adjusts postural reflexes, and mediates long-
term compensation after vestibular injury. The cerebellar nodulus and uvula process otolith-
derived orientation information and help distinguish tilt from translation, while the cerebellar 
flocculus adjusts the dynamics of the VOR. Beyond the cerebellum, vestibular information 
ascends to the thalami (ventroposterior nuclei) and then to multimodal cortical areas – notably 
the  parieto-insular  vestibular  cortex,  superior  temporal  gyrus,  and  temporo-parietal 
junction – which contribute to spatial orientation, self-motion perception, and body schema. The 
hippocampus also receives vestibular input and is involved in spatial memory and navigation; 
loss  of  vestibular  input  in  animals  and  humans  can  impair  spatial  cognitive  tasks.  Thus, 
maintaining balance is a whole-brain endeavour: the brainstem and spinal reflexes provide rapid, 
stereotyped  responses,  while  the  cerebellum  and  cortex  adapt  and  contextualize  these 
responses.
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Finally, a variety of postural reflexes arise from the interaction of vestibular, visual, and somatosensory 
systems. Examples include the righting reflexes (e.g. labyrinthine righting reflex, which uses vestibular 

cues to right the head and body when tilted) and the optokinetic postural responses (using visual 
motion cues to stabilize stance). The vestibular contribution to these reflexes is essential when visual 

cues are absent (eyes closed) or unreliable. Integration of sensory input occurs in the brainstem: balance 
information from eyes, proprioceptors, and vestibular organs converges in the vestibular nuclei and is 

continuously cross-checked. The cerebellum adds learned motor patterns (e.g. one’s practiced ability to 
balance on a balance beam), and the cortex applies higher-order context (e.g. recognizing that an 

unstable boat requires a different stance than solid ground). This complex sensorimotor integration 
explains phenomena like sensory conflict – for instance, visual inputs suggesting movement while 

vestibular and proprioceptive inputs do not (as when sitting in a stationary train next to a moving train) 
can produce 

disorientation. The 
brain normally 
resolves such 
conflicts by 

weighting the 
most reliable sense 

and using 
cognitive context 

(knowledge that “I 
am not actually 
moving”). In 
summary, the 

anatomical 
substrates of 

balance span from 
the inner ear to the 
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cerebral cortex, enabling reflexive stability and adaptive control. Damage along these pathways produces 
characteristic patterns of imbalance, which bedside tests aim to tease apart (as explored in subsequent 

sections).

Mechanisms and Classification of Balance Dysfunction

Vestibular  lesions  lead  to  two  broad  categories  of  balance  impairment:  static  imbalance 
(present even at rest) and dynamic imbalance (emerging during motion or complex conditions). 
After an acute unilateral vestibular loss (e.g. vestibular neuritis), the static vestibular syndrome 
consists of spontaneous nystagmus, an ocular tilt reaction (skew deviation and head tilt toward 
the lesion), and postural deviation (the patient tends to fall toward the side of the lesion when 
standing). These static symptoms reflect the sudden asymmetry of vestibular tone between the 
two sides. The central vestibular nuclei initially output unbalanced signals, causing the eyes to 
drift  (nystagmus)  and  the  body  to  lean.  Over  time,  through  vestibular  compensation,  the 
brainstem  rebalances  the  resting  activity  of  the  vestibular  nuclei,  largely  resolving  static 
imbalance. Indeed, in unilateral vestibulopathy patients, vertigo and spontaneous nystagmus 
typically subside within days, and the ability to maintain upright posture with head still (eyes 
open) normalizes over a few weeks to months. This recovery of static equilibrium is attributed to 
neural  plasticity:  tonic  neuronal  firing on the lesioned side is  gradually  restored (partly  via 
reduced inhibition from the intact side and intrinsic changes in neuron excitability) and central 
sensory bias adjusts to null out the erroneous offset [5].

In contrast, dynamic balance functions – those requiring normal vestibular responses during 
head movement or in challenging environments – recover more slowly and often incompletely.  
A unilateral vestibular loss leaves a permanent deficit in the vestibulo-ocular reflex for rapid head 
turns toward the affected side, and an impaired vestibulo-spinal response during locomotion. 
Patients, however, learn to adapt. For high-frequency head movements, they may generate 
compensatory catch-up saccades (covert saccades during head impulse tests) to substitute for 
the deficient VOR, thus preserving gaze stability. For balance, they rely more on vision and 
proprioception (sensory substitution). This process is described as sensory reweighting – the 
brain increases weighting of intact sensory inputs and down-weights the unreliable vestibular 
input.  For example, an individual  with bilateral  vestibular loss may become heavily visually 
dependent: able to walk on firm ground in daylight by using visual cues and somatosensory 
feedback, but extremely unstable in darkness or on compliant surfaces where those cues are 
limited. Table 1 outlined sensory reweighting; importantly, this adaptive strategy can itself lead 
to maladaptation (e.g. visually dependent patients get very dizzy in visually busy environments).

Another way to classify balance dysfunction is by sensory vs. motor contributions. Vestibular 
ataxia (from labyrinth or nerve) tends to produce imbalance that is directional (falling consistently 
to one side in unilateral cases) and exacerbated by eye closure (since vision can compensate). 
In contrast, purely cerebellar ataxia produces non-directional sway and persists even with eyes 
open (since the integration/motor coordination is faulty). Sensory ataxia from proprioceptive loss 
shows dramatic worsening with eyes closed (Romberg sign), reflecting loss of spatial feedback. 
Clinically,  it’s  crucial  to  distinguish  these,  as  an  incorrect  localization  can  lead  to  missed 
diagnoses (e.g. mislabelling a dorsal column lesion as a cerebellar disorder). The mechanisms 
differ:  vestibular  ataxia  originates  from  a  mismatch  of  vestibular  inputs  (which  can  be 
compensated by central  recalibration over  time),  whereas cerebellar  ataxia  arises from an 
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inability to execute coordinated movements (compensation is limited if neuronal degeneration is 
ongoing).

Static vs. dynamic imbalance also correlates with “acute vs. chronic” vestibular deficits. In an 
acute  unilateral  lesion,  both  static  and  dynamic  deficits  are  present,  but  the  static  ones 
(spontaneous vertigo, nystagmus, retropulsion) abate with central compensation in a matter of 
weeks. The dynamic deficits (e.g. impaired head-motion VOR, poor balance on uneven surfaces) 
may show partial improvement over months through therapy and substitution, but often some 
deficit remains (e.g. head impulse test stays abnormal, patient feels unsteady in dark even years 
later). Bilateral vestibular loss, being symmetric, produces no static vertigo or nystagmus (no 
asymmetry to begin with), yet the dynamic imbalance is profound and permanent unless central 
sensory  substitution  can  largely  compensate.  These  patients  illustrate  the  concept  of 
multisensory  balance  control:  absent  vestibular  input  forces  reliance  on  vision  and 
proprioception, so their balance is disproportionately impaired when those inputs are removed 
(hence the dramatic positive Romberg sign and inability to walk in darkness).

The  process  of  vestibular  compensation  underlies  the  recovery  (or  lack  thereof)  in  these 
scenarios. It comprises several mechanisms: restoration (true recovery of vestibular function, 
which in humans is limited – occasional regeneration of vestibular nerve/hair cells may occur, 
but rarely complete), habituation (the reduction of pathologic responses to repeated provocative 
stimuli – plays a minor role in pure vestibular loss), and adaptation (the dominant mechanism – 
the CNS learning to use alternative strategies). 

Adaptation includes both sensory substitution (using other senses to replace lost vestibular cues) 
and behavioural substitution (developing new motor patterns). A classic example of behavioural 
substitution is the mentioned covert saccades during rapid head impulses: rather than restoring 
the normal slow-phase eye movement, the brain devises an alternate strategy (a quick refixation) 
to maintain function.  Balance therapy leverages these principles by challenging patients in 
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controlled ways to promote adaptive plasticity – for instance, practicing stance on foam with eyes 
closed  forces  the  patient’s  brain  to  maximize  any  remaining  vestibular  function  and 
somatosensory  cues,  gradually  improving  stability.  Pharmacologic  aids  (e.g.  vestibular 
suppressants)  are  avoided  in  long-term  management  because  they  impede  this  adaptive 
compensation. In summary, understanding whether a patient’s imbalance is static or dynamic, 
and sensory or motor in nature, helps predict their course and guides rehabilitation.

Mechanisms  of  specific  imbalance  types: Acute  vestibular  lesions  induce  a  “tone 
imbalance” in the vestibular nuclei output (the basis of static symptoms), whereas chronic 
balance  deficits  relate  more  to  “gain  deficits” in  reflexes  (e.g.  low VOR gain  leading  to 
oscillopsia, or inadequate vestibulo-spinal gain leading to falls on quick turns). Central lesions 
(e.g.  a small  cerebellar  infarct)  might not cause vertigo at  all  but can cause ataxia due to 
disrupted integration – an important reminder that not all balance issues in vestibular practice 
come  with  vertigo.  Table  2  (later)  will  contrast  signs  of  peripheral  vs.  central  vestibular 
involvement. Another mechanism worth noting is “visual dependence” – some patients (including 
those with vestibular migraine or anxiety-related dizziness) develop an over-reliance on vision 
for  balance,  such  that  busy  patterns  or  motion  in  the  visual  field  overwhelms  them  (a 
phenomenon related to PPPD – persistent postural-perceptual dizziness). This represents a 
maladaptive form of sensory weighting and highlights the interplay between physiological and 
psychological factors in balance control. Fear of falling, for example, can stiffen posture and 
paradoxically worsen balance by reducing the normal sway and compensatory movements (an 
issue discussed under pitfalls). Thus, balance dysfunction in vestibular disorders is multifactorial, 
encompassing  immediate  neural  effects  of  the  lesion,  subsequent  plastic  changes 
(compensation or  maladaptation),  and contributions from vision,  proprioception,  and higher 
cortical processing of spatial orientation.

Clinical Examination Methodology

The bedside examination of balance in a vestibular patient consists of a battery of postural and 
gait tests designed to expose instability under various conditions. These tests are simple yet 
revealing  when  performed  correctly.  Key  components  include  the  Romberg  test  (and  its 
variants), observation of gait (regular and tandem walking), the Fukuda/Unterberger stepping 
test, and the retropulsion (pull) test [6]. Each evaluates different aspects of the balance system 
– from static stance with eyes closed to dynamic navigation and vestibulospinal reflexes during 
movement. Proper technique and patient safety are paramount, as these tests intentionally 
challenge the patient’s equilibrium. Below we describe the methodology for each, along with 
common errors to avoid and documentation tips.

4.1 Romberg Test (Standard and Foam-Romberg): The Romberg test evaluates the ability to 
maintain upright stance when depriving the patient of visual input. It primarily assesses the 
integrity  of  proprioceptive  pathways  (dorsal  columns)  and,  to  a  lesser  extent,  vestibular 
contributions to balance [7]. To perform the test, have the patient stand with their feet together, 
arms at the sides (or crossed on chest). First, the patient stands eyes open – the examiner notes 
baseline sway. Then the patient is asked to close the eyes and remain as still as possible for 
about 20–30 seconds. Stand close by to guard against falls. A negative Romberg is when the 
patient maintains balance with minimal sway. A positive Romberg sign is the loss of balance 
(patient sways markedly, requires a step, or falls) upon eye closure. This indicates that the 
patient has been relying on vision to compensate for an impaired somatosensory or vestibular 
system. Documentation should include how long the patient was able to stand, the direction of 
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sway or fall, and whether stepping or assistance was needed. For example: “Romberg: falls to 
left within 5 seconds, eyes closed.”

Variants: A sharpened Romberg (tandem Romberg) positions the feet in heel-to-toe alignment 
to increase the challenge; this is useful if the standard Romberg is negative, but you suspect 
mild deficits. A foam Romberg (standing on a compliant foam pad with eyes closed, also called 
“matted Romberg”) further reduces reliable somatosensory input from the feet. This is akin to 
the Clinical Test of Sensory Integration of Balance (CTSIB), where standing conditions are 
altered.  The  foam  surface  amplifies  sway  in  patients  with  vestibular  loss  or  peripheral 
neuropathy, who might pass a firm-surface Romberg but lose balance on foam. When using 
foam, ensure the patient can do so safely (stand very close or use a safety harness if available 
in a lab setting). The duration of stance can be timed and compared to age norms (many 
individuals can maintain ~30 seconds eyes closed on firm surface; on foam, normals may have 
brief sway but often maintain ~20 seconds). Any premature termination of the test for safety (e.g. 
patient opened eyes or stepped) should be noted.

Common mistakes in Romberg test include allowing the patient to start with a very wide 
stance (which can mask instability), insufficient observation time (declaring it “negative” after just 
a few seconds), or not removing visual cues (the patient may subtly peek, or ambient light may 
give some visual orientation – ideally perform in low distraction environment). One must also 
differentiate true Romberg sign from generalized instability: if the patient is wobbling even with 
eyes open, that suggests cerebellar or motor issues rather than a pure sensory dependency. As 
a rule, Romberg test is considered positive only if the patient’s balance worsens significantly 
upon eye closure. If sway is present equally eyes open and closed, it’s a negative Romberg 
(indicating perhaps a cerebellar  ataxia instead).  While the Romberg is classically a test  of  
proprioception (dorsal column function), it is not specific – vestibular lesions and even anxiety 
can produce a positive Romberg (because the patient becomes unstable without visual cues). 
Thus, interpret it in context of other findings.

4.2 Gait Assessment (Normal and Tandem gait): Observing the patient’s gait gives dynamic 
information on balance and coordination. The patient is asked to walk a straight line or across 
the exam room under standard conditions (eyes open, on level ground). Note the width of the 
base (normal feet separation vs. broad-based), stability (any staggering, veering to one side), 
and associated movements (arm swing, head movement). A patient with unilateral vestibular 
loss may walk with a slight lean or drift toward the affected side, especially with eyes closed or  
when asked to turn quickly. If gait is normal under standard conditions, increase difficulty: ask  
the patient to walk tandem (heel-to-toe, as if on a tightrope). Tandem gait amplifies balance 
deficits and is often impaired in both cerebellar and vestibular disorders. An inability to maintain 
tandem walking for more than a few steps (falling off to one side) is a sensitive sign of midline  
cerebellar dysfunction or bilateral vestibulopathy. Document how many steps the patient can do 
tandem without error.

Another gait variant is walking while head turning side to side or up and down (to engage 
vestibulo-spinal  reflexes  during  locomotion).  Patients  with  vestibular  dysfunction  may have 
obvious worsening of gait stability with head movement (they may slow down, lose rhythm, or  
stagger). Walking with eyes closed can also reveal dependence on vision. For example, a patient 
with peripheral neuropathy or bilateral vestibular loss might do reasonably well walking with eyes 
open using visual cues but will have a significantly unsteady gait with eyes closed (or in a dark 
hallway). The Fukuda stepping test (discussed next) is essentially an in-place analog of this idea.
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Documentation of gait should include descriptors like “antalgic” or “ataxic.” A vestibular ataxic 
gait is typically moderately broad-based, with shorter strides and caution on head turns. Often 
these patients veer to one side – if consistently to, say, the left, it suggests a left-sided vestibular 
lesion  (or  left  cerebellar  lesion).  A  cerebellar  gait  (especially  midline  degeneration)  is 
characteristically wide based, with irregular lurching steps (described as a “drunken” gait) and 
difficulty even initiating tandem steps. In multifactorial elderly gait disturbance, one might see a 
slow, wide-based gait with en bloc turns (taking several small steps to turn), reflecting general 
frailty of the balance system. Tandem is usually failed by many older adults after a few steps, so 
age must be considered (mild tandem impairment can be normal over age ~70).

4.3  Fukuda  Stepping  (Unterberger’s)  Test: The  Fukuda  stepping  test  evaluates 
vestibulospinal-mediated motor bias by observing rotation or deviation while the patient marches 
in place. The patient is asked to stand with arms extended in front (or hands on hips in some 
protocols) and, with eyes closed, march in place lifting the knees high (~30 march steps is 
standard). The examiner observes from above for any rotation of the patient’s body or linear drift 
from the starting point. A rotation of >30° is classically considered abnormal and thought to 
indicate a unilateral vestibular weakness on the side of rotation (e.g. turning to the left suggests 
left labyrinthine hypofunction, as the unopposed right side pushes the patient that way). Likewise, 
forward movement >0.5 m or lateral displacement may be noted. In practice, the Unterberger-
Fukuda test is somewhat variable; mild turning can occur in healthy individuals. Significant or 
consistent rotation, however, especially in context of acute vertigo, is supportive of a unilateral  
peripheral vestibular loss.

It’s important that the patient marches in place vigorously (knees up ~45°) and without any visual 
or external orientation cues. The arms extended can help the examiner gauge rotation (they act 
like  a  visual  pointer).  If  the  patient  is  anxious,  they  may  not  march  adequately  or  may 
unconsciously correct themselves; encouragement may be needed to keep stepping. Common 
errors: performing the test for too few steps (less than ~50 steps may miss subtle drift), or on a 
slippery floor (patient may pivot). Also, ensure the patient isn’t audibly orienting (some people 
will sense direction from subtle air currents or sounds – ideally do it in a quiet, climate-controlled 
space).

Interpretation: Historically, a positive Fukuda (rotation >45°) was linked to labyrinthine lesions. 
However, studies have shown mixed sensitivity. Two separate investigations found that the 
stepping test  could  not  reliably  distinguish patients  with  unilateral  vestibular  weakness (on 
calorics) from normal subjects. In other words, many vestibular-deficient patients do not show 
an abnormal Fukuda, and some normals do (false positives). Therefore, a negative Fukuda does 
not rule out a vestibular lesion, and an abnormal result should be interpreted alongside other 
signs. It seems more useful in uncompensated, acute lesions – those patients often have a 
marked rotation toward the lesion side, reflecting the persistent vestibular tone asymmetry. Once 
compensation occurs (vestibular nuclei adaptation), the bias lessens and the test may normalize. 
In clinical use, a Fukuda stepping rotation is a clue: e.g. a patient with chronic dizziness who 
consistently rotates left might have an incompletely compensated left vestibular hypofunction. 
But one must correlate with objective vestibular tests (like head impulse or calorics).

Unterberger’s test is essentially the same as Fukuda (the terms are used interchangeably in 
literature, sometimes “Unterberger stepping test”). Some clinicians also incorporate past-pointing 
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test (Barany’s test) where the patient, with eyes closed, repeatedly lifts arms and tries to bring 
index fingers to a target – deviation of the hand toward one side can similarly indicate vestibular 
bias. This is less commonly used now but follows the same principle of uncovering asymmetry.

4.4  Retropulsion  Test  (Pull  Test): Although  more  often  used  in  evaluating  Parkinsonian 
disorders, the retropulsion or pull test can reveal postural reflex integrity. The examiner stands 
behind the patient and gives a sudden, firm tug backwards on the patient’s shoulders (after  
warning the patient it will happen). A normal response is a quick step or two back to regain 
balance.  An abnormally  increased retropulsion (taking many steps back or  failing to  catch 
balance)  might  be  seen  in  central  balance  disorders,  diffuse  cerebellar  degeneration,  or 
vestibulospinal tract lesions. In vestibular patients, this is not a primary test, but can be notable: 
for instance, an acute bilateral vestibulopathy patient may have impaired postural reflexes and 
might fall back or require support with a pull (due to the loss of otolith-driven extensor responses). 

Meanwhile, a unilateral vestibular loss typically doesn’t cause symmetric retropulsion – their falls 
are more to one side. Marked retropulsion with a positive pull test is more characteristic of midline 
cerebellar ataxia (as in degenerative cerebellar diseases or PSP in Parkinson spectrum). Thus, 
in a dizzy patient, if you observe profound retropulsion disproportionate to lateral sway, consider 
a central cause.

Documentation tips: use diagrams if needed – e.g., draw an arrow showing direction of Fukuda 
rotation or mark which side patient falls toward in Romberg. Quantifying where possible is ideal: 
“tandem gait:  0  steps”  or  “unable  to  perform due  to  immediate  loss  of  balance”  is  more 
informative than “tandem gait unsteady.” Note any mitigating factors, like the patient was very 
anxious (which may have worsened performance). All these exam findings should be interpreted 
collectively rather than in isolation.

Interpretation Framework for Balance Tests

After performing the array of bedside balance tests, the clinician must synthesize the findings to 
determine what is “normal” versus pathological, and what the pattern suggests about localization. 
Normal performance on basic balance tests varies with age: a healthy young adult typically has 
minimal sway on Romberg (eyes closed ~30 seconds with only slight postural adjustments), can 
do tandem walking at least 8–10 steps, and shows no significant deviation on the Fukuda step 
test. With increasing age, mild increases in sway and minor tandem difficulty are common – e.g., 
an elderly person might sway a bit with eyes closed or need to open eyes after 15 seconds yet 
still be within normal given age-related sensory decline. Thus, age norms should be considered. 
Likewise, factors like fatigue (testing a patient at the end of a long day) or medications (sedatives, 
vestibular  suppressants)  can  transiently  impair  balance,  so  those  should  be  noted  when 
interpreting results.

Abnormal patterns on balance tests need to be judged by magnitude and consistency. A mild 
sway  during  Romberg  (no  stepping  or  falling)  is  generally  not  pathologic  –  many  healthy 
individuals sway a centimetre or two. What constitutes a positive Romberg is a matter of degree: 
typically, if the patient must move feet or grab support, it’s clearly abnormal. Similarly, on tandem 
gait, taking one or two missteps might be within normal limits, but inability to coordinate any 
tandem steps or a persistent lean is abnormal. Table 2 below outlines differences between 
normal, peripheral vestibular, and central patterns for key signs.
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Red flags in the balance exam include any “failure of compensation” signs: for example, if a 
patient cannot sit upright without support (profound truncal ataxia), or is unable to stand even 
with eyes open, these point to a central process (such as a cerebellar vermis lesion). In acute 
vestibular syndrome, one red flag suggesting stroke is disproportionate truncal instability – a 
patient with a peripheral vestibular neuritis, while very dizzy, can usually at least sit unassisted 
and stand with support; if a patient literally cannot sit on the exam table due to falling over, a 
central lesion is likely. Another red flag is directional variability: a patient who sometimes falls 
left, sometimes right, or has an unpredictable sway pattern. Peripheral vestibular loss typically 
causes a consistent direction of fall (toward the hypofunctional side). Inconsistent or bizarre 
balance performance (e.g., balance worse with eyes open or exaggerated swaying that doesn’t  
correlate with known physiology) might even suggest a functional (psychogenic) component or 
malingering. For instance, patients with psychogenic dizziness might sway dramatically but 
recover on the brink of falling (the classic “wobbling but not falling” presentation). While fear of 
falling is understandable in vestibular patients, one must gauge whether anxiety is amplifying the 
exam findings. Excessive postural stiffness or fear can itself cause a positive Romberg or inability 
to tandem (the patient  may overcorrect  and wobble).  As a clinician,  gently  reassuring and 
sometimes distracting  the  patient  (e.g.,  asking  them to  count  or  talk  while  balancing)  can 
differentiate  true  neurologic  imbalance  from  anxiety-provoked  imbalance;  a  patient  with 
functional overlay might paradoxically balance better when distracted. This overlaps with the 
concept of PPPD (Persistent Postural-Perceptual Dizziness), where chronic hypersensitivity to 
balance sensations and fear leads to an upright stance that is stiff and maladaptive.

Another consideration is variability with vision: Some patients might perform worse with eyes 
open in complex environments due to visual dependence or motion sensitivity. For example, a 
vestibular migraine patient may become very unsteady when the visual surround is moving (e.g., 
walking through a supermarket) – something not always captured in a standard exam room. If 
such history is present, special examination setups (like a busy moving visual field or virtual 
reality) can be used to elicit the imbalance. Conversely, patients with primarily proprioceptive 
issues do fine on surfaces where they can feel stable feedback but immediately sway on foam 
or when closing eyes.

Fatigue can also reveal subtle deficits: a patient with bilateral vestibulopathy might manage a 
short walk, but after walking for 5–10 minutes their gait deteriorates significantly as muscles tire 
and they cannot rely on vestibulospinal reflexes. In the clinic, we might not see this unless  
specifically testing endurance or asking about end-of-day fatigue (which is common in bilateral 
cases – they report “I’m fine in the morning, very unsteady by evening”).
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Normal variants and pitfalls: It’s worth noting that not all abnormal findings are due to vestibular 
or neurologic disease. Orthopaedic issues (arthritis, joint instability) can cause a wide-based gait 
or inability to tandem simply from pain or limited mobility.  A patient with severe peripheral 
neuropathy will have a positive Romberg, but the primary issue is not vestibular – one must catch 
the absent ankle reflexes and numb feet on exam to attribute the Romberg appropriately. Vision 
problems (like severe cataracts) might make even eyes-open balance challenging because the 
patient can’t see the environment – a factor to consider if an elderly patient performs poorly but 
has very impaired vision (their eyes-closed vs. open difference might be minimal because vision 
was never good input to start with). Cognitive impairment can affect balance exam participation 
too; patients with dementia might not follow instructions well, giving the impression of severe 
imbalance when in fact they are simply not understanding the test (or have apraxia).

Given these nuances, an interpretation framework often taught is to categorize the balance exam 
results along two axes: peripheral vs central, and static vs dynamic. For example, a patient with 
abnormal Romberg (falls with eyes closed) but relatively preserved tandem and no nystagmus 
might have a sensory peripheral issue (like neuropathic sensory ataxia). A patient with a mildly 
positive Romberg, impaired head impulse test, unidirectional nystagmus, and falling to one side 
likely has a peripheral vestibular lesion. A patient with severe tandem gait failure, inability to do 
Romberg even eyes open, but  a normal head impulse and perhaps other cerebellar  signs 
(dysmetria)  almost  surely  have  a  central  cerebellar  lesion.  Table  2  provides  a  structured 
comparison of central vs peripheral patterns for clarity.

Table 2: Characteristic Balance Signs in Peripheral vs. Central Vestibular Dysfunction

Finding 
(Stance/Gait)

Peripheral  Vestibular  Disorder 
(Labyrinth or Nerve)

Central  Vestibular  Disorder 
(Brainstem/Cerebellum)

Romberg  Test May be positive: increased sway or Often positive, but distinctive: Instability even 
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(feet together, eyes 
closed)

falling  typically  toward  the  lesion 
side  in  unilateral  vestibular  loss. 
Sway  improves  with  eyes  open 
(patient  can  stabilize  visually).  In 
bilateral  loss,  Romberg  is  often 
markedly  positive  (falls  with  eyes 
closed)  but  usually  no  specific 
direction, just instability.

with  eyes  open  if  midline  cerebellar  lesion 
(Romberg  “negative”  in  that  eyes  closure 
doesn’t  notably  worsen  because  patient  is 
already  unstable).  Sway  may  be 
anteroposterior (forward-back) or variable in 
cerebellar  ataxia.  If  due  to  proprioceptive 
spinal  lesion  (dorsal  columns),  Romberg 
positive  with  eyes  closed  but  improves 
significantly  eyes  open  (sensory  ataxia 
pattern).

Gait, ordinary Wide-based,  veering  gait  in  acute 
unilateral  vestibulopathy  (patient 
veers/drifts  toward  affected  side). 
May require  support  initially.  Gait 
stabilizes with fixation on target. In 
compensated unilateral cases, gait is 
near-normal  in  good  lighting.  In 
bilateral  vestibulopathy,  gait  is 
cautious,  broad-based,  with  short 
steps  and  possible  head  stiffening; 
difficulty walking in dark or uneven 
ground is obvious.

Ataxic gait: wide-based and unsteady. Unable 
to walk tandem in most  cases.  In cerebellar 
lesions, gait often “drunken” with lurching to 
either side,  not  consistently toward one side 
(unless  a  unilateral  cerebellar  hemisphere 
lesion, where patient falls toward lesion side 
somewhat).  Severe  midline  lesions  (e.g. 
vestibulocerebellar stroke) can cause inability 
to stand or walk at all (astasia-abasia). Patient 
may appear equally unsteady with eyes open or 
closed  (vision  doesn’t  fully  compensate 
because central integration is impaired).

Tandem  Gait 
(heel-to-toe)

Mildly  impaired  in  unilateral 
vestibular disorders, especially acute 
(may require a  few corrective side 
steps  but  might  accomplish  some 
steps).  Significantly  impaired  in 
bilateral vestibular loss and chronic 
vestibular  deficit  if  not  well 
compensated – patients often cannot 
maintain tandem beyond 1–2 steps 
due  to  loss  of  vestibulospinal 
stability.

Severely  impaired  in  most  central  causes. 
Cerebellar patients typically cannot do tandem 
at all or only 1–2 steps before stepping out. 
This  is  a  very  sensitive  indicator  of  central 
ataxia. (Sensory ataxia patients may do tandem 
poorly as well, especially if eyes closed, but 
with eyes open and visual guidance they might 
manage  slightly  better  than  cerebellar 
patients).

Postural 
Lateropulsion 
(pushing  or 
leaning to one side 
spontaneously)

Common  in  acute  unilateral 
vestibular  lesions:  patient  exhibits 
lateropulsion  toward  affected  side 
(both in sitting and standing). They 
may list to one side when seated, and 
when walking, consistently lean/fall 
ipsilesionally.  This  lateropulsion 
aligns  with  other  signs  (Fukuda 
rotation, past pointing) to that side.

Can occur in lateral medullary (Wallenberg) 
strokes or cerebellar peduncle lesions: patient 
might  have  pronounced  lateropulsion, 
sometimes contralateral to a brainstem lesion 
(e.g.  lateral  medullary  infarct  causes  fall 
toward lesion side as  well  due to  vestibular 
nucleus  involvement).  However,  central 
lateropulsion  is  often  accompanied  by other 
brainstem  signs  (ocular  tilt,  Horner’s 
syndrome,  sensory  deficits).  In  cerebellar 
midline lesions, lateropulsion may be absent; 
instability is more global.

Nystagmus 
(although  an 

Typically,  unidirectional  jerk 
nystagmus  (e.g.  beats  away  from 

Can be various forms: pure vertical (downbeat 
or  upbeat)  or  torsional  nystagmus  strongly 
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ocular  sign, 
important  for 
localization)

lesion in acute peripheral lesion) that 
obeys  Alexander’s  law  (intensifies 
on  gaze  toward  fast  phase). 
Suppresses  with  fixation  (visible 
mainly  with  Frenzel  goggles).  No 
vertical  or  purely  torsional 
nystagmus from a peripheral lesion 
(except  some  torsion  in  positional 
nystagmus of BPPV).

suggests  central  lesion  (e.g.  downbeat  in 
cerebellar  degeneration).  Direction-changing 
gaze-evoked nystagmus (i.e. nystagmus beats 
right on right gaze, left on left gaze) is a central 
sign.  Fixation  typically  does  not  suppress 
central  nystagmus;  it  may  even  increase. 
Nystagmus  often  accompanies  other  ocular 
abnormalities  (e.g.  skew  deviation  in 
brainstem stroke, saccadic smooth pursuit in 
vestibular migraine).

Head  Impulse 
Test (horizontal 
VOR)

Abnormal  (positive)  in  peripheral 
vestibular  loss  affecting  the 
horizontal canal: corrective saccade 
on  head  thrust  to  lesion  side  (in 
bilateral  loss,  bilaterally  positive 
head  impulse).  This  is  a  key 
peripheral  sign  –  a  normal  head 
impulse  in  an  acute  vestibular 
syndrome suggests  a  central  cause 
(HINTS exam).

Normal (usually) in pure central  lesions – a 
brainstem or cerebellar stroke generally leaves 
the VOR reflex arc intact, so head impulse is 
negative (no catch-up saccade), even though 
patient  is  vertiginous.  One  caveat:  central 
lesions that involve the vestibular nucleus or 
nerve  root  entry  zone  (e.g.  in  lateral 
pontomedullary  strokes  or  multiple  sclerosis 
plaques) can cause head impulse to be positive, 
but then often other central signs are present 
too.

Additional 
neurologic signs

Hearing  loss  or  tinnitus  may 
accompany  peripheral  labyrinthine 
lesions  (e.g.  labyrinthitis, 
Menière’s), but no other neurologic 
deficits.  Limb  coordination, 
strength,  sensation  are  normal 
(excluding unsteadiness).

Often  other  neurological  deficits  present: 
dysmetria  of  limbs,  dysarthria  (cerebellar), 
diplopia  or  skew  deviation,  weakness  or 
sensory  changes  (if  brainstem involvement). 
The presence of any cranial nerve or long tract 
signs  points  to  a  central  aetiology  of  the 
balance  problem,  not  a  pure  peripheral 
vestibular disorder.

In summary, peripheral vestibular dysfunction typically produces a limited set of abnormalities 
(primarily affecting balance in the planes related to the affected ear, with preservation of other 
neurologic functions), whereas central vestibular disorders often produce diffuse gait ataxia and 
additional signs beyond the vestibular system. Multifactorial balance problems (like in the elderly) 
may produce a mix of mild findings: a slightly positive Romberg (due to proprioceptive decline), 
slightly slowed gait (due to leg weakness), maybe a borderline head impulse (due to age-related 
vestibular hypofunction), none of which individually are dramatic, but together cause significant 
instability. Distinguishing such cases relies on recognizing the contributions of each system and 
sometimes performing laboratory tests to quantify each deficit.

Clinical Application Scenarios

To illustrate the above principles, this section discusses at least five common clinical scenarios 
in vestibular medicine and how balance testing aids in diagnosis and localization. Each scenario 
highlights key exam findings and their interpretation in context.

7.1 Acute Vestibular Syndrome (AVS): Vestibular Neuritis vs. Stroke
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Case: A 45-year-old wakes with severe rotational vertigo, vomiting, and inability to walk. On 
exam, there is spontaneous horizontal-torsional nystagmus, and the patient falls to the left when 
attempting to stand. This classic acute vestibular syndrome could be peripheral  (vestibular 
neuritis affecting the left vestibular nerve) or central (e.g. a stroke in the cerebellum or lateral 
medulla). Balance testing is a crucial complement to ocular motor tests in distinguishing these.

Peripheral (Vestibular Neuritis) expected findings: The patient is extremely unsteady but can 
usually sit unsupported. On standing (with help), there is a Romberg positive to the left – they  
consistently fall or step toward the left (lesion side) when eyes closed. With eyes open, they 
might sway but can tell orientation enough to reduce falling. On attempting gait, they require 
assistance; if able to take steps, they veer left. Fukuda stepping would likely show a significant 
rotation (e.g. >45°) toward the left. Crucially, the head impulse test would be positive to the left  
(catch-up saccades on head thrusts to the left), indicating a deficient VOR on that side – a 
hallmark of peripheral vestibulopathy. There should be no other neurologic deficits (no limb 
weakness, normal sensation, no vertical skew deviation on alternate cover test). In this scenario, 
the intense vertigo and imbalance are explained by a left vestibular nerve inflammation. Over 
days,  as  static  compensation  kicks  in,  the  patient  will  be  able  to  stand  unaided  and  the 
nystagmus will lessen; over weeks, gait will normalize except perhaps slight imbalance with quick 
head turns or in darkness.

Central (Brainstem/Cerebellar stroke) findings: If the same initial picture was due to, say, a 
left lateral medullary stroke (Wallenberg syndrome) or a cerebellar infarct, there are often telltale 
differences. The imbalance may be disproportionately severe – the patient might not even sit 
steadily. They could fall to either side or backward (not strictly to one side as in peripheral),  
especially in cerebellar vermis stroke which causes profound truncal ataxia. There might be a 
direction-changing nystagmus or purely vertical nystagmus (central signs) on eye exam. The 
head impulse test would be normal (a stroke does not typically abolish the VOR response, unless 
it’s a specific small brainstem stroke exactly at the vestibular nucleus, which is rarer). Other 
neurologic signs might be present: in Wallenberg, loss of pain-temperature on one side of face 
and opposite side of body, palate weakness or Horner’s syndrome, etc., and in cerebellar infarct, 
limb ataxia or dysarthria. On balance tests, tandem gait is impossible (even once vertigo settles, 
the patient will have enduring difficulty due to the central lesion). They may exhibit lateropulsion 
as  well  (Wallenberg  classically  causes a  fall  to  the ipsilateral  side,  due to  involvement  of  
vestibular  nuclei  and inferior  cerebellar  peduncle).  Importantly,  these patients  often do not 
improve in a few days like neuritis would; their imbalance persists and may even worsen if the 
stroke evolves. In the emergency setting, an integrated exam (HINTS plus) looks at Head-
Impulse, Nystagmus, Test-of-skew, and hearing [8]. If HINTS suggests central (normal head 
impulse, etc.) or there is a severe inability to stand (sometimes called a positive “Standing” test 
indicating central cause), urgent MRI is warranted.

Why balance tests matter here: In AVS, a simple observation – can the patient sit or stand? – 
has high diagnostic value. One study noted that the inability to walk unaided was much more 
common in stroke than neuritis (though not absolute) [9]. The combination of a normal head 
impulse and an inability to ambulate points strongly to stroke. On the other hand, a patient who, 
after acute treatment (e.g. rehydration, antiemetics), is able to carefully walk with one person’s 
help, and has a positive head impulse to one side, is very likely peripheral (neuritis). Balance 
exam  thus  helps  stratify  risk  and  need  for  urgent  neuroimaging.  It  also  guides  acute 
management: a neuritis patient benefits from early mobilization and vestibular rehab exercises 
once tolerated, whereas a stroke patient requires a different approach (and often a delay in  
aggressive vestibular exercises until medically stable).
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7.2 Bilateral Vestibulopathy (Bilateral Vestibular Loss)

Case: A  70-year-old  reports  difficulty  walking  in  the  dark  and  on  uneven  ground,  with 
unsteadiness and oscillopsia (bouncy vision) when driving on bumpy roads. Exam reveals a 
broad-based  gait  and  positive  Romberg  sign.  These  features  are  classic  for  bilateral  
vestibulopathy (BVP), which can result from ototoxic drug damage (e.g. gentamicin), bilateral  
Meniere’s,  or  age-related  degeneration  (presbyvestibulopathy).  Balance  testing  is  key  to 
diagnosing BVP, as these patients may not complain of vertigo (there’s no asymmetry to cause 
spinning sensation) – instead, they have chronic disequilibrium.

Expected exam: On Romberg, they likely sway and start to fall when eyes are closed, even on 
firm ground. With eyes open, they might appear reasonably stable because they use vision to  
compensate.  Adding foam under  their  feet  will  dramatically  worsen their  stability  –  a  very 
sensitive indicator of vestibular loss since now only vestibular cues (which are impaired) remain 
to maintain balance. Gait: in good light on a flat floor, they walk slowly, with slightly widened 
base,  and  perhaps  a  bit  of  head stiffness  (to  minimize  head movement  that  could  cause 
oscillopsia). In darkness or with eyes closed, their gait deteriorates – often they cannot proceed 
or will fall without support. They might perform okay on tandem for a few steps with eyes open 
by using visual cues, but not at all with eyes closed. There is usually no particular directional 
bias (unlike unilateral lesions); if  anything, they might stagger mildly to either side. Fukuda 
stepping could be near normal (since both vestibular inputs are equally reduced, there’s no 
asymmetry to make them rotate significantly). Head impulse test will be bilaterally positive (catch-
up saccades on head thrusts to both sides), confirming bilateral VOR loss. Often, dynamic visual 
acuity  testing (not  a  bedside test  per  se,  but  easily  done with  eye charts)  shows >2 line 
degradation of acuity with head oscillation – a hallmark of bilateral vestibular hypofunction due 
to loss of VOR stabilization.

According to Bárány Society criteria, bilateral vestibulopathy is defined by this constellation of 
chronic imbalance (worse in dark/uneven ground) and bilaterally reduced VOR on exam or lab 
tests [10]. The patient in this scenario fits that: they particularly struggle on compliant surfaces 
and in low visibility. The posture tests (Romberg variants) are thus especially informative: a 
Romberg positive on foam with eyes closed strongly suggests either bilateral vestibular loss or 
a severe proprioceptive loss. If  proprioception in legs is intact (check vibration sense, joint  
position sense), then vestibular loss is implicated. Additionally, these patients often have no 
nystagmus (since no asymmetry) and no vertigo, which can be confusing – only through balance 
testing and head impulse do we uncover the deficit.

Clinical utility: Recognizing BVP is critical as it often goes misdiagnosed as “normal aging” or 
peripheral neuropathy. The bedside exam directs the clinician to order confirmatory tests (like 
rotational  chair  or  head  impulse  video,  which  will  show  bilaterally  reduced  responses). 
Rehabilitation can then focus on safety and substitution (e.g. night lights at home, use of a cane 
in dark environments, vestibular rehab to improve balance strategies). Without balance testing, 
the patient might just be labelled a fall-risk without knowing why. Notably, there is a specific ICD 
diagnosis now for presbyvestibulopathy (age-related bilateral decline) which relies on these 
subtle exam findings in older adults to separate from other causes.

7.3 Cerebellar Ataxia (Midline Cerebellar Dysfunction)

Case: A 60-year-old with chronic alcoholism presents with unsteady gait that has worsened over 
years. There’s no vertigo, but he cannot walk without a wide stance and even sways while sitting. 
This suggests a midline cerebellar ataxia (such as alcoholic cerebellar degeneration affecting 
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the  vermis).  Balance  examination  findings  here  contrast  sharply  with  peripheral  vestibular 
patterns.

Expected exam: The Romberg test is abnormal even with eyes open – he cannot stand with 
feet together without swaying or toppling. When asked to close eyes, there may be no dramatic 
change (since vision wasn’t preventing sway to begin with) – thus Romberg sign is technically 
“negative” (no worsening on eye closure) but the overall inability to balance is evident. The key 
is that eyes-open instability is present, which is not typical of pure vestibular or proprioceptive 
loss. Gait: He has a classic wide-based gait, needing a broad stance to avoid falling. Tandem 
gait is impossible. He may exhibit truncal titubation (a nodding tremor of the trunk) when sitting 
– a sign of cerebellar midline damage. There is no consistent directional fall; he might fall to  
either side or backwards if not supported, indicating global truncal incoordination rather than a 
directional bias. Limb coordination tests (finger-nose, heel-shin) might be relatively fine if only 
the vermis is affected, but if lateral cerebellum is also involved, dysmetria will be present. No 
nystagmus or only mild gaze-evoked nystagmus might be seen (some vermian lesions cause a 
subtle downbeat nystagmus). Head impulse test is normal. No improvement in balance with 
fixation or environment changes – he is as unstable in daylight on firm surface as in dim light,  
pointing away from vestibular or sensory aetiology.

If the cerebellar lesion were more lateral (hemisphere), the ataxia would involve the ipsilateral 
limbs more, and there might be a slight lean toward the lesion side, but still eyes-open instability 
and inability to tandem would dominate. Another example is a cerebellar stroke (like PICA 
infarct):  acute presentation with inability to walk,  perhaps some vertigo and nystagmus too 
(because those strokes often hit vestibular connections). 

But as time goes, the remaining imbalance is cerebellar ataxia. In all these, the balance exam 
screams “central”: severe ataxia out of proportion to any vertigo, presence of other neuro signs 
(e.g.  in  alcoholic  cerebellar  degeneration,  one  might  also  find  peripheral  neuropathy 
compounding things). It is not uncommon that a patient with undiagnosed cerebellar disease is 
first  misinterpreted as  vestibular  –  but  the lack  of  improvement,  and the non-suppressible 
nystagmus or presence of other signs, eventually clarify the picture.

Role of balance testing: It helps monitor progression – for instance, a degenerative cerebellar 
ataxia (like spinocerebellar ataxia) can be tracked with semi-quantitative tests: how long can the 
patient hold Romberg? How many steps on tandem? These serve as crude outcome measures. 
In differentiating from vestibular causes: if a patient suspected of vestibular dysfunction actually 
has a negative head impulse, falls with eyes open, and can’t tandem even briefly, one should 
pivot to evaluating cerebellar function (get neuroimaging, etc.). A real patient example: a person 
with bilateral vestibular loss might resemble cerebellar ataxia in their broad gait, but they won’t 
sway much if eyes are open and stationary (they rely on vision and proprioception to stand fairly 
still). The cerebellar patient will sway regardless.

7.4 Vestibular Migraine

Case: A  35-year-old  woman  with  history  of  migraines  reports  episodes  of  dizziness  and 
unsteadiness lasting hours, often without a headache. Between episodes she feels generally off-
balance, especially in visually stimulating environments (like busy stores). Vestibular migraine 
(VM) is the likely diagnosis. During an acute episode, findings can mimic either peripheral or 
central vestibular dysfunction, and interictally, exam may be normal or subtly abnormal. Balance 
testing is still useful to identify any residual deficits or provocative factors [11].
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Interictal  exam (between attacks): Often normal  Romberg  (or  only  very  mild  sway eyes 
closed). Tandem gait might be mildly impaired – some studies show migraineurs, even between 
attacks,  have  increased  postural  sway  or  difficulty  on  tandem compared  to  controls.  One 
distinctive aspect can be high visual dependence: if you ask her to perform balance tasks in a 
visually challenging setting (for example, stand on foam while looking at a moving striped pattern 
or simply do Romberg in a room with busy wallpaper), she may become more unsteady than 
expected. This is because migrainous vestibulopathy often entails a sensory integration issue 
where visual motion provokes imbalance (sometimes called visual vertigo phenomenon). She 
might also have subtle central ocular signs – for instance, saccadic pursuit (jerky eye tracking) 
or a mild positional nystagmus on Hallpike test even though she doesn’t have BPPV. These are 
nonspecific but tip off that the central processing of vestibular info is “irritable.”

During a vestibular migraine attack: if you catch her during one, you might find a direction-
changing  nystagmus  or  purely  vertical  nystagmus  (since  VM  can  produce  central-type 
nystagmus), or sometimes a picture that looks peripheral (unidirectional nystagmus to one side). 
Balance will be impaired similar to an acute vestibular syndrome – she could have a positive 
Romberg, need support to walk – but crucially it fully reverses after the episode. Head impulse 
test is typically normal (distinguishing from vestibular neuritis), though in the middle of a severe 
VM attack, some have reported transient head impulse abnormalities (likely due to temporary 
neural dysfunction, but not true permanent hypofunction).

Diagnosis  confirmation: vestibular  migraine  is  diagnosed  by  history  (episodic  vestibular 
symptoms with migrainous features), not exam. The role of exam is mainly to exclude other 
causes (e.g. a normal exam between episodes and unremarkable MRI will support VM over 
something like MS or small strokes). That said, certain balance test results often seen in VM 
include  hypersensitivity  on  posturography  (excess  sway  when visual  surround is  dynamic, 
indicating reliance on visual cues), and sometimes persistent mild imbalance that outlasts the 
vertigo (due to central compensation issues). Another nuance: many patients with VM also have 
a history of motion sickness and might perform poorly on balance tasks that involve motion (like 
a dynamic gait task).

Clinical application: Balance testing in VM is mostly about ensuring there’s no progressive 
vestibular loss (e.g. Meniere’s) or central degenerative cause. If between migraines the balance 
exam is entirely normal, it’s reassuring and steers one to treat migraine as the cause. If between 
episodes there are deficits (like unilateral hypofunction on head impulse or asymmetric Fukuda), 
perhaps the patient has a co-existing peripheral disorder (e.g. combined migraine and vestibular 
neuritis history). Indeed, migraine can predispose to BPPV and other vestibular issues, so the 
exam might reveal those (like a positive Dix-Hallpike indicating BPPV as a trigger for some 
attacks). Recognizing a vestibular migraine is critical for directing appropriate therapy (diet, 
trigger avoidance, migraine prophylaxis) rather than doing unnecessary vestibular surgeries or 
labelling the patient psychogenic.

In summary, in vestibular migraine balance tests are often normal or mildly abnormal. The key 
is the episodic nature and normality between episodes, which is unlike, say, a progressive 
cerebellar ataxia. It emphasizes that not all disabling dizziness comes with big exam findings; 
sometimes the exam’s main role is exclusion.

7.5 Elderly Multifactorial Imbalance

Case: An  80-year-old  with  diabetes,  bilateral  hearing  loss,  and  poor  vision  complains  of 
unsteadiness on her feet for years, worse in dim light. No vertigo, but she has fallen twice at  
home. This is a common scenario of multifactorial gait disorder in the elderly, often dubbed “age-
related imbalance” or when meeting certain criteria, “presbyvestibulopathy” for the vestibular 
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component. The patient likely has mild bilateral vestibular hypofunction (simply from age-related 
hair cell loss), some peripheral neuropathy in her feet, and reduced vision – the combination 
severely compromises balance.

Exam findings: There may not be one dramatic finding, but rather several mild ones. Romberg 
test: might be mildly positive – she sways more than a younger person and perhaps needs to 
open eyes after a while to avoid falling. On foam, definitely unstable. Tandem gait: probably 
cannot do more than a couple steps, but at age 80 that can be partly “normal” aging. Head 
impulse test: could show slightly decreased VOR gain bilaterally (not crisp but perhaps not 
grossly  positive).  Vibration  sense:  reduced in  toes.  This  patient’s  balance is  compromised 
because each system is a little impaired; individually, each test is only moderately abnormal. But 
the aggregate effect is significant risk of falls.

It’s useful to identify each component: e.g., positive Romberg suggests the proprioceptive or 
vestibular deficits (or both), so one checks peripheral neuropathy – yes, present. Head impulse 
borderline – suggests some vestibular loss. Vision 20/100 – also a factor. Thus, the interpretation 
is  that  she  has  multisensory  impairment.  The  Bárány  Society  proposed  criteria  for 
presbyvestibulopathy (PVP):  age >60,  chronic  balance problems,  and evidence of  bilateral 
vestibular reduction not severe enough to meet full bilateral vestibulopathy criteria. On exam, 
this might be a slightly shortened VOR on impulse or needing 3-4 small corrective saccades 
instead of one large – subtle, but not as robust as a young person. Posturography (if done) often 
shows increased sway under vestibular-challenging conditions in older adults, reflecting this 
decline.

Management relevance: The exam in such cases directs a broad intervention – treat what can 
be treated (improve lighting at home, physical therapy for strength and balance, maybe vestibular 
rehabilitation  exercises  to  maximize  remaining  vestibular  function,  proper  footwear  for 
neuropathic feet, etc.). It’s also important diagnostically to not pin the imbalance on one singular 
cause like “vestibular neuritis” if the pattern doesn’t fit. For example, an MRI might be ordered to 
exclude normal pressure hydrocephalus or other central cause if gait is very impaired, but often 
the exam clearly suggests peripheral sensory deficits rather than central signs (no Babinski, no 
cogwheel rigidity, etc., just diffuse mild deficits).

In multifactorial imbalance, the absence of clear unilateral vestibular signs (no spontaneous 
nystagmus, no one-sided fall)  and absence of pronounced cerebellar signs are themselves 
findings that indicate a diffuse problem. So, the balance exam, even when showing only mild 
abnormalities, helps confirm that this is likely an aging/diffuse issue versus a focal lesion. And of 
course, it’s possible to have an elderly patient with both diffuse and a new focal issue – say she 
also had a small stroke – so one remains vigilant for any focal sign on exam.

This scenario underscores that balance testing is not just for diagnosis, but also for gauging fall  
risk. Simple tests like Timed Up and Go (TUG) or observing if the patient needs to use hands to 
get up from a chair, etc., are clinically very meaningful. If an elder cannot stand on one foot for 
even a second (single-leg stance test), that’s high risk for falls. These functional balance tests 
complement Romberg/tandem by adding a strength and agility component. The comprehensive 
vestibular balance exam thus often overlaps with geriatric assessment tools.

Each of the above scenarios demonstrates how a pattern of balance findings – whether static vs 
dynamic,  directional  vs  diffuses,  accompanied  by  other  neuro  signs  or  not  –  narrows  the 
differential diagnosis. 
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Vestibular clinicians rely on these bedside tests to decide on further investigations: for instance, 
Scenario 7.1 might prompt MRI, Scenario 7.2 caloric or rotary chair testing, 7.3 a cerebellar MRI 
or genetic testing for ataxia, 7.4 migraine workup and trial  of prophylaxis, 7.5 multifactorial  
intervention. The balance exam findings thereby guide efficient, targeted care.

Laboratory Assessment of Balance

In specialized vestibular laboratories, instrumented balance tests provide objective, quantitative 
measurements that supplement the qualitative bedside exam. These laboratory assessments 
can  detect  subtler  deficits,  characterize  the  sensory  contributions  to  balance,  and  track 
improvements  over  time.  Key  modalities  include  Computerized  Dynamic  Posturography 
(CDP) – often employing the  Sensory Organization Test (SOT) protocol – as well as gait 
analysis  systems  with  motion  capture  or  pressure  sensors,  and  instrumented  variants  of 
Romberg or  stepping tests.  While  not  every vestibular  patient  needs these tests,  they are 
particularly  useful  for  complex  or  chronic  cases,  clinical  research,  and  documentation  of 
impairment/disability. Below, we describe the main lab tests and their role.

8.1  Computerized  Dynamic  Posturography  (CDP)  –  Sensory  Organization  Test: CDP 
involves a force-sensing platform that measures the patient’s centre-of-pressure movements 
(sway) while different conditions are presented. The Sensory Organization Test (SOT) is a 
standardized CDP protocol that evaluates how well a person can use – or compensate for the 
loss of – visual, somatosensory, and vestibular cues to maintain balance [12]. In SOT, the patient 
stands on a dual-forceplate platform, and six conditions are tested, each for 20 seconds (usually 
three trials each): (1) firm surface, eyes open (all senses available); (2) firm surface, eyes closed 
(no vision; tests vestibular+somatosensory); (3) firm surface, sway-referenced visual surround 
(the surrounding walls move in response to patient’s sway, removing reliable visual orientation); 
(4) sway-referenced support surface, eyes open (platform tilts with sway, removing reliable 
somatosensory feedback, so patient must use vision+vestibular); (5) sway-referenced support, 
eyes  closed  (only  vestibular  available  effectively);  (6)  sway-referenced  support  and  visual 
surround (both vision and somatosensory altered, only vestibular reliable).

During each trial, the system quantifies the patient’s postural sway. The main outcome is an 
Equilibrium Score for each condition – essentially the percentage of maximal sway amplitude 
a  person  uses  (100  means  no  sway,  0  means  a  fall).  A  Composite  Equilibrium Score 
summarizes overall balance performance across all conditions. Additionally, the SOT provides 
Sensory Analysis Ratios: e.g., a somatosensory ratio (eyes closed firm / eyes open firm) to 
see how well they do without vision; a visual ratio (sway-referenced vision / fixed support eyes 
open) to evaluate use of vision when somatosensory is intact; a vestibular ratio (eyes closed 
sway-referenced support  /  eyes open firm) which essentially  measures balance when only 
vestibular  cues  are  available.  It  also  can  compute  a  visual  preference  ratio (sway  with 
conflicting vision vs eyes closed, indicating if abnormal dependence on visual cues). Another 
output is a centre-of-gravity alignment measure (how centered the patient stands initially) and a 
strategy analysis (relative use of ankle vs hip movements to maintain balance).

Interpretation: CDP SOT results can pinpoint which sensory system is impaired. For example, 
a patient with vestibular loss will show relatively good scores in conditions 1–4, but low scores 
(high sway or falls) in conditions 5 and 6 (when vision is absent or unreliable and only vestibular 
input can keep them upright) – yielding a low “vestibular ratio”. A visually dependent patient (like 
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some vestibular migraine or elderly patients) might perform poorly when the visual surround is 
moving (condition 3 and 6), indicating they rely too much on vision and get destabilized if vision 
is conflict.  Someone with proprioceptive deficit  (peripheral  neuropathy) will  struggle on any 
condition  with  sway-referenced  support  (4,5,6)  but  do  fine  on  ones  with  firm  support.  A 
malingering or psychogenic sway can sometimes be identified by unusual patterns (e.g., wildly 
erratic sway on condition 1 which is easier than condition 2 – not physiologic – or an exaggerated 
hip strategy even when not needed). Overall, CDP provides an objective record of balance 
impairment  which  can  be  used  for  rehabilitation  planning  (targeting  specific  sensory 
substitutions) and outcome tracking. For instance, before and after vestibular rehabilitation, one 
might see an improved composite score or vestibular ratio if therapy was effective. It’s also useful 
for documenting disability for patients seeking accommodations, since it quantifies what bedside 
exams describe qualitatively.

Limits: CDP doesn’t tell why someone sways, just how much and under what conditions. It 
complements but doesn’t replace clinical exam and other vestibular tests. Also, in isolation, an 
abnormal CDP doesn’t give a specific diagnosis (many disorders overlap in patterns). But in 
context (e.g., calorics show bilateral loss and CDP shows low vestibular ratio), it reinforces the 
clinical picture.

8.2 Gait Analysis Systems: For a quantitative look at gait, gait labs employ tools like pressure-
sensitive walkways (e.g.,  GAITRite mat), wearable inertial sensors, or optical motion-capture 
systems. These measure spatiotemporal  gait  parameters:  walking speed, step length,  step 
width, variability of step timing, etc. Patients with vestibular disorders often have characteristic 
gait changes – e.g., reduced gait speed (cautious gait), increased double-support time (keeping 
both feet on ground longer to stabilize), and perhaps increased step width (broader base). They 
may also show more variability  in step length and timing,  reflecting reduced confidence in  
balance. These metrics can be compared to age-norms. For instance, a bilateral vestibulopathy 
patient  may walk 20% slower than age-matched controls and have a wider  stance.  If  you 
instrument them while turning the head or in low light, you can measure how much their gait  
deteriorates (e.g. stride becomes irregular or speed drops further). In one study, patients with 
acute unilateral vestibular neuritis had worse scores on Functional Gait Assessment (FGA) and 
Timed Up-and-Go than those with strokes, although overall such tests alone had only moderate 
diagnostic accuracy. Nonetheless, a timed measure like TUG (time to rise from chair, walk 3m, 
return and sit) is a good summary of functional balance; >13–15 seconds is generally abnormal 
in older adults and correlates with fall risk. Vestibular patients often improve their TUG time after 
rehab.

Advanced  gait  analysis  might  look  at  kinematics  –  e.g.,  trunk  sway  angle  while  walking. 
Vestibular loss patients might have increased trunk sway (especially without visual cues). Some 
labs even do gait analysis on a treadmill with perturbations: like sudden platform translations or 
tilts to see how quickly the person recovers (measure of vestibulospinal reflex efficacy). For 
example, an abrupt lateral push – a normal person counters within one step; a vestibulopathic 
might take multiple steps or fall. These tests are more research-oriented but illustrate differences 
in automatic postural responses.

Another  lab measure is  turning: Many vestibular  patients,  even if  they  manage straight 
walking, struggle when making quick turns (they might freeze or take many small steps to turn). 
Gait analysis can quantify turn duration and number of steps in turn. A prolonged, multi-step 
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turning could indicate either vestibular or central problems or fear of falling. If that improves with 
practice or cues, maybe it was more fear; if consistent, it’s physiological limitation.

Functional Mobility Tests: Although not “lab” in the sense of high-tech, standardized clinical 
tests like the  Dynamic Gait Index (DGI) or Functional Gait Assessment (FGA) are often 
considered part of advanced assessment. They involve tasks like walking while turning the head, 
stepping over obstacles, ascending stairs, etc., each scored on a scale. Vestibular patients 
commonly have deficits in DGI/FGA tasks requiring head motion or quick adjustments. An FGA 
score out of 30 < 22 is associated with fall risk. Using such scales, one can track improvement 
with therapy (e.g., an FGA may increase by several points after 8 weeks of vestibular rehab 
focusing on gait and balance).

8.3 Instrumented Romberg and Others: The Romberg test can be quantified with simple 
devices. Force plates or even Wii balance boards have been used to measure sway path length 
or sway velocity during Romberg stance. This provides a number (e.g., sway velocity in °/s) to 
compare  to  norms.  Instrumented  Romberg  (sometimes  called  static  posturography  if  only 
condition 1 and 2 of SOT are done) has shown that while a clinical Romberg is ~50% sensitive 
for vestibular or central deficits, measuring sway can improve detection of subtle instability. For 
example, a patient might not overtly fall (Romberg “clinical” negative) but have a sway area 
significantly above normal on eyes closed – indicating a mild deficit. Such subtle findings might 
confirm suspicions of early presbyvestibulopathy or mild sensory neuropathy. Many vestibular 
clinics use foam pads and a stopwatch to do a modified Clinical Test of Sensory Integration 
(mCTSIB): e.g., count how many seconds a patient lasts on foam eyes closed (up to 30). It’s a  
low-tech analog to CDP conditions 4 and 5. If someone can only do 5 seconds, that’s clearly 
abnormal;  30 seconds is normal.  As a lab test,  one can record this time across trials and 
conditions systematically.

Beyond static posture, instrumented stepping tests exist too. For instance, using motion capture 
to see how far a patient deviates on Fukuda or how consistent  their  stepping cadence is.  
Generally,  these haven’t  added much beyond the simple  observation (Fukuda’s  limitations 
remain).

Another  advanced  test  in  some  centres  is  Dynamic  Platform  Posturography  with 
perturbations (Motor  Control  Test,  Adaptation  Test  in  NeuroCom systems).  The  platform 
suddenly  moves  (translations  or  toes-up/toes-down  rotations),  and  the  patient’s  automatic 
postural responses are measured (force and latency). Vestibular loss can prolong the response 
latency to perturbations, as the vestibular contribution to detecting a fall is missing. Central 
cerebellar issues can cause hypermetric responses or oscillations. These tests can identify 
subtle central processing deficits that a steady-state test might not. However, they are mostly 
used in comprehensive balance labs and research.

Laboratory vs. Clinical correlation: It’s important to correlate lab findings with clinical exam. 
For instance, if CDP shows a low vestibular ratio but bedside head impulse is normal, one might 
question if the issue is truly vestibular or some other balance factor (maybe anxiety causing an 
inability to do condition 5). Or if gait analysis shows extreme slowness but exam didn’t seem that 
bad, maybe the patient was overly cautious in the lab – or conversely, exam missed something. 
Usually, they align: a patient who fell on Romberg likely has poor SOT scores in vestibular 
conditions; one with broad gait will show decreased gait velocity on instrumented analysis. The 
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lab just objectifies and sometimes catches things our eyes can’t (like increased body sway 
variability which we might not notice without measurement).

When are lab tests indicated? They are often used in: (a) unclear cases – e.g., to confirm 
bilateral vestibular loss extent, or to document a suspected “functional” issue (like PPPD) by 
showing normal objective results despite complaints; (b) rehabilitation planning – e.g., an SOT 
showing a very low somatosensory ratio  in  a diabetic  patient  might  lead us to emphasize 
proprioceptive  training;  (c)  medicolegal  documentation  –  e.g.,  for  disability  evaluation  in  a 
vestibular disorder, demonstrating quantifiable deficits; (d) research – new treatments or disease 
progression studies rely on these objective metrics. For routine unilateral vestibular neuritis, lab 
tests might not be needed if bedside exam and standard vestibular tests (VOG, caloric, etc.) 
suffice. But for chronic imbalance, they provide an added layer of insight.

Advanced Insights and Evolving Paradigms

The study of balance in vestibular medicine has evolved beyond viewing it as a set of brainstem 
reflexes. Contemporary research highlights the roles of higher centres, cognitive factors, and 
dynamic motor control in maintaining equilibrium. These insights are gradually translating into 
new approaches for assessment and rehabilitation. Here we discuss some advanced concepts: 
sensorimotor integration and cognitive influence on balance, cortical contributions to vestibular 
function, and functional mobility/dynamic testing that reflects real-world challenges.

Sensorimotor Integration and Context: Traditional vestibular testing isolates the vestibular 
system (e.g.,  head impulses,  calorics)  to  see deficits.  But  in  real  life,  the brain  integrates 
vestibular input with a wealth of other sensory information and context from cognition. The 
vestibular nuclei receive proprioceptive and even motor efference copy signals (e.g., the brain’s 
estimate of intended head movement) to distinguish self-generated movements from external 
perturbations. Experiments by Cullen and colleagues showed some vestibular neurons fire not 
just on head movement, but on unexpected head movement – meaning the system predicts and 
cancels out expected self-motion, highlighting integration with premotor planning. This neural 
integration explains why, for instance, if you actively shake your head, it feels different than if 
someone else moves your head – the brain subtracts the expected sensation when you are the 
one initiating it. With vestibular dysfunction, some of these predictive mechanisms may break 
down, leading to a feeling of disorientation even for self-generated movements. Clinically, it 
means  that  balance  assessment  might  consider  tasks  with  and  without  prediction:  e.g., 
perturbation tests where the patient is or isn’t told the direction of push. The ability to brace or 
anticipate can drastically change outcome, revealing the role of integration of vestibular input 
with preparatory motor commands.

Dual-Task and Cognitive Load: There is growing evidence that cognition (attention, executive 
function)  and  balance  are  interlinked,  especially  in  older  adults  and  those  with  vestibular 
disorders. Performing a cognitive task (e.g., counting backwards) while standing or walking can 
increase sway or risk of missteps, as attentional resources are divided. This is often called the 
“dual-task cost.” Vestibular patients may have an increased dual-task cost – for instance, they 
might walk significantly slower or sway more when concurrently doing a mental task than a 
healthy person would. This implies that maintaining balance uses more conscious attention for 
them because the automatic reflexive part is compromised. Some rehab programs deliberately 
incorporate dual-task training (having patients balance while doing a cognitive task) to improve 
real-world  balance (since in  life  we rarely  focus 100% on balance).  It  also means that  in 
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evaluating a patient,  if  someone seems fine in clinic  (quiet  setting,  fully  concentrating) but  
complains of falls when, say, carrying groceries and talking, that could be due to this cognitive 
load factor.

Cortical  Contributions: The  notion  of  a  distinct  “vestibular  cortex”  has  gained  traction. 
Functional  imaging  (fMRI,  PET)  in  patients  with  vestibular  disorders  and  during  vestibular 
stimulation have mapped areas in the parietal lobe (parieto-insular vestibular cortex, PIVC), 
hippocampus,  and  temporoparietal  junction that  process  vestibular  information.  After 
unilateral  vestibular  loss,  neuroimaging  has  shown  changes  not  only  in  brainstem  and 
cerebellum but in these cortical areas as well – even volume changes in hippocampus, insula, 
etc.,  presumably reflecting neuroplastic reorganization.  Clinically,  cortical  involvement could 
manifest as altered spatial orientation, memory, or even body perception issues in vestibular 
patients. For example, chronic vestibular loss patients can have impaired spatial memory (finding 
their way in new environments) and increased anxiety, thought to be related to hippocampal and 
limbic connections.  The vestibular-autonomic pathways (vestibular  influences on autonomic 
centres via cortex and brainstem) might explain why some vestibular patients get panic or 
autonomic symptoms (sweats, palpitations) in challenging balance situations. Recognizing that 
the cortex adapts and sometimes maladapts, there’s interest in therapies targeting these higher 
levels – e.g., visual dependency retraining to reduce reliance on visual cortex input, or cognitive-
behavioural therapy to address anxiety that worsens balance.

Persistent Postural-Perceptual Dizziness (PPPD): This is a newer diagnosis that embodies 
many advanced concepts. PPPD is essentially a functional disorder of postural control where 
even after  a  vestibular  insult  is  gone,  the  patient  remains  in  a  state  of  heightened visual 
dependence and anxiety about balance. The brain’s “settings” for sensory weighting and threat 
assessment of balance become abnormal. These patients often have normal lab tests (vestibular 
function may be recovered) but show continued high sway on posturography in challenging 
conditions and extreme reliance on vision.  They often benefit  from vestibular  rehabilitation 
combined with cognitive therapy, highlighting the mind-body integration. PPPD underscores that 
perception  of  balance  (cortically  mediated)  can  persist  as  disordered  even  when  reflexes 
normalize.

Functional Mobility and Community Balance: Traditional exams in clinic may not catch all 
problems. A patient might pass Romberg but fall on a bus if it jerks to a stop. Thus, “functional” 
balance measures try to simulate or at least account for complexity: obstacles, uneven terrain,  
simultaneous tasks. The Dynamic Gait Index (DGI) includes walking while turning the head, 
stepping over objects, etc. The Berg Balance Scale includes tasks like retrieving an object from 
the floor or standing on one leg. These tests correlate with fall risk and are often used by physical 
therapists. They provide insight beyond the static exam: for instance, a vestibular patient might 
score poorly on “head turns while walking” (indicating residual vestibular issues) but fine on 
“retrieve  object  from  floor”  (because  that’s  more  vestibular-autonomic  perhaps,  less  head 
movement involved). Including such tests in assessment can guide therapy – if they specifically 
struggle with head turns, we train gaze stability; if stepping over obstacles is the issue, maybe 
leg strength or depth perception needs work.

Technology in assessment: Virtual reality (VR) and augmented reality are now being explored 
to test balance in more life-like simulations. For instance, VR can create an illusion of a moving 
environment to see how the patient responds (sort of a souped-up version of condition 3 and 6 
in SOT). It can also allow safe testing of extreme scenarios: standing on a virtual ledge or walking 
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in a virtual crowd – triggering the kind of imbalance or anxiety that real environments do, while  
still in the safety of a harness in the clinic. Such advanced tools may better quantify things like 
visual vertigo or height intolerance. They are also used in rehabilitation (treating those phobic 
elements by gradual exposure in VR).

Neuroplasticity and Training: An advanced insight in vestibular care is leveraging the brain’s 
plasticity not just to compensate but to optimize performance. High-level balance activities (like 
those done by gymnasts, surfers) demonstrate that the balance system can be trained beyond 
its baseline. This is encouraging for patients: targeted exercises can indeed improve balance by 
forging stronger connections or strategies. Imaging studies showing increased cortical thickness 
in areas after balance training provide biological evidence that therapy works not just on muscles 
but on the brain. There’s also interest in whether non-invasive brain stimulation (like cerebellar  
TDCS or transcranial magnetic stimulation to vestibular cortex) could enhance rehab by boosting 
plasticity in relevant networks. While experimental, it highlights that rehabilitation is entering a 
neuromodulation era, not just repeating movements but potentially priming the brain to adapt 
faster.

Falls and Fear: Another evolving paradigm is the appreciation of fear of falling as both an 
outcome and a cause. Patients who have fallen often develop an overly cautious gait  that 
ironically  increases  fall  risk  (as  mentioned  earlier,  stiff  and  no  longer  using  normal  ankle 
strategies). Tools like the Falls Efficacy Scale measure confidence in balance. Interventions now 
often include a psychological component to rebuild confidence, because no matter how improved 
the vestibular function is, if the patient is terrified to move, their balance won’t truly normalize.

Biomechanics meets vestibular: Researchers are analysing in detail how exactly vestibular 
signals drive muscle activation patterns during complex movements. For example, during a rapid 
arm raise, your centre of mass shifts – the vestibular system senses it and triggers leg muscles 
to stabilize (feed-forward mechanism). In vestibulopathic patients, this coupling might be weaker, 
so an innocuous movement can cause a loss of balance. Recognizing such integrated responses 
can refine training: maybe we have patients practice moving limbs while maintaining balance to 
reinforce those connections.

In short, the advanced view of balance is as a whole-person function – involving sensorimotor, 
cognitive, behavioural, and even emotional aspects. The trend is toward holistic assessment, 
where a patient might get vestibular function tests, balance lab tests, cognitive screening (for 
attention, executive function), and fear-of-falling questionnaires all together to map out their 
profile. Treatment then is tailored across these domains (vestibular rehab exercises, cognitive 
strategies,  psychological  support,  environmental  modifications).  This  integrated  approach 
improves outcomes in complex chronic balance disorders.

Summary of Clinical Utility

Balance testing – both clinical and laboratory – significantly enhances diagnostic precision and 
management in vestibular medicine. Through systematic bedside examination of stance and 
gait, a clinician can localize lesions along the vestibular pathways: identifying whether imbalance 
arises  from  peripheral  vestibular  end-organs,  central  integrative  structures,  or  other 
sensory/motor  systems.  The  clinical  utility  of  these  tests  lies  in  their  ability  to  translate 
neurophysiological dysfunctions into observable signs that guide decision-making. For example, 
a  positive  head  impulse  and  unilateral  falling  direction  localizes  a  peripheral  vestibular 
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hypofunction, steering the workup toward the inner ear (and away from, say, a brain MRI). A 
Romberg sign that is present with eyes closed but absent with eyes open localizes the deficit to 
either vestibular or proprioceptive input (and not cerebellar output), focusing the differential and 
further testing appropriately. Conversely, an inability to maintain stance even with eyes open 
suggests a central process, prompting urgent investigation.

By structuring the interpretation (as in Table 2’s framework), clinicians can differentiate central  
vs peripheral balance disorders with greater confidence, often at the bedside. This has life-saving 
implications in acute settings (distinguishing stroke from neuritis) and long-term implications in 
choosing therapy (vestibular rehab for peripheral; neuroimaging and perhaps neurorehab for 
central; multisensory training for age-related imbalance, etc.). Moreover, balance exams often 
reveal comorbidities – a vestibular patient with a mild neuropathy or visual deficit can be identified 
and those contributory  factors  addressed (e.g.,  refer  for  cataract  surgery  or  proprioceptive 
training), thereby improving overall stability more than if one focused on vestibular loss alone.

Laboratory  balance  tests  add  quantitative  backing  to  these  clinical  impressions,  allowing 
objective monitoring. For instance, documenting a vestibular ratio improvement on CDP after 
vestibular rehabilitation reinforces that the therapy is effective and encourages patient (and 
clinician) to continue. In medico-legal contexts, lab results can validate a patient’s symptoms 
(e.g., a normal ENG might be wrongly interpreted as “nothing is wrong,” but CDP may show 
significant  functional  impairment in balance).  This is  crucial  for  disorders like PPPD where 
conventional tests might be normal, but the person is truly impaired in their ability to maintain 
posture under certain conditions.

Another key utility is in the tailoring of rehabilitation. Balance testing identifies which systems a 
patient is relying on or lacking. A tailored program can then be designed: a person with visual  
dependence  will  benefit  from  exercises  in  reduced  visual  conditions  to  force  use  of 
vestibular/proprioception,  while  one  with  vestibular  loss  needs  strategies  to  maximize 
proprioceptive cues and vision (and maybe assistive devices in low light). Outcome measures 
like  FGA  or  DGI  scores  can  track  improvement  in  real-life  functional  balance,  informing 
adjustments  to  therapy  plans  (for  example,  if  scores  plateau,  adding  dual-task  training  or 
psychological support if fear is limiting progress).

In preventive medicine, balance assessment can identify at-risk individuals (e.g., an older adult 
with subtly impaired balance on exam can be enrolled in fall prevention exercise classes before 
a  fracture  happens).  Vestibular  screening  including  balance  tests  might  be  advocated  in 
populations with high fall risk (like those on vestibulotoxic medications or with inner ear disorders) 
to intervene early.

From a broader perspective, thorough balance testing exemplifies the interdisciplinary nature of 
vestibular care. The physician, physical therapist, and audiologist or vestibular scientist each 
contribute: the physician might pick up neurological clues, the therapist quantifies functional 
limitations and works on them, the audiologist quantifies vestibular loss. Collaboration ensures 
that the diagnostic localization (labyrinth vs central vs both) and the functional impact (how it  
affects daily activities) are both addressed – which ultimately is what the patient cares about: not 
just what is wrong, but what can be done and how will it help me function.
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In conclusion, clinical and laboratory balance testing is an invaluable extension of vestibular 
assessment that moves beyond simply eliciting vertigo to evaluating the stability of the patient’s 
interaction with their environment. By formalizing these tests in a structured monograph format 
(as done in this review), vestibular practitioners can standardize training, ensure critical elements 
are not overlooked (like checking tandem gait or doing a foam Romberg), and interpret findings 
with a consistent framework. This yields more accurate diagnoses (e.g., catching a central cause 
early,  not  overcalling  benign  disorders  when  signs  don’t  fit)  and  informs  targeted, 
multidisciplinary  interventions.  The  net  effect  is  improved  diagnostic  precision  and  patient 
outcomes – patients get the right diagnosis faster, and management plans that truly address 
their balance problems, whether through medical, surgical, rehabilitative, or supportive means. 
Balance testing, therefore, transforms the often-vague symptom of “dizziness” into concrete, 
analysable data that directly guides clinical care in vestibular medicine.

Table 3: Common Bedside Pitfalls and Interpretation Errors

Pitfall  /  Error  in 
Examination

Description and Impact on Interpretation

Patient Anxiety or “Fear of 
Falling”

An anxious patient may sway excessively or insist on opening eyes, not due 
to neurologic deficit  but due to fear. They might also stiffen up, which 
paradoxically reduces effective balance (no normal ankle strategy). This can 
lead to a false impression of severe ataxia. For example, a patient who is 
very fearful  might  perform poorly on Romberg or  gait  in clinic,  but  if 
distracted or slightly supported, balance appears better. Solution: reassure 
and, if needed, perform tests with slight support first to build confidence. 
Note if sway seems out of proportion to actual risk (some patients oscillate 
wildly without actually falling – a sign anxiety might be playing a role).  
Documentation should mention if anxiety likely affected the exam.

Inadequate 
Instruction/Supervision

If the patient doesn’t understand the test (e.g., they keep eyes open during 
Romberg or don’t bring feet together), results are invalid. Likewise, not 
standing close to guard a patient can result in a fall or the patient prematurely 
stopping the test out of fear. Solution: Clearly explain each step (“I will be 
right here, I won’t let you fall”), demonstrate if needed, and ensure proper 
form (feet  together means touching or  nearly touching heels,  etc.).  Not 
guarding can also turn a positive test into a fall/injury – safety first, one hand 
in reach at all times.

Improper Environment Balance tests can be skewed by environmental factors: uneven floor or exam 
table against which patient can subtly brace, loud surrounding noise (patient 
uses auditory cues to orient),  or  distractions.  For  Fukuda stepping,  any 
asymmetry like a sloped floor will cause rotation even in normals. Solution: 
perform on a flat, firm surface; quiet area. Poor lighting can also affect 
results (if patient has poor vision, a fully dark Romberg might be harder than 
a low-light one). Standardize conditions as much as possible.

Interpreting Mild Sway as Nearly everyone sways slightly when standing – expecting zero sway is 
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Positive unrealistic. A Romberg test should be labeled “positive” only when sway is 
significant or the patient must move feet/arms to balance. Over-interpreting 
a  minimal  sway  could  lead  to  false  diagnoses.  Solution:  use  clinical 
judgment on degree – e.g., swaying within a few degrees with eyes closed, 
no steps, is essentially normal or “physiologic sway.” Mark as “Romberg 
not  truly  positive,  mild  sway only.”  Similarly,  one  or  two missteps  on 
tandem in an older person might be normal. Context of age and baseline 
ability matters.

Ignoring Patient’s Baseline 
and Aids

If the patient usually uses a cane or orthotic, testing them without it might 
exaggerate their instability. Conversely, some come trying to “do their best” 
but we need to know typical function. Solution: Observe with and without 
usual  aids.  For  example,  test  gait  with  their  cane  (to  see  how  they 
compensate)  and  without  (to  see  true  ability).  If  a  patient  is  wearing 
inappropriate footwear (high heels or thick unstable soles), it  can affect 
balance – have them remove shoes if safe (or wear their usual supportive 
shoes if they came in slippers). Document whether they were tested with 
shoes on/off, aids on/off.

Not Accounting for Fatigue 
or Medication

Repeating  balance  tests  many  times  can  fatigue  the  patient,  leading  to 
worsening performance that might be misinterpreted as a pathological sign. 
Also, patients on sedatives or vestibular suppressants will perform worse. 
Solution: Note timing (if patient already had a long therapy session before 
exam, etc.). Ideally, do balance exam when patient is relatively fresh. If 
medications are a factor (e.g., benzodiazepine use), acknowledge that in 
interpretation – perhaps re-test after medication adjustment.

Misattribution of Findings Balance test abnormalities can have multiple causes, and it’s an error to 
automatically blame “vestibular” without checking others.  E.g.,  positive 
Romberg could be vestibular OR dorsal column – if  one doesn’t check 
proprioception,  one  might  miss  vitamin  B12  deficiency  causing  the 
imbalance. Similarly, a wide-based gait might be from orthopedic issues 
(e.g., a person with bilateral knee osteoarthritis stands wide for stability due 
to  pain).  Solution:  perform  a  complete  neurologic  exam  in  tandem  – 
reflexes,  sensation,  coordination  –  to  put  balance  findings  in  context. 
Recognize patterns: if Romberg is positive but head impulse normal and 
vibration sense absent, it’s sensory ataxia, not vestibular.

Over-reliance  on  a  Single 
Test

No one bedside test is 100% sensitive or specific. For instance, a negative 
Fukuda doesn’t exclude a unilateral vestib loss. A negative Romberg doesn’t 
exclude  vestibular  dysfunction  (could  be  compensated  or  bilateral 
symmetric). Solution: consider the total picture of all tests. If most point 
toward a deficit, one normal test might be an outlier (compensated or just 
not sensitive enough). Conversely, one abnormal in isolation (e.g.,  only 
tandem is off by one step, everything else fine) might be a false positive or 
incidental. Use multiple tests to cross-verify conclusions.

Documentation Errors Failing to note the specifics (e.g., direction of fall, conditions of test) can 
lead  to  misinterpretation  later.  Writing  “Romberg  positive”  alone  lacks 
detail  –  positive  how? to  which  side?  how long until  loss  of  balance? 
Without these, subsequent providers might not grasp the severity or pattern. 



www.australiandizzinessclinics.com

Page 32 of 32

Similarly, not noting if eyes open vs closed on tandem was attempted can 
cause confusion. Solution: Document thoroughly: “Romberg: eyes closed, 
began to sway backward after 5s, caught self by 10s – test positive for 
postural instability.” Or “Fukuda: rotated ~90° to right over 50 steps.” These 
help ensure proper understanding and tracking over time.

References

1. Vestibular  Disorders  Association  (VeDA).  The Human Balance System:  How do we 
maintain our balance?. VeDA publication; 2016.

2. StatPearls [Internet]. Dougherty JM, et al. Vestibular Dysfunction. Treasure Island (FL): 
StatPearls Publishing; 2023.

3. Wilson VJ, et al. The vestibulocollic reflex. J Vestib Res. 1995;5(3):147-170.

4. McCall  AA, et al.  Descending influences on vestibulospinal and vestibulosympathetic 
reflexes. Front Neurol. 2017;8:112.

5. Lacour M, Helmchen C, Vidal PP. Vestibular compensation: the neuro-otologist’s best 
friend. Curr Opin Neurol. 2016;29(1):xxx-xxx.

6. Nurseslab [Internet]. Romberg Test – Interpretation and Limitations. 2023.

7. Zamyslowska-Szmytke  E,  et  al.  Bedside  examination  for  vestibular  screening  in 
occupational medicine practice. Int J Occup Med Environ Health. 2015;28(2):379-392.

8. Karakus O, et al. Differentiating central from peripheral causes of acute vertigo in the ED 
with HINTS, STANDING, and ABCD2. Acad Emerg Med. 2022;29(11):1245-1256.

9. Møhwald K, et al. Prospective quantitative evaluation of gait and stance in acute vertigo:  
peripheral vs central. J Neurol. 2025;272(5):XXX-XXX.

10. Strupp M, et al. Bilateral vestibulopathy: Diagnostic criteria of the Bárány Society. J Vestib 
Res. 2017;27(4):177-189.

11. Beh SC, et al. Vestibular Migraine. Vestibular Disorders Assoc. (VeDA) Article; 2020.

12. Shirley Ryan AbilityLab; 2013. Rehab Measures: Sensory Organization Test (SOT).


	Introduction
	Neurophysiology and Anatomical Substrates
	Mechanisms and Classification of Balance Dysfunction
	Clinical Examination Methodology
	Interpretation Framework for Balance Tests
	Clinical Application Scenarios
	Laboratory Assessment of Balance
	Advanced Insights and Evolving Paradigms
	Summary of Clinical Utility
	References

