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ABSTRACT  
   

Significance: Unilateral vestibular hypofunction (UVH) is common amongst adults. In 

UVH, the initial physiological symptoms typically subside due to central nervous system 

mechanisms; however, functional challenges can persist and impact patients’ quality of 

life. Thereby, greater knowledge is needed to identify the functional consequences 

patients with chronic UVH exhibit to reduce patient fall risk and resolve symptoms.  

Purpose: This dissertation consists of two specific aims: 1) To identify postural stability 

differences in patients with/without chronic UVH during dynamic walking tasks and 2) 

To investigate the relationship between self-perceived handicap scores, postural stability 

outcomes, and degree of vestibular severity in patients with chronic UVH. 

Methodology: A total of 50 subjects were recruited (25 with UVH and 25 aged-matched 

controls). All subjects performed the Dynamic Gait Index (DGI) by walking on an 

electronic walkway, GaitRITE. Ambulation time (s), cadence (steps/min), step length 

(cm), stance time (s), and percentage of gait spent in double support (%) were collected 

via GaitRITE and analyzed for all subjects. Data were compared using a 2 X 6 analysis of 

variance.  To address the second aim, subjects were asked to complete the Dizziness 

Handicap Inventory (DHI) as a measurement of self-reported handicap. Data were 

analyzed using non-parametric paired sampled t-test and Spearman’s Rank correlations 

with Holm alpha-correction.  

Results: Results indicated significant differences in all gait outcomes between control 

and UVH subjects for all DGI conditions analyzed (p < 0.05). In addition, significant  

(p < 0.05) correlations were seen between gait outcomes and DHI scores; however, this 

was only observed in DGI conditions of walking with horizontal and vertical head turns. 
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A positive correlation was also detected between higher percentage of asymmetry and 

increased DHI scores in UVH subjects (p < 0.05). 

Conclusions: Postural stability while ambulating and self-perceived handicap differences 

do exist in adults with and without UVH.  It is apparent that complex tasks of dynamic 

walking, especially with upper head and trunk movements, are difficult for adults with 

chronic UVH and may contribute to increased handicap during activities of daily living. 

Thus, dynamic walking tasks may be utilized by clinicians to aid in their differential 

diagnosis and decision for secondary referral of dizzy patients.  
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CHAPTER I 

INTRODUCTION  
 Peripheral vestibular dysfunction is common in young to elderly adults and can 

have evident physical and functional impact in the daily lives of those affected. Unilateral 

vestibular hypofunction is often a result of irreversible damage to the vestibular-portion 

of the eighth cranial nerve and results in the common disorder referred to as vestibular 

neuritis. Initial symptoms include severe spontaneous vertigo, nausea, and emesis.  With 

the assistance of central vestibular compensation, symptoms shift to be less severe 

physiologically.  However, serious functional effects remain, such as postural instability, 

motion provoked vertigo, risk of fall, and psychosocial effects associated with fear of 

falling (Jacobson & Shepard, 2016).  

 Most often, patients with vestibular neuritis will visit their primary care physician 

for treatment.  During this consultation the physician will focus on a vestibular and neural 

bedside evaluation to identify classic signs of vestibular impairment (e.g., spontaneous 

nystagmus). However, research has shown that the time for severe symptoms to subside 

due to activation of the compensation process is an average of 72 hours (Furman & Cass, 

2003).  If the patient has not seen the physician during this time, neural compensation in 

active and clearly visible symptoms have typically subsided (i.e., reduced spontaneous 

nystagmus). Yet, functional postural deficits, such as swaying while walking, are clearly 

visible (Jacobson & Shepard, 2016).  Survey results have shown that primary care 

physicians are less likely to perform fall risk screenings in patients with reported 

dizziness, and less than 20 percent will refer to a specialists for further evaluation 

(Johnson et al., 2008). When the patient is referred, it is often made to the 
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otolaryngologist, at which point the patient may wait an average of three to six months to 

be seen (Rodriguez, Song, Zupancic, Nguyen, & Siefiert, 2016).  As such, definitive 

diagnosis and rehabilitation is often delayed and patients can develop chronic symptoms.  

During the waiting process to see a specialist, patients with unilateral vestibular 

hypofunction may undergo repeated laboratory work-ups with unremarkable and 

inconclusive results (Honaker, Gilbert, & Stabb, 2010).  Additionally, delayed treatment 

poses a threat to patients, as they are at a higher risk of fall related to their postural 

instability.  The patients also may develop a fear of falling, which can have several 

implications for reduced quality of life (Criter & Honaker, 2013).    

 Results from research studies have revealed that elderly adults with vestibular 

impairments exhibit postural instability while standing and walking (e.g., greater amount 

of sway) (Marchetti et al, 2008).  However, these prior investigations characterized 

postural instability differences in heterogeneous populations of patients with vestibular 

impairment (i.e., patients with varying ages and inner-ear pathologies). A challenge in 

studying vestibular dysfunction in adults is the task of considering all of the factors 

present that affect the level of functional performance in the experimental design.  

Factors such as age, length of symptoms, and physiological specifics of the vestibular 

lesion influence the functional performance in adults with vestibular and balance 

disorders (Furman & Cass, 2003). Therefore, it is crucial to observe postural instability 

characteristics in adults with specific disorders, such as chronic unilateral vestibular 

hypofunction. However, objective measures of performance do not always describe the 

impact patients with chronic dizziness perceive in their daily life.  In fact, increased self-

perception of dizziness and imbalance fosters self-imposed activity restriction caused by 
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fear of falling and/or minimized functional independence (Collerton et al., 2012; Cheal & 

Clemson, 2001).  McCaslin, Jacobson, Grantham, Piker, and Verghese (2011) conclude 

that measures of vestibular impairment do not significantly correlate with self-perceived 

disability/handicap scores from the Dizziness Handicap Inventory (DHI) and do not 

necessarily illustrate the need for further testing or rehabilitation in adults. While there is 

empirical evidence that bilateral vestibular reductions are perceived as self- handicap, 

minimal information exists on the postural control characteristics pertinent in adults with 

unilateral vestibular hypofunction, and how those outcomes correlate to self-perceived 

handicap scores.  

 The purpose of this study is to better understand the effect of chronic unilateral 

vestibular hypofunction on dynamic tasks consistent with daily movements (e.g., walking 

with horizontal head movements). In this study, the objectives were designed to further 

explore the effect of unilateral vestibular hypofunction in adults with chronic symptoms 

during a dynamic walking task and assess self-perceived handicap effects imposed by 

dizziness. Effectively assessing functional symptoms of patients with chronic vestibular 

symptoms and improving the quality of their lives is of utmost importance.  

Purpose 

To study the effect of chronic unilateral vestibular hypofunction on postural stability and 

self-perceived dizziness disability/handicap in adults 

Hypothesis 

Chronic unilateral vestibular hypofunction negatively influences postural stability (as 

evaluated with GaitRITE outcome measures) and self-perceived dizziness 

disability/handicap (as evaluated by the Dizziness Handicap Inventory) in adults 
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compared to those without pathology.   

Specific aims of this study 

Aim 1: Characterization of postural instability observed in adults with chronic unilateral 

vestibular hypofunction compared to age-matched healthy adults.  This incudes 

examining the following GaitRITE measures of gait parameters: 

a) The effect of unilateral vestibular hypofunction on ambulation time (sec) 

b) The effect of unilateral vestibular hypofunction on cadence (steps/min) 

c) The effect of unilateral vestibular hypofunction on step length (cm) 

d) The effect of unilateral vestibular hypofunction on stance time (s) 

e) The effect of unilateral vestibular hypofunction percentage of double support time (%) 

Aim 2: Characterization of the self-perceived balance disability/handicap in adults with 

chronic unilateral vestibular hypofunction compared to age-matched healthy adults.  This 

includes examining the Dizziness Handicap Inventory scores and the following vestibular 

and GaitRITE test results: 

a) Determine the relationship between vestibular impairment severities (based on 

performance on caloric, cervical vestibular evoked myogenic potentials, and rotational 

chair) with measures of Dizziness Handicap Inventory in adults with chronic unilateral 

vestibular hypofunction 

b) Determine the relationship between GaitRITE parameters (i.e., ambulation time, 

cadence, step length, stance time, and percentage of double support) with measures of 

Dizziness Handicap Inventory in adults with chronic unilateral vestibular hypofunction 

 Data regarding characteristic postural control differences and self-handicap have 

implications for physicians, audiologists, and physical therapists who interact with dizzy 
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patients.  Greater understanding regarding the influence of unilateral vestibular 

hypofunction on functional performance will be key for rehabilitation and fall prevention 

in adult patients.  Information from this study may also support the need for physicians to 

screen for imbalance, promote faster referral for further treatment, utilize the expertise of 

audiologists to definitely diagnose unilateral vestibular hypofunction, and provide 

physical therapists with the appropriate information to target therapy plans for each 

patient in efforts to improve overall quality of life. 
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CHAPTER II 

REVIEW OF LITERATURE 
 

 Dizziness in adults is common and has several physiological and functional 

implications that should call attention to clinicians who evaluate and treat dizzy patients.   

This review of literature is divided into three parts. Part I, “The Nature of the Dizziness 

and Balance,” describes the anatomy and physiology that is relevant for the normal 

vestibular system and what occurs when the system is impaired.  Part II, “The Impact of 

Dizziness,” describes the scientific significance of dizziness-related falls and the 

corresponding physical, financial, and psychosocial consequences. Part III, “Current 

Diagnostic and Management Trends,” outlines key issues in diagnosis of dizzy patients 

and introduces the potential need for alternative diagnostic and screening methods for this 

population of individuals.  

Part I: The Nature of the Dizziness and Balance 

 The vestibular system contributes a substantial role in maintaining postural 

control and gaze stabilization by sensing head motion in three dimensions (Jacobson & 

Shepard, 2016). The human vestibular system is comprised of three components: a 

peripheral sensory apparatus, a central processor, and a mechanism for motor output.  

The peripheral apparatus consists of a set of motion sensors that sends information about 

head and body motion to central nervous system (CNS) components, including the 

vestibular nucleus complex and cerebellum (Furman & Cass, 2003). The CNS then 

processes signals and combines them with other sensory information (i.e., visual and 

somatosensory) to estimate head and body orientation. The output of the central 

vestibular system then goes to the ocular muscles and spinal cord to serve important 
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reflexes related to postural stability for stance and dynamic movement (Jacobson & 

Shepard, 2008). The performance of the vestibular reflexes is monitored by the CNS and 

readjusted as necessary by the cerebellum to correct or modify motor movement for 

controlled stance and ambulation. The following will illustrate the critical aspects of the 

vestibular system. 

The Peripheral Vestibular Apparatus 

 Bordered laterally by the air-filled middle ear and mastoid and medially by 

temporal bone, the peripheral vestibular apparatus is posterior to the cochlea. The 

vestibular peripheral system consists of the membranous and bony labyrinths, as well as 

the motion sensors of the vestibular system, the hair cells. Each bony labyrinth contains 

three semicircular canals (SCCs) termed the horizontal, posterior, and anterior canal. The 

bony labyrinth also contains a central chamber called the vestibule, which houses the 

otolith organs (Hain & Helminski, 2003). The bony labyrinth is filled with perilymphatic 

fluid, which has chemistry similar to that of cerebrospinal fluid (high Na: K ratio). The 

membranous labyrinth is suspended within the labyrinth by perilymphatic fluids and 

supportive connective tissue.  The membranous labyrinth contains five sensory organs: 

the membranous portions of the three SCCs and the two otolith organs, the utricle and 

saccule. The end of each SCC widens to form the ampulla and contains endolymphatic 

fluid, which resembles more of that of intracellular fluid (high K: Na ratio). Under 

normal circumstances, there is no direct communication between endolymph and 

perilymph compartments (Jacobson & Shepard, 2008). The hair cells of the vestibular 

system are specialized in that they are contained in each ampulla and otolith organ to 
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serve as biological sensors that convert displacement of specific head motion into neural 

firing that is further interpreted in the brain. 

 The hair cells in each ampulla and otolith organ convert mechanical displacement 

generated by head motion into neural firing that will be directed to specific areas of the 

brainstem and cerebellum for initiation of reflexes important for postural adjustments. 

The hair cells of the ampulla reside with nerve fibers and supporting tissue called the 

crista ampullaris. The hair cells of the saccule and utricle are referred to as the maculae 

and are located on the medial wall of the saccule and the floor of the utricle. Each hair 

cell is innervated by an afferent neuron located in the vestibular ganglion (also referred to 

as the Scarpa’s ganglion). Similar to the shearing force that occurs in the cochlea, when 

vestibular hair cells are bent towards or away from the longest process of the hair cell, 

firing rate increases or decreases in the vestibular portion of the eighth cranial cochlear-

vestibular nerve (CN VIII). However, due to the different structures in the SCC and the 

vestibule, bioelectrical signals are generated differently depending on the type of head 

movement (Furman & Cass, 2003). By virtue of their orientation and differences in fluid 

mechanics, the hair cells within the canals and otolith organs respond to head motion in 

specific directions; SCCs respond to angular velocity and the otoliths respond to linear 

acceleration and gravitational tilt. 

 Specifically related to the SCC, a flexible, diaphragmatic membrane called the 

cupula overlies each crista ampullaris and completely seals the ampulla from the 

vestibule. The crista ampullaris contains the vestibular hair cells of the SCCs, as well as 

the vestibular afferents (Jacobson & Shepard, 2008). The purpose of the cupula is to 

serve as a barrier from the SSC to the vestibule.  The cupula is not physically attached but 
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does remain fixed with an inner turgor pressure.  The cupula also has a specific density 

that is equal to that of endolymph; thus, it is not sensitive to static positions of the head. 

However, the SCCs are responsive to head motion occurring in an angular direction. 

Depending on the plane of angular movement, the associated SSC is stimulated and 

endolymphatic fluid within the membrane’s labyrinth canal creates a pressure differential 

across the cupula. Specifically, the cupula “billows” or deforms inward due to its 

gelatinous structure and motion of adjacent endolymph. Kinocilia and stereocilia located 

on the crista extend into the cupula. As the cupula deforms, this causes deflection of the 

stereocilia in either direction. Similar to the inner ear hair cells, deflection of the 

stereocilia towards the kinocilia in each hair cell leads to depolarization. This action then 

results in the opening of the transduction channels of the hair cells, which changes the 

membrane potential of the hair cells (Jacobson & Shepard, 2008). In response to the 

cupular deflection, hair cells then generate action potentials, which are sent to the 

vestibular afferents.  

 It is important to note that the SCCs each respond best to motion in its own plane. 

First, each canal plane within each labyrinth is perpendicular to the other canal planes. 

The six individual SCCs become the following three coplanar pairs: 1) right and left 

horizontal, 2) left anterior and right posterior, and 3) left posterior and right anterior. The 

planes of the canals are close to the plane of the extra-ocular muscles, thus allowing 

connections between sensory neurons and motor output neurons (Hain & Helminski, 

2003). This explains the movement-specific nystagmus when a specific SSC is stimulated 

(e.g., horizontal nystagmus seen in stimulation of the horizontal SCC).  Thus, the SCCs 

provide sensory input about head velocity, which enables the vestibular-ocular-reflex 
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(VOR) to generate an eye movement that matches the velocity of the head movement.  

The desired result is that the eye remains still and in midline view during head motion, 

thus enabling clear vision.  The coplanar pairing of canals is associated with a “push-

pull” behavior.  For example, as the head turns to the right, the right horizontal canals are 

stimulated and there is displacement of the cupula towards the ampulla (referred to as 

utricopetal flow). The hair cells in the right horizontal SCC are in an excitatory state. 

Alternatively, the hair cells in the left horizontal SCC are inhibited, adhering to the “push 

and pull” mechanism of the SCCs (Jacobson & Shepard, 2008).  

 There are advantages to the push-pull arrangement of coplanar pairing. First, 

pairing provides sensory redundancy. The brain interprets the direction of head 

movements by comparing input from the coplanar labyrinths.  Disease or surgical 

intervention disrupts the “push and pull” behavior (Fernandez & Goldberg, 1971).  

Second, such pairing allows the brain to ignore changes in neural firing that occur on 

both side simultaneously, such as might occur due to changes in body temperature or 

chemistry. These changes are not related to head motion and are considered “common- 

mode noise.”  The SCCs also serve as rate sensors of the vestibular labyrinths.  A third 

important dynamic characteristic of the canals has to do with their response to prolonged 

rotation at constant velocity. The SCCs do not produce a signal proportional to velocity 

for prolonged time frame. There is a seven second time constant before the output of the 

signal decays exponentially. This behavior is due to a spring-like action of the cupula that 

tends to restore it to its resting position, which plays a role in testing of the SCCs.  

 The otoliths differ from the SCCs in two basic ways: they respond to linear 

motion instead of angular motion and to acceleration rather than velocity.  The otoliths 
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(the utricle and saccule) register forces related to linear acceleration in that they respond 

to both linear head motion and static tilt with respect to the gravitational axis. Unlike the 

canals, the otoliths need a special hydrodynamic system to activate hair cells. Sensory 

hair cells in the otolith contain calcium carbonate crystals (referred to as otoconia) that 

are embedded in a gelatinous material. The presence of the otoconia increases the density 

to be above that of endolymph, which fills the vestibule. Incorporation of a heavier mass 

on the macula makes otoliths extremely sensitive to linear acceleration and gravitational 

tilt of the head. In greater detail, the utricle and saccule contain central regions where 

kinocilia of the utricular hair cells are oriented toward this center, and kinocilia of the 

saccular hair cells are oriented away from the center (Jacobson & Shepard, 2008). Added 

weight and inertia of the membrane enhances the sense of gravity and motion. With the 

head upright, the otolith membrane bears directly down on the hair cells and stimulation 

is minimal. When the head is tilted, the otolith membrane bends the stereocilia, thereby 

stimulating the hair cells. Motion in the linear plane causes a shearing force that is 

directed perpendicular to the kinocilia of the otolith hair cells.   

 Like the canals, the otoliths are arranged to enable them to respond to motion in 

all three dimensions. In an upright individual, the saccule is vertical (parasagittal), 

whereas the utricle is horizontally oriented (near the plane of the lateral SCCs).  In this 

posture, the saccule can sense linear acceleration in its plane, which includes the 

acceleration orientated along the occipito-cadual axis as well as anterior-posterior 

motion.  The earth’s gravitational field is a linear acceleration field, so the otoliths 

register tilt. For example, as the head is tilted laterally (referred to as roll), shear force is 

exerted upon the utricle, causing excitation. Similar changes occur with the head is tilted 
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forwards or backwards (called pitch) (Furman & Cass, 2003).     

 Otoliths have similar sensors on both sides of the head.  The “push-pull” 

processing for the otoliths is also incorporated into the geometry of each of the otolith 

membranes. Within each otolith macula, the striola separates the direction of hair-cell 

polarization on each side.  Consequently, head tilt increases afferent discharge from one 

part of the macula while reducing the afferent discharge from another portion of the same 

macula (Hain & Hemlinski, 2003). In greater detail, any movement in the linear or tilt 

plane of the head causes a combination of stimulation to the utricle and saccule of the two 

ears. The brain interprets the head orientation by comparing the inputs to each other and 

to other input from the eyes and stretch receptors in the neck, thereby detecting whether 

the head is tilted or the entire body is tipping (Furman & Cass, 2003). Essentially, the 

otolith organs sense how quickly a person is accelerating forward or backward, left or 

right, or up or down. Most of the utricular signals elicit eye movements in the form of the 

ocular-counter roll, while the majority of the saccular signals project to muscles that 

control our posture, such as the vestibular cervical and spinal areas (Jacobson & Shepard, 

2008).  

 The hair cells of the canals and otoliths convert the mechanical energy generated 

by head motion into neural discharges directed to specific areas of the brainstem and the 

cerebellum. The SCCs and otolith organs are able to respond selectivity to head motion in 

a particular direction with speed and accuracy. By virtue of differences in their fluid 

mechanics and structural differences, the canals respond to angular velocity and the 

otoliths to linear acceleration. The vestibular hair cells enable the vestibular afferents to 

use two inputs that aid in human’s ability to detect head changes in reference to the 
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environment. Both vestibular hair cells within the SCCs and the otolith project to the 

vestibular portion of the vestibular-cochlear cranial nerve (VIII CN). 

 The vestibular nerve fibers are the afferent projections from the bipolar neurons of 

Scarpa (vestibular) ganglion. The vestibular nerve transmits afferent signals from the hair 

cells of the labyrinth along its course through the internal auditory canal (IAC).  The IAC 

travels through the petrous portion of the temporal bone to open into the posterior fossa at 

the level of the pons.  The vestibular nerve enters the brainstem at the pontomedullary 

junction (Musiek & Baran, 2007). There are two patterns of firing in vestibular afferent 

neurons.  Regular afferents usually have a tonic rate and little variability in interspike 

intervals. Irregular afferents often show no firing at rest and, when stimulated by head 

motion, develop highly variable interspike intervals. Regular afferents appear to be the 

most important type for the vestibular-ocular reflex.  However, irregular afferents may be 

important for the vestibular-spinal reflex and in coordinating responses between the 

otoliths and canals (Musiek & Baran, 2007).  Input from the vestibular-portion of the 

eighth nerve will then project to brainstem structures carrying afferent and efferent 

information. 

 The Cerebellum 

 The cerebellum plays an important role in monitoring and maintaining vestibular 

performance, equilibrium, control of posture and motor learning, in addition to 

coordinating voluntary movement. As such, the cerebellum has vestibular, 

somatosensory, visual, and motor inputs.  Additionally, the cerebellum receives extensive 

input from the somatosensory system and sends projections to the brainstem motor nuclei 
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and to the motor thalamus, which then projects to the motor cortex (Jacobson & Shepard, 

2008; Jacobson & Shepard, 2016).   

 The cerebellum is composed of three main lobes: the anterior, posterior, and 

flocculonodular lobe. Cerebellar peduncles known as the inferior, middle, and superior 

within the cerebellum are also important for specific cerebellar tracts. The superior 

peduncle is most important for carrying output information out to the brainstem, while 

the inferior and middle peduncles carry input information (DeMyer, 1988).  The inferior 

peduncle houses many afferent tracts, most specifically the vestibulocerebellar tract.  The 

vestibulospinal tract in particular carries information from the vestibular nuclei and 

vestibular nerve (i.e., input from the SCCs and otolith organs) to the vestibulocerebellum 

peduncle.  Efferent information from the inferior cerebellar peduncle contains axons 

within the cerebellovestibular tract that originate within the flocculonodular lobe and 

vermis, both of which project to the vestibular nuclei.  Regions within the cerebellum are 

responsible for assorted physiological responses. The vermis and flocculonodular lobe 

are influenced by the medial longitudinal fasciculus and are integral for postural stability 

and initiation of the VOR (Schubert & Minor, 2004).  

 The vestibular nuclear complex is the primary processor of vestibular input and 

implements efficient connections between incoming afferent information and motor 

output neurons.  The vestibular nuclear complex is located within the pons and medulla 

portion of the brainstem and consists of four major nuclei (i.e., the superior, medial, 

lateral, and descending) and at least seven minor nuclei (Cannon & Robinson, 1987).  

The superior and medial vestibular nuclei receive their input from the SCCs and act as 

relays for the VOR.  The inferior and lateral vestibular nuclei obtain their projections 
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from the otolith organs and are involved in the vestibular-spinal-reflex (VSR) and otolith-

VOR (Jacobson & Shepard, 2008).  The vestibular nuclei are between the two sides of 

the brainstem and communicate together via a system of commissures.  The commissures 

allow information to be shared between the two sides of the brainstem and allow for the 

push-pull pairing of canals discussed earlier.  In the vestibular nuclear complex, 

processing of the vestibular sensory input occurs concurrently with the processing of 

extra-vestibular sensory information (proprioceptive, visual, tactile, and auditory).  

Extensive connections between the vestibular nuclear complex, cerebellum, ocular motor 

nuclei, and brainstem reticular activating systems are required to formulate appropriate 

efferent signals to the VOR and vestibular spinal reflex effector organs, the extra-ocular 

and skeletal muscles (Jacobson & Shepard, 2016). Cannon and Robinson (1987) suggest 

that the cerebellum (specifically the cerebellar flocculus) is essential for motor learning to 

correct and maintain gait of the vestibular reflexes.   

Vestibular Reflexes 

 Following feedback from the cerebellum, there is the need for the motor system to 

make postural adjustments. The motor system must constantly produce postural 

adjustments in order to compensate for changes in the body’s center of mass as we move 

our limbs, head, and torso. Without these automatic adjustments, the simple act of 

stepping over an object would cause the individual to fall (Janky & Shepard, 2011).  With 

proprioception, the motor system requires what is known as sensory feedback.  The 

motor system must use sensory information in order to perform the movement accurately 

and uses sensory feedback to make corrections in movements as they take place (Furman 

& Cass, 2003; Janky & Shepard, 2011).  For example, the sensory feedback is 
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responsible for alerting motor controllers that a perturbation has occurred and its other 

mechanisms need postural adjustments to maintain an upright stance (e.g., catching one’s 

fall by putting his/her arms out).  

 Additionally, the motor system utilizes unconscious processing in order to 

perform many procedures in an automatic fashion.  Many motor tasks, such as walking, 

are performed in an automatic fashion that does not require conscious processing.  For 

example, many of the postural adjustments the body makes during movement are 

performed without our awareness, such as vestibular reflexes (Shepard, Schultz, 

Alexander, Gu, & Boismier, 1993).  A proper motor system requires adaptability for 

changing circumstances, whether those are anatomical or environmental alterations 

(Jacobson & Shepard, 2016).  These unconscious processes allow higher-order brain 

areas to concern themselves with broad goals, rather than low-level implementations of 

movements.   

  The vestibular-ocular reflex is an important mechanism whereby head movement 

systematically results in a conjugate eye movement that is opposite direction to head 

movement. The VOR’s attempts to perform the action is an effort to keep eyes fixed on a 

visual target and continue stability of images on the fovea (central area of the retina 

where visual acuity is the best) (Furman & Cass, 2003).  The ability of the VOR to elicit 

rapid compensatory eye movements depends greatly on the accuracy, integrity, and 

overall pattern connectivity in the central vestibular pathways.  Additionally, the VOR 

works for all types of head movements.  The angular VOR, mediated by the semicircular 

canals, compensates for rotation. The linear VOR, mediated by the otoliths, compensates 

for translational and tilt motion (Furman & Cass, 2003). The horizontal VOR in 
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particular can be discussed in reference to the three-neuron arc, which requires intact 

structures from the eighth cranial nerve (CN VIII) to the motor neurons of the extra-

ocular eye muscles. A thorough description of the normal functioning VOR will be 

discussed in preparation for depiction of a disrupted VOR due to peripheral vestibular 

pathology.  

 Information from the vestibular signals that represents angular and translational 

motion of the head, as well as the tilt of the head relative to gravity, is transduced by the 

vestibular end organs in the inner ear.  This information is then used to control the VOR 

and overall posture. When vestibular function is normal, the VOR operates with accuracy 

and at very short latencies (Strupp & Brandt, 2009). In normal conditions, eye position 

should arrive at a point in time that is equal to the oppositely directed head position, also 

referred to as zero phase-shift (Jacobson & Shepard, 2008). The timely reciprocal effect 

greatly increases the accuracy of the VOR, and the brain interprets the difference in 

neural activity between the vestibular nuclei as a head movement to either direction and 

generates appropriate postural responses (Furman & Cass, 2003).  

 For example, when the head is turned to the left, the goal of the VOR is to move 

the eyes to right. This is made possible by the VOR three-neuron pathway, as well as the 

relevant extra-ocular eye muscles. The eye muscles are arranged in pairs that are aligned 

with the three semicircular canals. This organization allows neural signals from 

individual semicircular canals to be connected to specific ocular muscle pairs (Jacobson 

& Shepard, 2008).  The muscles of interest for horizontal VOR include the lateral rectus, 

which is innervated by the abducens cranial nerve (CN VI), and the medial rectus, which 

is innervated by the medial rectus subdivision of the ocular-motor nerve (CN III). Using a 
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left head turn as an example, the excitatory impulses are sent from the left horizontal 

semicircular canal via the vestibular nerve through Scarpa’s ganglion and cause the 

primary vestibular afferents to synapse in the left ipsilateral medial and ventrolateral 

vestibular nuclei. From these brainstem nuclei, excitatory fibers cross to the right 

abducens nucleus. Some axons will project ipsilaterally and directly stimulate the right 

lateral rectus via the abducens nerve to cause abduction of the right eye. In addition, 

some secondary vestibular neurons from the right abducens nucleus will decussate and 

travel via the medial longitudinal fasciculus tract to synapse in the medial rectus 

subdivision of the ocular-motor nucleus. To coordinate the movement of the two eyes, an 

interneuron connects the abducens nucleus to the ocular-motor nucleus, which contains 

the cell bodies of the motor neurons to the medial rectus muscle. These motor neurons 

then synapse at the neuromuscular junction medial rectus extra-ocular eye muscle and 

cause the left eye to adduct (Jacobson & Shepard, 2008; DeMyer, 1988). As a result, both 

eyes will turn clockwise in reference to a left head turn. Similar patterns of connectivity 

exist for the anterior and posterior SCC, each of which synapse with the vestibular nuclei, 

cranial nerves (III, IV, or VI), the medial longitudinal fasciculus, and collateral neural 

inputs from the reticular formation in the brainstem (Jacobson & Shepard, 2008). 

 A remarkable aspect of the VOR is that it is produced by the coordinated action of 

the two vestibular nuclear complexes that are located in the brainstem, specifically the 

medulla. Each vestibular nucleus cooperates with one another such that when one is 

excited, the other is inhibited, causing a “push and pull” behavior similar to what is seen 

in the peripheral structures. This “push and pull” action is a direct result of the tonic 

vestibular activity in the vestibulo-cochlear cranial nerve (CN VIII) that allows for both 
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an increase and a decrease in neural activity during head movement. Without head 

movement, left and right vestibular activity are balanced (Furman & Cass, 2003).  

 While the VOR is a main contributor to gaze stabilization and controller of 

posture, the vestibulocolic reflex (VCR), cervico-ocular reflex (COR), and 

vestibulospinal reflex (VSR) are important for maintenance of posture during static and 

dynamic tasks. The VCR, often referred to the righting reflex, acts on the neck 

musculature in order to stabilize the head while walking or standing (Bath, Harris, 

McEwan, & Yardley, 1999).  The VCR is driven by afferent inputs from the otoliths of 

the inner ear.  Experimental data suggest that the VCR is mediated through the otolith 

organs and the medial vesitbulospinal and medial reticulospinal tract (Jacobson & 

Shepard, 2016). The convergence of bilateral input to vestibulospinal and medial 

reticulospinal neurons then give rise to reflex excitation of the appropriate muscles of the 

neck, which resist and counteract the head displacement with lower trunk movement. 

Other nerves may arise from the cervical spine, known as the cervical-ocular reflex 

(COR).  The COR is an eye movement response to relative movement of the head with 

respect to the torso, that is neck movement. The reflex is based upon afferent activity 

from the neck rather than from the labyrinth.  Relative movement between the head and 

the torso alters the neural activity relayed to the vestibular nuclei regarding head position. 

The COR is thought to be of minimal importance in normal individuals, because 

quantitative testing of the reflex has revealed minimal eye movements as a result of 

relative motion between the head and torso with the head fixed in space.  However, 

numerous case reports attest to the dizziness and disequilibrium experienced by patients 

who have sustained neck injuries, and some patients have demonstrated nystagmus 
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during the head-fixed, body-turned maneuver.  Also, anesthetizing one side of the neck 

produces acute disequilibrium and imbalance.  Vibration of the neck in patients with a 

unilateral vestibular lesion also suggests an increase in signals from the neck (Furman & 

Cass, 2008).  

 The final reflex of importance is the VSR, which has a goal to stabilize the trunk 

and extremities during walking and standing. The VSR generates compensatory body 

movement in order to maintain head and postural stability and thereby prevent falls. The 

VSR is an accumulation of several reflexes named according to the timing and sensory 

input (i.e., canal, otolith or both).  An example of VSR is when the head is tilted (rolled) 

to one side, both the canals and otoliths are stimulated.  The nuclei receiving these signals 

project out to the vestibular nerves, extra-ocular muscles, spinal cord, and cerebral cortex 

to execute motor and sensory functions. Impulses are transmitted via the lateral and 

medial vestibulospinal tracts to the spinal cord.  The vestibulospinal tracts are responsible 

for upright posture and head stabilization, commanding motor signals to specific muscles 

to counteract these movements and re-stabilize the body.  The medial vestibulospinal 

tract projects bilaterally from the medial vestibular nucleus within the MLF to the upper 

cervical cord to promote stabilization of head position by innervating the neck muscles to 

activate the VCR and COR.  The lateral vestibulospinal tract provides excitatory signals 

to interneurons, which relay the signal to the motor neurons in antigravity skeletal 

muscles.  These antigravity muscles are extensor muscles in the legs that help maintain 

upright and balanced posture. Extensor muscle activity is induced on the side to which 

the head is inclined, and flexor muscle activity is induced on the opposite side (Jacobson 

& Shepard, 2016; Kim, Lee, & Kim, 2010).  
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 The performance of the VOR, VCR, and VSR is monitored by the CNS and 

readjusted as necessary by the cerebellum to correct or modify motor movement; the 

cerebellar flocculus adjusts and maintains the gain of the VOR, and the cerebellar 

nodulus adjusts the duration of VOR responses and is involved with processing of otolith 

input (Furman & Cass, 2008).  The cerebellum, a major recipient of outflow from the 

vestibular nucleus complex, is also a major source of input itself.  Although the 

cerebellum is not required for vestibular reflexes, vestibular reflexes become uncalibrated 

and ineffective when the cerebellum is removed (Jacobson & Shepard, 2008).  Instability 

in individuals is of clinical interest and yields attention to the impact physiological 

vestibular damage has on risk of fall and quality of life.  

Unilateral Vestibular Hypofunction and Role of Neural Compensation 

 Unilateral vestibular hypofunction (UVH) is a common physiological 

consequence due to dysfunction to one part or the entire vestibular portion of the eighth 

cranial nerve (CN VIII). Diseases such as vestibular neuronitis or labyrinthitis commonly 

cause UVH (Schubert & Minor, 2004).  Following an insult a patient typically endures 

signs of the acute phase, which includes severe symptoms and asymmetry between inner 

ear organs. Patients with UVH often report symptoms of true vertigo, nausea, and 

vomiting.  Physiologically, when the peripheral vestibular system is initially damaged, 

the reciprocal, “push and pull” interaction of the two labyrinths is disrupted.  Directly 

following an acute peripheral insult, there is loss of resting neural activity in the 

vestibular nuclei ipsilateral to the lesion (Schubert & Minor, 2004). Thus, neuronal 

activity reaching the ipsilateral nuclei is reduced compared to that reaching the 

contralateral vestibular nuclei.  Vestibular nerves that run from the semicircular canals to 
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the vestibular nuclei maintain an average baseline tonic firing rate of approximately 70 to 

90 spikes per second (Jacobson & Shepard, 2008). Thus, the tonic firing rate is reduced 

below the 70 spikes per second on the affected side. Due to the fact that the brain 

normally detects differences in activity between the two vestibular nuclear complexes, 

the brain interprets the asymmetry between resting firing rates as a continuous head 

rotation typically towards the contra-lesioned ear (Furman & Cass, 2003). This 

asymmetry is carried throughout the VOR three- neuron arch and results in spontaneous 

nystagmus, with slow components directed toward the lesion ear and fast components 

directed toward the intact ear (Jacobson & Shepard, 2008).   

 Within a few weeks, patients with UVH will demonstrate symptoms of 

physiological neural compensation, in which symptoms are lessened and presentation on 

vestibular assessments are representative of absence of spontaneous nystagmus (Jacobson 

et al., 2011).  Vestibular compensation uses central nervous system connections to 

mediate adaptive mechanisms that restore neural activity to the impaired side, which 

results in a reduction in the amplitude of the spontaneous nystagmus and patient 

symptoms.  Vibert, Hausler, and Safran (1999) specifically investigated the vestibular 

compensation and neuroplasticity process. These authors compared electrophysiological 

responses in brains of healthy and vestibular impaired adult guinea pigs.  After the 

removal of one labyrinth in adult guinea pigs, the deafferented ipsilateral vestibular 

nucleus neurons did not activate, and the discharge of the contralateral vestibular nucleus 

neurons was increased.  Specifically, an imbalance between the resting activities of 

medial vestibular nucleus neurons on both sides of the brainstem was revealed in brains 

examined more than three days after the lesion.  Additionally, Lasker, Hullar, and Minor, 
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(2000) determined that after squirrel monkeys underwent a unilateral labyrinthectomy, 

the VOR initiation and latency did not disappear or delay in time when compared to pre- 

labyrinthectomy or control animals.  Thus, loss of vestibular input does not affect the 

initiation of the VOR, and vestibular compensation occurs independently from signals 

conveying the onset of head rotation. According to some authors, resolution of the acute 

phase of UVH and symptoms of spontaneous nystagmus typically occurs within 3-7 days 

but may vary depending on the stage of vestibular compensation and adaptability of the 

central vestibular structures (Strupp & Brandt, 2009).  Clinically, the time course of 

vestibular compensation following UVH is variable and appears to depend on a patient’s 

age and the integrity of his or her brainstem and cerebellum. Knowledge of neural 

compensation and overall plasticity of the brain allows the VOR, brainstem, and 

cerebellar structures to reallocate vestibular information for functionality following UVH.  

 The neural structures that are essential for achieving vestibular compensation 

include the vestibular nuclei in the medulla, the inferior olive in the midbrain, the 

cerebellar flocculonodular lobe, posterior vermis, and anterior lobe vermis (Furman & 

Cass, 2003). The first step in the vestibular compensation process is referred to as 

cerebellar clamping, in which the neural activity from the intact side is reduced at the 

vestibular nuclei level before it is relayed to the motor centers. Cerebellar clamping 

reduces the neural activity from the intact side during head movements and further 

impairs the VOR function. While VOR gain partially recovers over time, it never fully 

reaches it pre-lesion function, especially at high velocities.  Thus, the dynamic 

compensation process is still necessary (Curthoys & Halmagyi, 1995). The vestibular 

pathways, which possess a high degree of plasticity, are essential to overcome the effects 



Texas Tech University Health Sciences Center, Amanda I. Rodriguez, May 2016  

  24 

of environmental and developmental changes, such as aging (Lacour & Bernard-

Demanze, 2014). It is suggested that the vestibular pathways play a significant role in 

dynamic compensation, which occurs several weeks after the initial onset to reduce long-

term negative effects of damage to the vestibular system (e.g., motion-provoked vertigo).  

 Dynamic compensation appears to be a more complex process that may never 

fully resolve the symptoms in some patients (Lacour & Bernard-Demanze, 2014).  

Patients at this stage will endure functional effects, including symptoms of true or 

subjective vertigo with head and body movements and difficulty ambulating in visually 

complex environments (Jacobson & Shepard, 2016; Furman & Cass, 2003).  Balance 

difficulties are attributed to disruption to the symmetry of VOR. These effects pose 

several risk of postural instability and high incidence of fall (Herdman, Blatt, Schuber, & 

Tusa, 2000).  Factors that appear to affect dynamic compensation abilities and result in 

negative outcomes include age, intermittent symptoms, use of vestibular suppressants, 

and lack of physical activity.  Previous studies support the concept that only a partial 

recovery of the vestibular system is achieved, leading adults to report functional deficits 

(Allum & Adkin, 2003).  

PART II: The Impact of Dizziness  

 Annual consultation rates for dizziness as the chief complaint in primary care 

clinics have increased substantially over the past ten years. Dizziness is the chief 

complaint in five percent of walk-in-clinic visits, and the third most common major 

medical symptom reported in general medical clinics (Kroenke & Jackson, 1998; 

Kroenke & Mangelsdorff, 1989). More than 3,000 patients within outpatient clinics have 

been coded with a 9th Edition of the International Classification of Diseases code for 
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dizziness or imbalance since 2011(Dros et al., 2012; Jayarajan & Rajenderkumar, 2003; 

Rodriguez et al., 2016; Royl, Ploner, & Leithner, 2011).  Emergency physicians agreed 

that dizziness was one of the “top 10” non-trauma chief complaints they encountered in 

clinical practice (Saber-Tehrani et al., 2013). More than two-thirds of older adults also 

experience chronic dizziness, with persisting complaints or reoccurring symptoms for 

more than three months (Dros et al., 2012).  Additionally, evolving concepts and 

technology have allowed researchers to see an increasing trend in the number of younger 

adults (18-55 years of age) affected by chronic dizziness (Criter & Honaker, 2013; 

Rodriguez et al., 2016).  Unfortunately, unresolved dizziness is the largest contributor for 

high-fall risk in adults.  

 According to recent statistics, patients over the age of 55 years encounter a fall at 

least once within twelve months (Marschollek et al., 2011).  Additionally, over 100,000 

hospitalizations a year are attributed to dizziness-related falls in the older adult 

population (Honaker, et al., 2010). With such rising statistics, dizziness and associated 

falls are on the forefront of pertinent issues to address, due to the numerous adverse 

consequences.  

Physical Consequences  

 Previous research has shown that falls are physically disadvantageous for the adult 

population. One of the major issues with aging is the increased susceptibility in falling 

due to decreased mobility, reduced bone and musculature strength, lessened cognitive 

abilities, overuse of medication, stroke, dizziness, sensorimotor control deficits, and/or 

impaired vision (Kesin et al., 2008). While many falls result from accidental trips, 

approximately 50 percent may be the result of a medical condition such as inner ear or 
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neurologic abnormality (Steinweg, 1997).  Rubenstein and Josephson (2002) identified 

muscle weakness, use of an assistive device for walking, history of falls and gait, and 

balance disorders as among the highest ranked risk factors for falls in older adults.  While 

a fall in a healthy younger individual may only result in minor injury, the same cannot be 

said for the majority of the elderly population.  An adult patient who has had a fall is 

mostly likely going to have a slower recovery due to decreased bone density and 

competing comorbidities (Honaker et al., 2010).  Decreased physical activity due to a 

dizziness-related fall has an effect on a person’s overall quality of life and can be a 

precursor to social and emotional distress.  

Financial Consequences 

 Falls in the older adult can also lead to substantial expenses for the patient and/or 

hospital.  Longer duration in in-patient hospitals, long-term rehabilitation, home-health 

care, and/or permanent nursing home costs are only some of the financial burdens that 

might occur (Criter & Honaker, 2013). Saber-Tehrani and colleagues (2013) comment on 

the increased number of emergency department (ED) visits for dizziness and related falls, 

that cost more than 4 billion dollars annually.  Patients with symptoms of dizziness or 

imbalance accounted for an estimated 3.9 million ED visits in 2011, at a cost of just over 

1,000 dollars per patient. Neuroimaging accounted for 12 percent of ED costs related to 

assessment of dizziness, which amounted to 470 million dollars in 2011. Diagnostic test 

use for assessment of dizziness and imbalance is likely an important driver of high costs, 

leading Saber-Tehrani and co-authors (2013) to suggest that greater attention should be 

paid to streamlining diagnostic evaluations of dizziness, imbalance, and other potential 

causes for falls (2013).  
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  Authors also address that fall-prevention and rehabilitation costs may be expensive 

for patients to pay and hospitals to adopt.  As with the study proposed by Wolf-Klein, 

Pascaru, and Ma, (1988) the risk of falling program is costly due to the fact that several 

specialists need to evaluate and manage each patient.  However, the risk of fall program 

can be justified as a cost effective approach to reducing falling concerns for older, at-risk 

individuals. A team approach that incorporates home hazard assessment and education on 

fall prevention is presumed to offer benefits of various professionals being involved in 

evaluating the patient, thus reducing the rate of falling in at-risk older adults; however, 

this approach may not always decrease fear of falling (Maki, Holliday, & Tropper, 1991). 

Psychosocial Consequences 

 As a result of physical limitations, an adult with a fear of falling is more likely to 

withdraw from the daily activities and/or be less able to function independently. Thirty 

percent of older individuals with associated poor balance and reduced mobility develop a 

fear falling (Honaker, et al., 2010).  This creates a psychological barrier for the person’s 

willingness to exercise and pursue daily activities to maintain independence (Denkinger 

et al., 2010).  As a result of the psychosocial aspects of falling in the adult population, it 

is expected that the person’s quality of life will decline. Vellas, Wayne, and Romero 

(1997) designed a study to determine social, emotional, and physical characteristics of 

individuals who present a fear of falling (FoF). The study identified that individuals with 

a FoF socially limit their activity level and often present characteristics consistent with 

panic disorders and agoraphobia. Vellas and colleagues concluded that FoF is a lifetime 

issue for individuals and may be attributed to the amount of anxiety that accumulates 

over years of reduced physical activity (1997).  
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 Walker and Howland (1991) interviewed a random sample of 115 subjects who 

were 62 years and older. From that sample, 41percent reported limiting activities due to 

their FoF.  In fact, FoF was the greatest fear among the respondents (25 percent) when 

compared with other common fears such as fear of robbery, fear of forgetting an 

important appointment, fear of experiencing financial difficulties, and fear of losing a 

cherished item.  Similar to other authors, Walker and Howard established that having a 

previous fall lead to a FoF.  However, it was noted that some older adults develop a FoF 

without a history of falls but with a history of expressed dizziness.  

   As a greater proportion of the United States population ages, there is a concern 

about the impact falls have on health of adults. Falls are the number one reason for injury 

related visits to the ED and one of the most common reasons for accidental deaths in the 

United States (Fuller, 2000). Injuries sustained from falls can be treated.  However, the 

fear of a repeated fall or near fall often persists. This can lead to self or caregiver imposed 

restrictions on activities, as well as increased dependence on significant others, 

particularly in those older adults with a diagnosed balance disorder. While there have 

been several approaches for the evaluation and treatment of the high fall risk patient, 

Murray, Carrol, & Hill (2001) suggest that addressing and understanding psychological 

issues cannot be omitted when developing programs that assess vestibular pathologies 

and dizziness. 

Part III: Current Diagnostic and Management Trends 

Symptomology 

 Dizziness is difficult to diagnose because it is highly variable, with symptoms 

ranging from severe vertigo (e.g., rotary movement) to vague sensations of spatial 
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disorientation (e.g., a floating sensation). Patients also have trouble reliably reporting 

dizziness symptom quality to primary care and emergency room physicians, who are 

usually the first to evaluate patients with complaints of dizziness (Newman-Toker et al., 

2008).  However, for many decades physicians have used a textbook approach to 

diagnosing dizziness, which relies heavily on initially classifying the patient’s qualitative 

complaint as vertigo (rotary sensation), presyncope (lightheadedness), disequilibrium 

(imbalance), or ill-defined (broad sensations of non-vertigo) (Newman-Toker et al., 2008; 

Newman-Toker et al., 2007; Jacobson & Shepard, 2008). In its abbreviated form, the 

quality-of-symptoms approach suggests that vertigo indicates a peripheral vestibular 

cause, presyncope indicates a cardiovascular cause, disequilibrium indicates a neurologic 

cause, and ill-defined dizziness indicates a psychiatric or metabolic cause (Newman-

Toker et al., 2008).  The quality-of-symptoms approach has been frequently endorsed in 

the medical literature across disciplines, but to what extent this approach is relied upon in 

clinical practice remains unknown (Baloh, Jacobson, Enrietto, Carona, & Honrubia 

1998).  Additionally, it is suggested that clinicians have difficulty in determining the 

exact cause of a person’s symptoms.  In one study, 46 different diagnoses were given to 

106 dizzy patients (Sloane, Linzer, Pontinen, & Divine, 1991).  This wide spectrum of 

causes makes bedside assessment of dizziness one of the most challenging tasks a 

frontline provider must face (Sloane, Coeytaux, Beck, & Dallara, 2001). 

 A study performed by Newman-Toker and colleagues (2007; 2008) addressed 

whether physicians rely too heavily on symptom quality for differential dizziness 

diagnosis and as a part of their decision making for intervention. Through a multicenter 

qualitative survey, authors found that 89 percent of physicians report taking a quality-of-
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symptoms approach to diagnosis of dizzy patients in the ED.  Saber-Tehrani and co-

authors (2013) advise that those who rely heavily on this approach may be at risk for 

misdiagnoses, especially in more acute-care setting such as the ED, where the most 

crucial concern is to rule out stroke versus a vestibular disorder due to their similar 

presentation (e.g., acute dizziness, nausea, and vomiting).  Other clinical information 

(e.g., timing of the dizziness, triggers, and associated symptoms) is relatively 

undervalued and not as concerning for clinicians. While physicians surveyed are most 

comfortable on using patients’ symptomology for differential diagnosis, they discussed 

being open to using diagnostic testing (e.g., neuroimaging).  Data obtained from a 

outpatient center also revealed that clinicians are using a greater number of unspecific 

dizziness diagnoses codes to diagnose patients in comparison to more disease-specific 

codes, with “dizziness and giddiness” (ICD: 780.4) being the most common. This 

suggests that healthcare clinicians may not have enough initial diagnostic information to 

definitely diagnose a patient’s dizziness, and those patients will most likely need further 

assessments or expertise from other specialists (Rodriguez et al., 2016).  

Diagnostic Work-up 

 An extensive battery of physiological bedside exams, laboratory tests, and 

imaging tests are the standard of practice to exclude dangerous diseases in most cases.  

However, some investigators state that this approach is not efficient for patients with 

expressed dizziness (Guardabascio, Rothman, Zee, & Newman-Toker, 2006).  Post and 

Dickerson (2010) also postulate that laboratory testing and radiography may not be 

beneficial in the work-up of patients with dizziness when no other neurologic 

abnormalities are present. In one meta-analysis, only 26 of 4,538 patients (0.6 percent) 
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had laboratory abnormalities that explained their dizziness (Hoffman, et al., 1999). 

According to some investigators, blood tests (e.g., cell counts, electrolytes, glucose) and 

imaging studies (e.g., computed tomography of the head or magnetic resonance imaging 

brain) are also not cost effective when applied to the evaluation of dizzy patients 

(Hoffman, Einstadter, & Kroenke, 1999). At this time it is unclear as to the value 

traditional diagnostic testing offers for dizziness diagnosis once a stroke is ruled out.  

The “Wait and See” Approach  

 Researchers revealed that primary-care-physicians (PCPs) tend to under-refer 

dizzy patients to specialists or use a more “wait and see” approach coupled with 

pharmaceutical treatment (Dros et al., 2012; Bird, Beynon, Prevost, & Baguley, 1998). 

While the majority of physicians agree that alleviation of a dizzy patient’s symptoms is 

key in reducing future falls and injury, some patients may be dismissed without a firm 

diagnosis or referral because of their unusual presentations or inconclusive test (e.g., 

repeated unremarkable imaging studies) (Honaker et al., 2010).  For example, it is 

estimated that nine percent of elderly adults in the community have undiagnosed benign 

paroxysmal positional vertigo (BPPV) or unilateral vestibular hypofunction (UVH), both 

common peripheral vestibular pathologies (Geser & Straumann, 2012), and that such 

patients frequently go undiagnosed, untreated, and un-referred for more than a year after 

first contact with their primary providers, despite typical clinical presentation (Fife & 

FitzGerald, 2005). Adverse outcomes (e.g., falls or hip fractures) may result from failure 

to promptly diagnose and treat more benign diseases, such as UVH and BPPV.   

 There is also discrepancy between how physicians view the importance of 

referring for dizziness and balance evaluations and the prioritization of balance concerns 
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compared to other medical issues. According to Johnson and colleagues in 2008, in a 

sample of 95 primary care physicians (PCPs), 89.8 percent agreed that it is important to 

evaluate a patient’s balance if he/she complains of having problems. However, 17 percent 

did not agree that dizziness and imbalance in the adult population was considered a high 

priority in comparison to other medical issues. Fifty-four percent of physicians agreed 

that they do not do routine hearing and balance screenings, and only 12 percent refer for 

further objective balance testing (Johnson et al., 2008).   

 Few studies have investigated the utility of PCPs performing vestibular screenings 

and brief rehabilitation for patients diagnosed with UVH.  Results revealed that 

physician-directed vestibular rehabilitation therapy (VRT) reduced patients’ dizzy 

symptoms and demonstrated improved postural stability after therapy was provided in a 

single instructional session intended for the patient to continue on his/her own.  Efficacy 

studies of at-home based VRT performed by a PCP has been shown to improve overall 

balance and reduce symptoms in patients with dizziness, yet researchers suggest that a 

more structured form of treatment is necessary for those patients who may not be 

motivated or ambulatory to perform treatment on their own.  Additionally, PCP directed 

vestibular rehabilitation does not always improve a patient’s symptoms if the cause of 

their dizziness is defined as a chronic state.  Rather, authors advise that for patients with 

chronic UVH, additional functional testing and treatment is warranted for improved fall 

prevention and quality of life (Yardley et al., 2008).  

 There are several critical components that contribute to the overall anatomy and 

physiology of the vestibular system. Disruption to the vestibular structures can occur and 

often results in common peripheral vestibular disorders, such as UVH, and results in 
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functional consequences that can impact an individual physically, financially, and 

psychologically. Specifically, postural instability poses difficulty in performing daily 

functions and sustaining quality of life (Jacobson & Newman, 1990). Current literature 

suggests that clinicians express difficulty diagnosing and treating adults with peripheral 

vestibular disorders, more so when the disease process creates chronic symptoms.  

Studies have shown that clinicians limit the number of patients referred for more 

objective and functional testing.  In a study by Saber-Tehrani and co-authors (2013), the 

vast majority of clinicians involved with the referral process for dizziness were open to 

the possibility of using clinical decision rules to help guide diagnostic testing and 

referrals.  

Physiological Vestibular Assessments 

 Objective vestibular testing is considered highly valuable in the diagnosis of 

vestibular disorders, such as they can essentially provide further insight on the site of 

lesion in which dysfunction may occur and the precise percentage of viable neural 

integrity following a vestibular insult.  Recall that in the physiology of UVH, there is 

significant asymmetrical neural firing and disruption in the VOR between both inner ears. 

Vestibular testing can determine severity of neural asymmetry and lateralize which nerve 

(left or right) is affected. Additionally, continued advances in vestibular assessment 

measures (e.g., rotational chair) provide further ability for the examiner to determine if 

the site of dysfunction is due to the inferior or superior portion of the nerve and the 

respective innervating balance organs. Rotational chair and caloric testing are most 

sensitive to detecting nerve damage done to the superior aspect of the nerve and infer 

strength of the horizontal semicircular canal. Comparatively, cervical vestibular evoked 
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myogenic potential (cVEMP) testing is most sensitive to identifying nerve damage done 

to the inferior portion of the nerve and makes inferences to the integrity of the otolith 

organs. Specific data regarding site of lesion and percentage of neural response are 

informative to clinicians who will determine differential diagnosis, treatment, and 

expectations for rehabilitation (Jacobson & Shepard, 2016).   

Functional Gait and Balance Assessments  
 
 Through the use of conventional gait assessments, clinicians have been able to 

 quantify a person’s risk of falling and determine functionality with presenting symptoms.  

Whitney, Hudak, & Marchetti, (2000) investigated the sensitivity and specificity of the 

Dynamic Gait Index (DGI) in identifying self-reported fallers among persons with 

vestibular dysfunction.  It was determined that the DGI results were helpful in identifying 

fall risk in persons with vestibular dysfunction (i.e., sensitivity 80% and specificity 56%). 

The DGI specifically has been used in vestibular clinics to determine outcome measures 

in gait and balance change after therapy, as well as pre-indications of a peripheral 

vestibular deficit (Hall & Herdman, 2006), and the DGI has a moderate inter-rater 

reliability in patients who have a diagnosed peripheral vestibular impairment.  Currently, 

there has been utility in using wireless accelerometers and gyroscopes as biomedical 

sensors to track gait and postural control in patients with vestibular impairment.  Studies 

have shown that the patient can wear accelerometer/gyroscope devices while he/she 

perform tasks such as the DGI.  Additionally, these studies discuss the potential to use 

neural networking algorithm to potentially predict vestibular pathologies based on 

postural instability patterns (Nukala et al., 2015).  
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Self-Reported Dizziness Assessments  

 Objective and functional measures do not always describe the impact patients 

with chronic dizziness perceive in their daily life.  Authors speculate that measures of 

impairment (e.g., balance testing) do not correlate significantly with measures of quality 

of life unless the loss of the peripheral vestibular involvement is profound and bilateral 

(Jacobson & Calder, 2000).  In fact, increased self-perception of dizziness and imbalance 

fosters self-imposed activity restriction caused by fear of falling and/or minimized 

functional independence (Collerton et al., 2012; Cheal & Clemson, 2001). Thereby, 

McCaslin and colleagues (2011) conclude that measures of vestibular impairment do not 

significantly correlate with self-perceived handicap scores from the Dizziness Handicap 

Inventory (DHI) and do not necessarily illustrate the need for further testing or 

rehabilitation in adults. Dizziness rating scales can be utilized to determine impact of 

symptoms in daily life.  For example, the DHI is a 25-item questionnaire developed to 

evaluate the self-perceived handicapping effects imposed by vestibular system disease. 

The DHI is a validated tool that has been used widely in several studies addressing the 

psychosocial effects of dizziness. Mean values for DHI scale scores have shown to 

increase significantly with increases in the frequency of dizziness episodes (Jacobson & 

Newman, 1990). Unfortunately, with reduced physical movement and increased fear of 

falling, older adults are more susceptible to future falls. This presents risk for escalating 

financial costs for both the patient and hospital care setting.  Criter and Honaker (2013) 

concluded that high fall risk adults seen in the audiology clinic are often predisposed to 

decreased quality of life.  The authors advocate the importance for dizzy patient to 

receive medical intervention in order to determine and functionality in daily living.  
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 The current literature provides further insight on dizziness diagnosis and 

treatment trends.  It has become apparent that clinicians working with dizzy patients are 

in some need of acquiring improved methods of screening their patients for vestibular 

disease and risk of decreased functionality. Thus, the purpose of this study is to better 

understand the effect of chronic unilateral vestibular hypofunction on dynamic walking 

tasks consistent with daily movements (e.g., walking with horizontal head movements). 

The objectives of the study were designed to further explore the effect of unilateral 

vestibular hypofunction in adults with chronic symptoms and assess self-perceived 

handicap effects imposed by their dizziness. It is believed that by assessing functional 

symptoms of patients with chronic vestibular symptoms, clinicians are taking improved 

strides to consider the effect dizziness plays in their patients’ quality of life.  
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CHAPTER III 
 

METHODOLOGY 
Study Subjects  
 
 Testing took place at the Texas Tech University Health Sciences Center Speech, 

Language, and Hearing Clinic. Subjects with balance or vestibular disorders were 

recruited from the clinic’s audiology population. The inclusion criteria for experimental 

subjects included diagnosis of unilateral vestibular hypofunction (UVH) with chronic 

symptoms, intact cognitive ability as defined by following simple directions (i.e., 

formalized cognitive testing was not performed; however, all subjects had to be able to 

follow three-step commands), ability to ambulate independently and without assistive 

device, and no history of lower extremity impairment/surgery in the previous six months.  

Additionally, all subjects were required to be between the ages of 18 and 89 years and 

independently provide consent.  Age-matched (+/- 2 years) control subjects were also 

recruited by means of the existing clinic population, as well as the Texas Tech University 

Health Sciences Center, Department of Otolaryngology clinic population. Subjects in the 

control group also met the inclusion criteria, except they had no diagnosis of UVH or 

denied history of dizziness/imbalance when interviewed by the research personnel.  

 An experienced audiologist (four years of vestibular assessment experience) 

determined the vestibular diagnosis based on clinically significant results from vestibular 

assessments.  A UVH was diagnosed when there was a statistically significant unilateral 

reduction of 20% or greater in the affected ear as dictated by caloric, cervical vestibular 

evoked myogenic potentials (cVEMP), and/or an increased phase lead on rotational chair 

at least at two frequencies tested (i.e., 0.01- 0.04 Hz). These indications are widely 
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accepted as classification for a UVH (Jacobson et al., 2011; Jacobson & Shepard, 2008).  

The audiologist also determined that the UVH was chronic by review of case intake.  

Specifically, subjects in the experimental group had to report ongoing complaints of 

dizziness or imbalance lasting three months or more and no previous history with at-

home or prescribed physical medicine rehabilitation for symptoms.  Individuals with 

abnormal ocular-motility testing or spontaneous nystagmus were not included in the 

analyses, as these results would suggest either a hyperactive vestibular system or 

symptoms that are not chronic but acute.  

 Twenty-five participants with diagnosed chronic UVH (18 female and 7 male; 

mean age= 50.8 years, SD= 18.5, range= 22-80) and twenty-five control participants (15 

female and 10 males; mean age= 51.2 years, SD=17.1, range= 21-78).  For the 

experimental group, the length of symptoms was variable and ranged from 3-60 months 

(M= 25.1, SD= 20.4). All participants signed an informed consent form approved by the 

Institutional Review Board at the Texas Tech University Health Sciences Center. 

Specific Aim 1 Methods: Characterization of postural stability 
 
 To characterize postural instability characteristics (as evaluated with GaitRITE 

outcome measures) in adults with chronic unilateral vestibular hypofunction (UVH) 

compared to healthy adults, the following methods were utilized. 

Instrumentation 
 
 Two forms of instrumentation were utilized in the present study. The Dynamic 

Gait Index (DGI) was administered to provide standardized walking conditions for each 

participant (see Appendix A for DGI scoring sheet and table 1 for list of conditions used 

in this study). The DGI consists of varied gait tasks that are commonly performed, 
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including walking, stepping, and head turning while ambulating. The DGI conditions 

used in this study were as follows (two trials each): 

1. Normal walking 

2. Change in ambulation time 

3. Walking with horizontal head turns 

4. Walking with vertical head turns 

5. Walk over object  

6. Walk around object  

 The DGI is a common clinical tool to measure gait performance in adults and is 

more recently used as an outcome measure in individuals with vestibular dysfunction 

(Whitney et al., 2000).  The seventh DGI condition task (pivot turning) was not 

performed due to the nature of the recording of the electronic walkway, which is further 

described below.  Marchetti and colleagues addressed that the DGI condition of pivot 

turning also had the greatest amount of variability among subjects and was deemed an 

unreliable measure when measured by the GaitRITE walkway (2008).  Additionally, only 

level gait items of the DGI were included in this study, thus the last task (i.e., climbing 

stairs) was not performed. The six walking tasks of the DGI were administered to all 

subjects on two successive trials in the same order (see table 1).  Marchetti et al., (2008) 

determined that a learning effect is not observed in administering the DGI in patients with 

pathology; however, it can make the patient more symptomatic.  As such, no more than 

two repetitions should be performed. Subjects performed the walking tasks in their 

preferred sport-walking footwear.  Research personnel administered the DGI.  The same 

individual administered the DGI instructions for all subjects tested.  A second study 
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personnel was used to walk beside the subject in the experimental group for safety 

purposes.  However, the person was careful to not lead the subject. Subjects were allowed 

to rest as needed.  All participants were cued to turn and stop at the same location during 

the DGI, and visual/audio distractions were minimized.  

 Subjects performed the walking items of the DGI on the second piece of 

instrumentation, the CIR Systems Inc. GaitRITE electronic walkway (Peekskill, NY).  

This equipment is traditionally used to measure temporal and spatial gait parameters 

derived from pressure-activated sensors that become activated from each footfall.  The 

GaitRITE is a 0.9 X 7 X 0.0032-m floor mat with 27,648 recording sensors embedded 

within the mat. The sampling rate was 80 Hz with an active recording area of 0.61 X 6.1-

m. Temporal and spatial gait parameter data from the electronic walkway were recorded 

on a Windows-based laboratory laptop computer. Floor markers were used to standardize 

command cue timing and obstacle placement for all tasks of the DGI.  

Experimental Protocol 
 
 All participants participated in one testing session composed of a functional 

balance assessment and a physiological vestibular assessment. Subjects in the 

experimental group received a functional balance assessment and a physiological 

vestibular assessment, while subjects in the control group only received the functional 

balance assessment. The subject was blinded to all final test results until the termination 

of the testing session.  The experimenter was aware of which group (control versus UVH) 

the subject was characterized as.   
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Functional and Physiological Assessment  

 For the functional assessment, the subject performed the DGI on the GaitRITE 

walk way. Walking was initiated three meters before the front of the walkway and was 

terminated three meters following the border of the walkway. Following the walking 

protocol, the experimental subject received a full vestibular evaluation. The physiological 

assessment included ocular-motility testing, rotational chair axis testing, bithermal 

caloric, positional, positioning, and cVEMPS.  

Data Processing and Statistical Analysis 

 Data obtained from the GaitRITE included ambulation time (s), cadence 

(steps/min), step length per foot (cm), stance time (cm) per foot, and percentage of the 

cycle spent in double support (%).  Studies have shown that subjects’ performance can 

change due to experience of symptoms with quick movement and could alter the results 

of the study. Therefore, researchers have recommended averaging the two trials for data 

analysis (Marchetti et al., 2008). All statistical computations were implemented with a 

commercial statistics software package (Statistical Package for the Social Sciences, 

version 21.1). Descriptive statistics were used to summarize results.  Differences in 

GaitRITE outcomes were analyzed using 2- way analysis of variance (ANOVA) with a 

between-group factor of group (control or UVH) and within-subject factor of DGI 

condition.  Statistical significance of p < 0.05 was set.  

Specific Aim 2 Methods: Self-perceived disability/handicap 

 To characterize self-perceived balance and dizziness disability/handicap (as 

evaluated with Dizziness Handicap Inventory score) in adults with chronic unilateral 

vestibular hypofunction compared to healthy adults, the following methods were utilized. 
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Instrumentation 

 There are several subjective measures that are commonly used to assess severity 

of disability/handicap in persons with vestibular disorders, including the Dizziness 

Handicap Inventory (DHI) (Jacobson & Newman, 1990). The DHI (see Appendix B) is a 

25-item, self-perceived disability/handicap scale designed to assess the effect that 

dizziness and unsteadiness have on quality of life (Jacobson & Newman, 1990).  Items 

comprising the DHI have been grouped into three categories that are designed to evaluate 

the effect that dizziness and unsteadiness have on emotional, functional, and physical 

aspects of daily living and activities. The 25 statements may be answered with either 

“yes” (scored as four points), “sometimes” (scored as two points), or “no” (scored as 0 

points) responses.  Accordingly, the minimum score is zero points (representing no self-

perceived disability/handicap) and the maximum score is 100 (representing maximum 

self-perceived handicap).   

Experimental Protocol 

 Testing took place at the Texas Tech University Health Sciences Center Speech, 

Language, and Hearing Clinic. All participants participated in one testing session.  Prior 

to the start of any formal functional or physiological testing, the subject completed the 

DHI in the clinic waiting room.  Following the completion of the DHI, the subject 

completed the functional balance assessment that included methods from specific aim 

one. The subject was blinded to all DHI results until the termination of the testing 

session.  
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Statistical Analysis 
 
 All statistical computations were implemented with a commercial statistics 

software package (GraphPad Prism Software, Inc.). Descriptive statistics were used to 

characterize DHI results for each group.  A non-parametric Wilcoxon Signed Ranks Test 

was conducted to determine whether DHI total scores differed as a function of subject 

groups. A Spearman’s rank correlation with Holm alpha-correction was performed to 

determine relationship between DHI scores and GaitRITE outcomes (e.g., ambulation 

time, cadence, etc.) and severity of vestibular impairment (as measured by percentage of 

asymmetry derived from caloric, rotational, and cVEMP evaluations). Statistical 

significance of p < 0.05 was set.  Data was also analyzed for covariance of dependent 

variables of age and gender; however, no statistical significance was observed for either 

variable. 
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Table 1. Dynamic Gait Index (DGI) Conditions  

 
DGI 

Condition 

 
Walking Task Description  

1 Normal Walk 
  
2 Changing Speeds 
  

3 Walking with Horizontal Head Turns 
  
4 Walking with Vertical Head Turns 
  
5 Walking Over Object 
  
6 Walking Around Object 
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CHAPTER IV 
 

RESULTS 
 

Specific Aim 1 Results: Characterization of postural stability 

Descriptive Statistics 

 Examining the two groups’ data revealed that the mean of the control group was 

lower than the UVH group for ambulation time, cadence, and step length of the right foot, 

and step length of the left foot for all DGI conditions. The mean of the control group was 

lower than the UVH group for stance time and percentage of the gait cycle spent in 

double support for all DGI conditions (see tables 2.1 - 2.6 for descriptive data per DGI 

condition).  Consistent differences were noted between control and experimental group 

for all GaitRITE outcomes per each DGI condition. Slightly larger differences were noted 

for DGI conditions three (walking with horizontal head turns), four (walking with vertical 

head turns), five (walk over object) and six (walk around object) for step length. 

Assumptions of variability between groups were met; the standard deviations, ranges, and 

interquartile ranges for the two groups were not statistically significant based on 

Levene’s and Brown & Forsythe’s variance homogeneity tests.  Tests of standard error 

and kurtosis were between +2 and -2, consistent with normally distributed data.  

D’Agostino and Lilliefor’s tests of normality were performed and also indicated normal 

distribution for all DGI conditions between control and UVH data.   

Main Effect and Interactions for ANOVA 

 A mixed 2 X 6 analysis of variance (ANOVA) was conducted to determine the 

effect of group and condition on GaitRITE outcome. The independent variables were 

group (control subject and UVH subjects) and DGI condition (six levels).  The dependent 
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variables were the GaitRITE outcomes (i.e., ambulation time, cadence, step length, stance 

time, and percentage of gait spent in double support).  The within-subject factor was DGI 

condition and the between-subject factor was group (control or UVH).  Prior to 

conducting the ANOVA, a Pearson’s moment-product correlational analysis was 

performed between the GaitRITE outcomes to test the assumption of multicollinearity 

among dependent variables.  Specific GaitRITE outcomes (i.e., step length for left and 

right foot) were strongly correlated to one another, indicating that multivariate analysis 

would not be appropriate (Kinner & Gray, 2009) if one is using this assumption as a 

criterion.  

Main Effects  

 Results of the 2 X 6 ANOVA revealed a significant main effect for group and 

each GaitRITE outcome: ambulation time F(1, 288)=78.0, p < 0.0001, cadence 

 F(1, 288)= 441.0, p < 0.0001, step length of the left foot F(1, 288)= 231.1, p < 0.0001, 

step length of the right foot F(1, 288)= 244.0, p < 0.0001, stance time F(1, 288)= 219.2,  

p = 0.002, and percentage of gait spent in double support F(1, 288)=276.0, p < 0.0001.  

These results suggested that the presence of unilateral vestibular hypofunction in subjects 

had an effect on their postural stability performance (as measured by ambulation time, 

cadence, step length, stance time, and double support).  Overall mean differences were 

noted between groups for all six DGI conditions (see figures 1-3) for specific GaitRITE 

outcome mean differences.  There was no significant main effect for conditions on all 

GaitRITE outcomes. This suggests that subjects’ gait performance significantly differed 

regardless of what walking task he/she completed. No interactions were noted.  
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Specific Aim 2 Results: Self-perceived disability/handicap 

Descriptive Statistics 

 Examining the two groups’ data revealed that the mean DHI total scores in the 

control group (M=0.40, SD=0.5, range=0-2) were lower than the UVH group (M=56.00, 

SD=17.5, range=24-84).  However tests of normality and homogeneity between the two 

groups did not pass significance; scores in both groups were highly skewed and did not 

reflect normal distribution. Therefore, non-parametric testing for t-test and correlations 

were utilized for further analysis.  

Non-Parametric Testing 

 Nonparametric Wilcox Signed Rank Test was performed to compare DHI total 

scores between control and UVH groups.  A significant difference in total DHI scores 

between control and UVH subjects (W= -350.0, p < 0.0001) was observed. There was no 

significant difference between subscores within each group.  

Spearman’s Rank Correlation  

 A Spearman’s rank correlation with Holm alpha correct was conducted to 

determine the relationship between GaitRITE data outcomes (ambulation time, cadence, 

step length, stance time, and percentage of gait spent in double support) and DHI total 

score in each condition for the UVH group.  In condition one, “normal walk,” DHI scores 

were not significantly correlated with any of the GaitRITE outcomes.  Similar results 

were also found for condition two, “changing speeds,” condition five, “walking over 

object,” and condition six, “walking around objects.”  However a significant positive 

correlation was noted in condition three, “walking with horizontal head turns,” between 

DHI scores and GaitRITE outcomes of ambulation time (rs = 0.45, p = 0.03), stance time, 
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(rs = 0.62, p < 0.001), and percentage of time spend in double support (rs = 0.48, p = 

0.02).  A significant negative correlation was observed between cadence (rs = - 0.54, p= 

0.006), step length left (rs = - 0.70, p < 0.0001), step length right (rs = - 0.80, p <0.0001), 

and DHI scores (see figures 4-9).  Similarly, a significant positive correlation was noted 

for condition four, “walking with vertical head turns” for GaitRITE outcomes, including 

ambulation time (rs = 0.70, p = 0.0001), stance time (rs = 0.67, p = 0.0003), and 

percentage of gait spent in double support (rs = 0.40, p = 0.04). A significant negative 

correlation was seen between cadence (rs = -0.50, p = 0.01), step length left (rs = - 0.70, p 

< 0.0001), step length right (rs = - 0.67, p = 0.0003) and DHI scores in the UVH group 

(see figures 10-15).  

 Spearman’s rank test was also performed to determine the relationship between 

DHI total scores and percentage of UVH asymmetry for each vestibular measurement 

(caloric, cVEMP, and rotational chair) in the UVH group.  Results revealed a significant 

positive relationship between cVEMP (rs = 0.66, p = 0.0003) and increased DHI total 

scores. A positive relationship was also indicated between rotational chair and DHI total 

scores (rs = 0.42, p = 0.04) (see figures 16 and 17).  However, no significant correlation 

observed between caloric testing and DHI scores (rs = 0.32, p = 0.08) in the UVH group 

(refer to figure 18).  
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Table 2.1. Descriptive Statistics for DGI Condition 1: Normal Walk 
 

GaitRITE Outcome 
 

N 
 

Mean 
 

SD 
 

Min 
 

Max 

Control Ambulation Time (s) 25 3.31 0.62 2.31 4.51 
UVH Ambulation Time (s) 25 4.10 0.73 2.63 5.40 

      
Control Cadence (steps/min) 25 119.81 3.81 100.81 114.10 
UVH Cadence (steps/min) 25 107.13 3.78 112.13 127.11 

      
Control Step Length L (cm) 25 69.62 5.03 59.54 76.20 
UVH Step Length L (cm) 25 61.81 3.92 55.90 69.31 

      
Control Step Length R (cm) 25 69.80 5.01 59.50 76.42 
UVH Step Length R (cm) 25 61.62 4.31 55.61 68.40 

      
Control Stance Time (s) 25 0.74 0.03 0.60 0.71 
UVH Stance Time (s) 25 0.82 0.05 0.65 0.80 

      
Control Double Support (%) 25 24.01 2.51 18.20 30.41 
UVH Double Support (%) 25 28.71 2.04 24.30 34.42 
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Table 2.2. Descriptive Statistics for DGI Condition 2: Changing Speeds 
 

GaitRITE Outcome 
 

N 
 

Mean 
 

SD 
 

Min 
 

Max 

Control Ambulation time (s) 25 3.22 0.62 2.33 4.50 
UVH Ambulation time (s) 25 4.04 0.70 2.84 5.22 

      
Control Cadence (steps/min) 25 120.1 4.64 111.5 129.71 
UVH Cadence (steps/min) 25 108.2 4.92 100.4 117.34 

      
Control Step Length L (cm) 25 68.62 5.01 58.6 75.20 
UVH Step Length L (cm) 25 62.60 3.92 56.3 70.31 

      
Control Step Length R (cm) 25 69.91 5.02 59.5 76.42 
UVH Step Length R (cm) 25 61.74 4.33 55.6 68.40 

      
Control Stance Time (s) 25 0.65 0.04 0.57 0.71 
UVH Stance Time (s) 25 0.71 0.05 0.61 0.78 

      
Control Double Support (%) 25 25.2 1.81 22.2 27.92 
UVH Double Support (%) 25 28.7 2.32 24.5 32.61 
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Table 2.3. Descriptive Statistics for DGI Condition 3: Horizontal Head Turns 

 
GaitRITE Outcome 

 
N 

 
Mean 

 
SD 

 
Min 

 
Max 

Control Ambulation time (s) 25 3.63 0.71 2.6 4.9 

UVH Ambulation time (s) 25 4.21 0.63 3.2 5.4 
      

Control Cadence (steps/min) 25 117.7 4.91 108.31 125.4 
UVH Cadence (steps/min) 25 106.9 6.20 97.50 118.0 

      
Control Step Length L (cm) 25 67.3 4.72 57.92 76.20 
UVH Step Length L (cm) 25 57.9 5.44 48.82 67.00 

      
Control Step Length R (cm) 25 67.3 4.51 58.10 74.93 
UVH Step Length R (cm) 25 57.8 5.23 49.00 68.71 

      
Control Stance Time (s) 25 0.67 0.05 0.55 0.78 
UVH Stance Time (s) 25 0.77 0.07 0.61 0.86 

      
Control Double Support (%) 25 24.87 2.27 21.67 30.40 
UVH Double Support (%) 25 29.01 2.24 25.20 32.20 
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Table 2.4. Descriptive Statistics for DGI Condition 4: Vertical Head Turns 
 

GaitRITE Outcome 
 

N 
 

Mean 
 

SD 
 

Min 
 

Max 

Control Ambulation time (s) 25 3.53 0.71 2.58 4.85 

UVH Ambulation time (s) 25 4.14 0.63 3.20 5.34 
      

Control Cadence (steps/min) 25 119.4 5.33 109.3 132.10 
UVH Cadence (steps/min) 25 107.9 6.08 99.50 119.00 

      
Control Step Length L (cm) 25 67.57 5.09 57.91 77.30 
UVH Step Length L (cm) 25 57.96 5.45 48.85 67.08 

      
Control Step Length R (cm) 25 67.35 4.50 58.15 74.50 
UVH Step Length R (cm) 25 57.82 5.23 49.02 68.67 

      
Control Stance Time (s) 25 0.66 0.05 0.55 0.81 
UVH Stance Time (s) 25 0.75 0.07 0.61 0.86 

      
Control Double Support (%) 25 24.65 2.29 21.60 30.30 
UVH Double Support (%) 25 28.77 2.23 24.90 32.00 
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Table 2.5. Descriptive Statistics for DGI Condition 5: Walk Over Object 
 

GaitRITE Outcome 
 

N 
 

Mean 
 

SD 
 

Min 
 

Max 

Control Ambulation time (s) 25 3.30 0.62 2.32 4.56 

UVH Ambulation time (s) 25 4.10 0.73 2.61 5.37 
      

Control Cadence (steps/min) 25 120.0 3.90 112.10 126.10 
UVH Cadence (steps/min) 25 107.2 3.98 101.50 115.10 

      
Control Step Length L (cm) 25 69.58 5.01 59.55 76.19 
UVH Step Length L (cm) 25 61.71 3.81 56.00 69.33 

      
Control Step Length R (cm) 25 69.85 5.08 59.52 76.38 
UVH Step Length R (cm) 25 61.60 4.22 55.56 68.42 

      
Control Stance Time (s) 25 0.65 0.03 0.66 0.71 
UVH Stance Time (s) 25 0.76 0.05 0.65 0.87 

      
Control Double Support (%) 25 23.85 2.07 18.90 26.80 
UVH Double Support (%) 25 28.57 1.99 23.70 33.70 
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Table 2.6. Descriptive Statistics for DGI Condition 6: Walk Around Object 
 

GaitRITE Outcome 
 

N 
 

Mean 
 

SD 
 

Min 
 

Max 

Control Ambulation time (s) 25 3.55 0.71 2.58 4.83 

UVH Ambulation time (s) 25 4.15 0.62 3.19 5.24 
      
Control Cadence (steps/min) 25 117.9 4.86 110.30 126.20 
UVH Cadence (steps/min) 25 107.3 6.21 97.48 118.50 
      
Control Step Length L (cm) 25 67.28 4.72 57.89 76.19 
UVH Step Length L (cm) 25 56.96 5.44 47.85 66.34 
      
Control Step Length R (cm) 25 67.34 4.53 58.13 74.98 
UVH Step Length R (cm) 25 56.86 5.23 48.69 67.68 
      
Control Stance Time (s) 25 0.67 0.05 0.55 0.78 
UVH Stance Time (s) 25 0.77 0.07 0.61 0.86 
      
Control Double Support (%) 25 24.87 2.28 21.67 30.40 
UVH Double Support (%) 25 29.01 2.24 25.20 32.20 
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Figure 1. Mean ambulation time per Dynamic Gait Index condition for control and UVH 
group. Bars represent standard deviation. *= Significance at p < 0.05.  
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Figure 2. Mean cadence per Dynamic Gait Index condition for control and UVH group. 
Bars represent standard deviation. *= Significance at p < 0.05.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0	  

20	  

40	  

60	  

80	  

100	  

120	  

140	  

1	   2	   3	   4	   5	   6	  

St
ep

s/
s	  

DGI	  Condi0on	  	  

Mean	  Cadence	  (steps/s)	  

Control	  

UVH	  

*=	  p	  <	  0.05	  
	  

*	  
*
	  

*
	  

*	  
	  

*
	  

*
	  



Texas Tech University Health Sciences Center, Amanda I. Rodriguez, May 2016  

  57 

 
 

Figure 3. Mean stance time per Dynamic Gait Index condition for control and UVH 
group. Bars represent standard deviation. *= Significance at p < 0.05.  
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Figure 4. Dynamic Gait Index Condition 3: Significant moderate positive correlation 
between Dizziness Handicap Inventory score and ambulation time in UVH group  
(rs = 0.45, p= 0.03). - - - = 95 % confidence interval.  
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Figure 5. Dynamic Gait Index Condition 3: Significant strong positive correlation 
between Dizziness Handicap Inventory score and stance time in UVH group  
(rs =0.62, p= 0.0003). - - - = 95 % confidence interval.  
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Figure 6. Dynamic Gait Index Condition 3: Significant moderate positive correlation 
between Dizziness Handicap Inventory score and percentage of time spent in double 
support for the UVH group (rs =0.48, p= 0.02). - - - = 95 % confidence interval.  
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Figure 7. Dynamic Gait Index Condition 3: Significant moderate negative correlation 
between Dizziness Handicap Inventory score and cadence in UVH group  
(rs = -0.54, p= 0.006). - - - = 95 % confidence interval.  
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Figure 8. Dynamic Gait Index Condition 3: Significant strong negative correlation 
between Dizziness Handicap Inventory score and left foot step length in UVH group  
(rs = -.70, p < 0.0001). - - - = 95 % confidence interval.  
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Figure 9. Dynamic Gait Index Condition 3: Significant strong negative correlation 
between Dizziness Handicap Inventory score and right foot step length in UVH group  
(rs = -.80, p < 0.0001). - - - = 95 % confidence interval.  
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Figure 10. Dynamic Gait Index Condition 4: Significant strong positive correlation 
between Dizziness Handicap Inventory score and ambulation time for the UVH group  
(rs = 0.70, p = 0.0001). - - - = 95 % confidence interval.  
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Figure 11. Dynamic Gait Index Condition 4: Significant strong positive correlation 
between Dizziness Handicap Inventory score and stance time for the UVH group  
(rs = 0.67, p = 0.0003). - - - = 95 % confidence interval.  
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Figure 12. Dynamic Gait Index Condition 4: Significant moderate positive correlation 
between Dizziness Handicap Inventory score and percentage of time spent in double 
support for the UVH group (rs = 0.40, p = 0.04). - - -  = 95 % confidence interval.  
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Figure 13. Dynamic Gait Index Condition 4: Significant moderate negative correlation 
between Dizziness Handicap Inventory score and cadence for the UVH group 
 (rs = -0.50, p = 0.01). - - -  = 95 % confidence interval.  
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Figure 14. Dynamic Gait Index Condition 4: Significant strong negative correlation 
between Dizziness Handicap Inventory score and left foot step length for the UVH group  
(rs = -0.70, p < 0.0001). - - - = 95 % confidence interval.  
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Figure 15. Dynamic Gait Index Condition 4: Significant strong negative correlation 
between Dizziness Handicap Inventory score and right foot step length for the UVH 
group (rs = - 0.67, p = 0.0003). - - - = 95 % confidence interval.  

 
 
 
 
 
 

0 20 40 60 80 100
45

50

55

60

65

70

Correlation of DHI and Step Length R Foot

DHI 

 

St
ep

 Le
ng

th 
R 

(cm
) 



Texas Tech University Health Sciences Center, Amanda I. Rodriguez, May 2016  

  70 

 
 
Figure 16. A significant moderate positive correlation between Dizziness Handicap 
Inventory scores and percentage of rotational chair asymmetry in UVH group  
(rs = 0.42, p = 0.04). - - -  = 95 % confidence interval.  
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Figure 17. A significant strong positive correlation between Dizziness Handicap 
Inventory scores and percentage of cVEMP asymmetry in UVH group  
(rs = 0.66, p = 0.0003). - - -  = 95 % confidence interval.  
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Figure 18. No significant correlation between Dizziness Handicap Inventory scores and 
percentage of caloric asymmetry in UVH group, rs = 0.32, p = 0.08. - - -  = 95 % 
confidence interval.  
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CHAPTER V 
 

DISCUSSION 
 

Specific Aim 1 Discussion: Characterization of postural stability 

GaitRITE Outcomes 

 The primary goal of the first aim in the study was to describe the underlying 

postural stability differences demonstrated by individuals with chronic unilateral 

vestibular hypofunction (UVH) during performance of complex walking tasks 

represented on the Dynamic Gait Index (DGI).   The hypothesis that chronic UVH would 

negatively influence postural stability as measured by GaitRITE outcomes was supported 

by the observed significant differences between groups. The results revealed that adults 

with UVH took longer to ambulate (i.e., ambulation time) in each walking task in 

comparison to healthy control adults. As a consequence, adults with UVH took fewer 

(i.e., cadence) and shorter steps (i.e., step length) during recording of the task.  Subjects 

with UVH also spent more time during their gait cycle standing (i.e., stance time) versus 

ambulating and also spent more time with both feet on the ground (i.e., double support) 

when compared to their healthy control subjects.  

 Individuals with peripheral vestibular disorders frequently demonstrate postural 

instability and are at a higher risk of fall than adults without vestibular dysfunction 

(Herdman, Blatt, Schubert, & Tusa, 2000).  Due to the effects of neural compensation, 

static postural control of the trunk has been shown to improve rapidly after a vestibular 

insult, however dynamic gait tasks (e.g., walking with head and upper trunk movement or 

complex movements) continue to be abnormal at three months compared to their healthy 

counterparts (Allum & Adkin, 2003).  As discussed in the following sections, several 
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possibilities exist for why significant differences in postural stability characteristics were 

observed between the two studied groups in this investigation.   

Increased Ambulation Time 

 Primarily, increased ambulation time was previously reported in subjects with 

balance disorders.  Allum and Adkin (2003) have suggested that subjects with balance or 

vestibular disorders perform gait tasks slower than control subjects so that they have 

better control of their trunk and neck musculature, with a “stiffening” response that helps 

decrease trunk sway.  Attempting to decrease upper trunk sway is evident in patients 

while walking with head movements and is often referred to clinically as “en-bloc” 

turning (Jacobson & Shepard, 2008).  Essentially, patients with balance and vestibular 

disorders develop a fixed-trunk strategy where the head and trunk move as a single unit, 

in efforts to maintain upright posture (Jacobson & Shepard, 2016).   

Decreased Cadence and Step Length 

 With a stiffed gait response during ambulation and prolonged time to complete 

the walking task, an individual with vestibular disorder is commonly expected to take 

fewer steps per minute (i.e., cadence).  Krebs and colleagues (1993) also reported that 

subjects with balance and vestibular disorders have difficulty walking at faster speeds 

than their preferred walking speed and often compromise their overall stride.  When those 

subjects were asked to walk at 120 steps per min, their interfoot distance increased, 

possibly in an attempt to increase their stability while walking faster. In essence, adults 

with vestibular disorders tend to ambulate cautiously and make shorter steps in an effort 

to maintain a broader base of support with less time in mid-swing (i.e., only one foot with 

ground contact).  
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Increased Double Support  

 A healthy adult is able to maintain stability and balance with assistance of the 

position of both feet and somatosensory input.  Having both feet on the ground and on a 

firm surface increases the center base of support in comparison to only having one foot 

touching the ground.  The person then has sufficient proprioceptive information and an 

intact base of support for stability in the event that a perturbation were to occur. Related 

to this, a person’s center of mass is aligned over his/her base of support and will assist in 

providing limits of sway during standing or walking (Jacobson & Shepard, 2016).  

 However, Callisaya, Blizzard, Schmidt, McGinley, and Srikanth (2010) have 

suggested those with poor balance tend to over compensate for deviations in center of 

mass by relying on a wider stance and spending more time with both feet in contact with 

the ground (i.e., double support phase) as a way of re-stabilizing. The double support 

phase comes with the added benefit of having input from proprioceptors and 

mechanoreceptors of both feet, and it is known that patients with vestibular loss 

compensate for this loss by relying on remaining sensory input (Horak, 2010). Patients 

with vestibular loss will use the ankle strategy but not the hip strategy (as seen in healthy 

controls), even when the hip strategy is required for postural stability, such as when 

standing on one foot or in a heel-toe stance (Horak, Nasher, & Diener, 1990). Vestibular 

deficits may sometimes result in abnormally coordinated postural movement strategies 

that would give rise to excessive hip sway and result in disrupted gait characteristics 

(Schupert, Horak, & Black, 1994).  
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DGI Conditions 

 While there was no significant differences noted for specific walking conditions 

on the DGI in this study, the results do signify that dynamic walking tasks are important 

to evaluate in dizzy patients.  The DGI as a tool involves various head movements that 

can elicit patient symptoms. Previous research has found that walking while performing 

horizontal head motions, as performed in the present study, appeared to be a difficult task 

for people with vestibular and balance disorders (Whitney et al., 2000). Patients with 

peripheral vestibular lesion also employ compensatory strategies that involve decreasing 

their trunk and neck rotations in an effort to improve stability. Some may even stop 

ambulating in general before actually making a head turn (Herdman & Clendaniel, 2007).  

It is supported that adults with functionally uncompensated UVH will still have 

difficulties with gaze stabilization during dynamic tasks (i.e., changing speeds, head 

movements, walking around objects) because by nature the VOR is being activated, yet, 

it is disrupted as a consequence of the initial unilateral vestibular insult.   

 Thereby, a patient with unilateral vestibular loss will perceive a disrupted visual 

perception while walking with and without head movements and typically limit head 

movement that is independent of the rest of the body.  This atypical behavior can have 

implications on postural stability in comparison to his/her healthy counterpart.  Physical 

consequences of limiting head movements during walking or turning can lead to 

secondary musculoskeletal impairments including muscle tension, fatigue, and pain in the 

cervical region. Patients may also use excessive visual fixation and therefore have 

increased difficulty if asked to look up (Herdman & Clendaniel, 2007).  Thus, there is 

clinical importance of evaluating dynamic walking conditions.  Studies suggest that 
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patients are less likely to demonstrate postural difficulties with non-dynamic tasks such 

as the Fukuda test, which is commonly used by PCPs (Honaker, Boismen, & Shepard, 

2009).  Comparatively, clinicians at a minimum have their patients perform conditions 

three and four of the DGI in office to determine if further referral would be warranted.  

Specific Aim 2 Discussion: Self-perceived disability/handicap 

Dizziness Handicap Inventory 

 The goal of the second aim in the study was to describe the relationship of self-

reported dizziness disability/handicap scores, as measured by the Dizziness Handicap 

Inventory (DHI) and postural stability characteristics (GaitRITE outcomes) in adults with 

chronic unilateral vestibular hypofunction (UVH).  The hypothesis that postural stability 

outcomes had a significant relationship to increased DHI scores was supported by the 

observed positive correlations between increased ambulation time, double support time, 

and stance time.  Other correlations showed a decreased cadence and decreased step 

length with increased DHI scores. However, results revealed that this was only noted for 

conditions three and four of the Dynamic Gait Index (DGI).  Thus, it appears that 

difficulty with specific walking tasks (i.e., walking with horizontal and vertical head 

movements) potentially increases with amount of handicap a person with dizziness 

perceives.  Additionally, it was speculated that DHI scores were correlated with severity 

of UVH asymmetry, as measured by vestibular assessment outcomes (caloric testing, 

cVEMP, and rotational chair).  Results from this portion of specific aim 2 revealed that 

there is, in fact, a correlation between DHI scores and severity. However, not all 

vestibular tests have a significant relationship to increased self-perceived dizziness 

handicap scores.  
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DHI Relationship to DGI Conditions 

 Condition three and four of the DGI include ambulating while moving the head 

horizontally and vertically, respectively.  As previously stated in the results and 

discussion for specific aim one, there was a significant difference between all GaitRITE 

outcomes per DGI condition between the UVH and control group when comparing 

performance on the DGI.  However, there was also observed significant correlations 

between all GaitRITE outcomes and DGI conditions three and four.  It was observed that 

as DHI score increased there was a positive relationship to the percentage of time the 

person spent ambulating, number of steps he/she took, and time spent in double support 

and stance.  Additionally, as DHI scores increased there was relationship between 

decreased number of steps taken and length of each step that each UVH subject took. 

There was also noted stronger correlations were seen for gait parameters of stance time 

and step length (left and right foot) and DHI scores in UVH subjects compared to the 

other GaitRITE outcomes.  

  One of the main reasons that could explain why conditions three and four of the 

DGI were most related to DHI scores is likely due to the fact that the DHI is a subjective 

assessment that addresses functional living with dizziness symptoms and asks specific 

questions to dynamic head/trunk movement.  Questions on the DHI also discuss specific 

situations that make an individual dizzy (e.g., Does looking up increase your problem or 

does walking down a supermarket aisle increase your problem?).  On average, the middle 

age adult spends an average of 12.6 hours each day performing activities of daily living, 

which include activities such as sports/recreational, household, care-taking, and 

occupational activities (Jacobson & Shepard, 2016).  All of these actions require dynamic 
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head and upper trunk movement and have a direct relationship to postural stability 

characteristics such as increased ambulation time, decreased cadence, increase in upper 

trunk sway, and/or increased double support time.   

 Studies by McCaslin et al. (2011) have been performed to illustrate the effect of 

UVH on static postural control tasks. During posturography tasks, patient with UVH 

affecting predominately the inferior portion of the nerve will have higher sway index 

compared to healthy controls.  However, in their report, DHI scores did not correlate to 

the posturography task. A reasonable explanation for these findings is that patients with 

UVH are most sensitive to head movement during daily activities. Often static standing 

will not yield significant perception of handicap unless visual or somatosensory elements 

are removed from the person’s surrounding.  Often, patients with UVH avoid situations 

in which they are unsteady due to limited visual or proprioceptive cues (Jacobson & 

Shepard, 2016) and would have less experience describing their symptoms during those 

instances.  Thereby, a significant correlation between static standing tasks is not be 

expected to be related to a functional assessment of dynamic movements, such as the 

DHI, as compared to a task involving ambulation.  Rossi-Izquierdo et al. (2015) echoed 

similar findings in elderly patients with instability.  It was observed that there was no 

significant correlation between the DHI and the static balance assessment (standing or 

walking without head movements). However, a greater correlation was determined with 

the DHI and dynamic walking activities, suggesting that challenging dynamic tasks can 

be perceived as more disabling compared to static tasks.  The authors concluded that 

when designing a rehabilitation protocol the focus should be more on dynamic activities, 

such as gait, rather than static postural control activities.  
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 Studies have illustrated that in general, the ability to remain physically active and 

independent has an effect on decreased levels of anxiety, depression, and perceived 

handicap in the elderly (Honaker & Kretschmer, 2014).  It is plausible that gait 

parameters of stance time and step length had a stronger relationship to DHI scores 

because time spent standing or inability to move quickly has a negative perception on 

quality of life with dizziness (Jacobson & Shepard, 2016).  Investigations specific to 

dizziness and balance have also discussed that in adults with dizziness, a greater fear of 

falling and perceived handicap is experienced when they can no longer participate in the 

activities that once gave them functional independence such as running or walking 

without needing to stop to maintain equilibrium (Criter & Honaker, 2013).  Guralnik et 

al. (2000) also concluded that the slower an adult ambulates, the more difficult daily 

actions (e.g., walking in a busy supermarket aisle) become for patients with dizziness.  As 

such, increasing their own awareness of their functional symptoms can have an influence 

on self-reported dizziness handicap scores.  

DHI relationship to percentage of vestibular asymmetry  

 Previous studies have highlighted the physiological and functional effects and 

self-perceived /disability handicap that patients with profound bilateral vestibular 

hypofunction exhibit (Jacobson & Calder, 2000).  However, minimal information has 

revealed the disability individuals with chronic UVH encounter.  Results from this 

investigation revealed that there was a significant correlation between the percentage of 

asymmetry in UVH patients, specifically for rotational chair and cVEMP findings, and 

their respective DHI scores.  These results differ from previous studies that supported that 

DHI scores do not have a relationship with vestibular outcome measures (e.g., rotational 
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chair, caloric, etc.) unless the physical vestibular loss is profound and bilateral (Piker, 

McCaslin, Jacobson, et al., 2010).  A plausible reason for the difference observed in the 

current study findings is that the subject inclusion criteria focused on individuals with 

chronic symptoms (three or more months of dizziness) and a vestibular diagnosis of 

UVH, whereas previous investigations did not control for length of symptoms or 

peripheral vestibular pathology.  For example, previous investigations included patients 

with Meniere’s disease, bilateral hypofunction, and few UVH in their study sample.   

 It is well documented that the functional and physical manifestations in patients 

with Meniere’s disease compared to UVH are distinctly different, mainly due to the 

nature of the disease process.  For example, an individual with Meniere’s disease will 

suffer from abnormal overproduction of endolymph, which will inevitably create a 

hyperactive system with increased neural firing. Comparatively, an individual with UVH 

will have a hypoactive nerve compared to the other inner ear.  Functionally, these two 

individuals will present with different symptoms, vestibular exam results, and functional 

performance; patients with Meniere’s disease often report significant and debilitating 

symptoms compared to most peripheral vestibular etiologies (Jacobson & Shepard, 

2008). Thus, varying symptoms and vestibular diagnoses in a study sample restrict the 

investigator’s ability to generalize dizziness handicap data to other populations of 

vestibular patients.   

  A significant relationship was identified between increased DHI scores and 

increased cVEMP and rotational chair asymmetry.  The current study did not find a 

significant relationship to asymmetry derived from caloric testing.  A plausible 

explanation for these findings is that rotational chair is a much more sensitive measure of 
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the vestibular-ocular-reflex (VOR) in comparison to slower velocity caloric testing in 

detecting UVH, due to its ability to resemble more realistic head motions.  Often 

individuals who have clinically significant rotational chair results are those who have 

more difficulty functioning at faster speeds than they do with slower head movements. 

The average speed of head movement (0.02-0.04 Hz) is relatively fast and often causes an 

issue for patient with dizziness.  Individuals with peripheral vestibular involvement will 

develop compensatory strategies of moving their head at slower pace to prevent 

symptoms (Furman & Cass, 2003).  Thus, it is plausible that higher asymmetries reported 

by rotational chair will have a greater relationship to higher DHI scores because those 

patients are mostly challenged by faster and dynamic activities typical of every day 

situations, which are depicted on the DHI.   

 The results also revealed correlation between higher DHI scores and higher 

percentage of cVEMP asymmetries.  One explanation for these findings can be related to 

the physiological nature of the cVEMP response.  It is strongly supported that the 

cVEMP response infers saccule and vestibular-spinal reflex (VSR) integrity.  Recall that 

the role of the saccule and the VSR is to provide the brain with information regarding 

linear translational movement (e.g., vertical motions and acceleration) and postural 

control in conjunction with the head and trunk.  Higher percentage of UVH asymmetry 

from cVEMP response can then relate to more difficulty with motions such as bending 

over, looking up, and overall postural control while walking.  The DHI was designed to 

specifically ask about these dynamic movements, as they are essential to successfully 

perform everyday activities (e.g., ambulating, bathing, dressing ones self, etc.).  Lastly, a 

few studies have revealed that a higher number of individuals with cVEMP and rotational 
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chair asymmetries are in the younger adult population, where the initial insult was 

congenital or acquired (e.g., post-concussion).  Given that the mean age of the present 

study sample was 53.6 years of age, it is speculated that younger to middle aged adults, 

who are assumed to be more active compared to the elderly, would perceive more of a 

dizziness and balance handicap because they cannot perform the dynamic and complex 

tasks (as represented by the DHI) they once could before their vestibular insult. Thus, it is 

imperative to address the functional implications in the younger adult population who 

express dizziness.   

 Lastly, the identification that asymmetries detected by rotational chair and 

cVEMP assessments have a stronger relationship to increased DHI scores is relevant to 

many practicing audiologists who perform vestibular testing.  While caloric testing does 

provide utility in several aspects, this study supports the notion that audiologists should 

consider the benefit of performing cVEMP and rotational chair testing in order to assess 

all aspects of the eighth cranial nerve (VIII CV) and obtain a potential basis for what the 

patient’s functional status may be.   

 While there is conflicting evidence to support that DHI scores, do in fact, 

correlate to severity of vestibular impairment, Stabb (2012) reported that individuals with 

chronic peripheral vestibular dizziness have a functional disability that is often 

overlooked by physicians due to lack of classic and aggressive physical vestibular 

symptoms (e.g., spontaneous nystagmus) on vestibular and neurological bedside exams 

(Stabb et al., 2012).  Jacobson et al. (2014) also contributed that health care professionals 

and patients have two different views on overall health.  Specific to dizziness, healthcare 

professionals may be in agreement with the patient in appreciating the physical 
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manifestations of dizziness and vertigo.  However, they may have discordant perceptions 

of the impact of dizziness and vertigo on the psychosocial aspects (autonomic system 

arousal and anxiety).  It is speculated that many clinicians rely on vertigo case history and 

patient a description of the characteristics of vertigo symptoms (e.g., duration, 

precipitating factors, associated symptoms) as differential diagnosis and often disregard 

the asking questions specific to quality of life and functional performance.  

 Often, fear or anxiety associated with a patient’s chronic dizziness also 

predisposes them to decreased physical activity, quality of life, and exacerbated 

symptoms, which are cumbersome for clinicians to treat.  It is reasonable to assume that 

the correlation between increased percentage of asymmetry and increased DHI score is 

related to the fact that patients with chronic dizziness do present with higher DHI scores 

because of functional difficulties performing daily activities. While it may be commonly 

accepted that clinicians usually rate physical health as the main priority (i.e., physical 

impact), while patients rate emotional and social health as their main priority (i.e., 

personal impact), the resolution of physical symptoms does not mean the patient has been 

“cured” of their dizziness, and appropriate functional and psycho-social assessment of a 

patient’s symptoms is crucial for holistic prognosis.  

 

 

 
 
 
 
 
 
 
 
 



Texas Tech University Health Sciences Center, Amanda I. Rodriguez, May 2016  

  85 

CHAPTER VI 
 

OVERALL CONCLUSIONS  
 

Postural stability while ambulating and self-perceived handicap differences do 

exist in adults with and without chronic unilateral vestibular hypofunction (UVH).  It is 

apparent that complex tasks of dynamic walking, especially with upper head and trunk 

movements, are difficult for adults with chronic UVH and may contribute to their 

increased perception of handicap while performing activities of daily living.  While it is 

well known that patients with UVH do compensate physiologically over time, these 

results counteract previous study findings that adults with UVH can compensate 

functionally within a reasonable timeframe.  Previous data has shown that patients with 

UVH can learn to functionally compensate for their deficit while performing static 

postural tasks (e.g., single-legged stance, Fukuda, Romberg, etc.).  However, minimal 

data are available regarding the importance of assessing functional performance during 

dynamic walking tasks, especially when patient’s symptoms are chronic. Results of this 

study reveal the importance of evaluating a dizzy patient’s ability to ambulate with head 

movements and in other challenging tasks (i.e., walking around objects).  

When considering the types of assessments and balance screenings performed by 

primary care physicians (PCPs), clinicians report that they do not perform thorough 

functional balance tests in-office when their patient report’s dizziness due to lack of time 

or awareness; PCPs assume that over time patient symptoms will resolve. Additionally, 

audiologists who perform the diagnostic vestibular testing often limit their assessment to 

only evaluate the physiological integrity of the inner ear, and disregard evaluation of 

functional performance and self-reported handicap.  Unfortunately, clinicians tend to base 
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a patient’s overall improvement on obvious resolution of physical manifestations (e.g., 

spontaneous nystagmus, severe ataxic gait), whereas patients relate their medical 

improvement to emotional and social symptoms related to quality of life.  Data from this 

study suggests that adults with chronic UVH have postural stability challenges while 

performing dynamic walking tasks that resemble typical activities of daily living.  These 

functional burdens associate with increased self-perceived handicap, as the affected 

individual sees reduction in their quality of life.  It can also be anticipated that in adults 

with greater vestibular loss, balance symptoms may increase as well.  PCPs and other 

clinicians encountering dizzy patients should consider screening a patient’s ability to 

ambulate, specifically with challenging movements, to evaluate a person’s risk of fall and 

level of functionality to aid in differential diagnosis, and to aid in the decisions for 

intervention plan.  Additionally, self-reported measures of impairment can serve to be 

useful measures to determine management plans for that patient.  Future studies 

evaluating the ability to predict postural stability based on self-reported scores would be 

beneficial for clinicians in order to improve the efficiency of patient triage and treatment.  
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APPENDIX A  

DYNAMIC GAIT INDEX AND SCORING SHEET 
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APPENDIX B  

DIZZINESS HANDICAP INVENTORY  

 


